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60.306136
1896

N/ASurface Drainage
Waterbar

Assessment
-

20
20

00
4

0 $596
$30

Lower Rockpile
Medium -0.040

0.0001896 Craig
Storm Proofed

LoRock
0PW ECP Not 0 0

Needs two more water bars.

0 00
0 0

1Grand Total All Sites 20
20

00
4

0 $596
$300 0

00
0

$0Culvert Costs
0

Planning Watershed Big Pepperwood Creek

40
5250

N/ANo Problem
Other

Storm Proofing
-

0
0

120
0

135 $34,077
$0

Lower Rockpile
No Action -0.000

0.0005250 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0

This is the move in move out costs and the use of a water truck, grader and compactor at various sites.  Water truck (115 hours x $111/Hr), transport truck (20 hours x $111/Hr), pilot car (13 hours x 
$95/Hr), compactor (24 hours x $95/Hr) and grader (12 hours x $151/Hr).  This also includes 627 Cubic Yards of road base to be used as needed.

0 6270
0 37

40.1969
5110

N/ASurface Drainage
Dip Rolling

Assessment
-

10
1

00
1

0 $149
$149

Lower Rockpile
Low21 -0.000

3.0005110 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0
0 00

0 0
40.196921

5198
N/AStream Bank

Tip and Dip
Assessment

-
782
782

048
54

0 $16,458
$21

Lower Rockpile
Medium -1.600

0.0005198 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0
0 00

0 0
40.196921

4921
IIITemp. Crossing

Culv. Install
Storm Proofing

24"
150
150

012
12

0 $5,104
$34

Lower Rockpile
Medium -0.000

0.2002581 Alden
Private Seasonal

LoRock
60PW ECP Not 1 200

Old crossing dug out about 1/2.  Need to go deeper to set pipe.

0 100
0 0

40.196921
4922

IIITemp. Crossing
Culv. Install

Storm Proofing
24"

50
50

08
8

0 $3,812
$76

Lower Rockpile
Medium12 -0.000

0.3804922 Alden
Private Seasonal

LoRock
60PW ECP Not 1 200

Old crossing dug out but not deep enough.  Need to go deeper to set pipe.

0 100
0 0

40.196921
4923

IITemp. Crossing
Culv. Install

Storm Proofing
48"

600
600

012
12

0 $6,562
$11

Lower Rockpile
Medium13 -0.000

0.4104923 Alden
Private Seasonal

LoRock
60PW ECP Not 1 1,000

Old crossing dug out but not deep enough.  Need to go deeper to set pipe.  Small bank failure right.

0 100
0 0

40.196921
4924

IIITemp. Crossing
Culv. Install

Storm Proofing
30"

20
20

04
4

0 $2,884
$144

Lower Rockpile
Medium14 -0.000

0.5604924 Alden
Private Seasonal

LoRock
60PW ECP Not 1 200

Old crossing dug out but not deep enough.  Rock armored ford would be ok.

0 100
0 0

40.196921
4925

IITemp. Crossing
Culv. Install

Storm Proofing
36"

0
0

012
12

6 $6,785
$0

Lower Rockpile
Medium15 -0.000

0.7404925 Alden
Private Seasonal

LoRock
60PW ECP Not 1 400

Old crossing dug out but not deep enough.  There is a rocked spillway that is working.  Save the rocks.

0 200
0 0

40.196921
4926

IITemp. Crossing
Culv. Install

Storm Proofing
36"

0
0

010
10

0 $5,253
$0

Lower Rockpile
Medium16 -0.000

0.9604926 Alden
Private Seasonal

LoRock
60PW ECP Not 1 400

Old crossing dug out.

0 100
0 0

40.196921
4927

IITemp. Crossing
Culv. Install

Storm Proofing
RkFd

10
5

06
6

0 $2,482
$496

Lower Rockpile
Medium17 -0.000

1.1304927 Alden
Private Seasonal

LoRock
0PW ECP Not 2 200

Old crossing dug out, no sign of erosion.  Low gradient.  This is the end of last entry and crossing removal.

0 200
0 0
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40.196921
4928

IIHumboldt
Culv. Install

Storm Proofing
48"

300
300

016
16

10 $9,236
$31

Lower Rockpile
Medium19 -0.000

1.4004928 Alden
Private Seasonal

LoRock
60PW ECP Not 2 1,000

Washed out crossing no culvert originally.  This is the end or the road

0 200
0 0

40.196933
4908

N/ASurface Drainage
Tip and Dip

Assessment
-

997
997

061
69

0 $20,983
$21

Lower Rockpile
Medium -2.040

0.0004908 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0
0 00

0 0
40.196933

4909
IIICulv.-HDP

Culv. Replace
Storm Proofing

36"
1,000
1,000

012
12

0 $5,679
$6

Lower Rockpile
Medium 24"0.000

0.1901026 Alden
Private Seasonal

LoRock
60PW ECP Not 1 1,000

The culvert is set too high and has no critical dip.  There are holes in the fill.

0 00
0 0

40.196933
4910

IIITemp. Crossing
Dip Critical

Storm Proofing
-

0
0

01
1

0 $375
$0

Lower Rockpile
Low2 -0.000

0.3904910 Alden
Private Seasonal

LoRock
0PW ECP Not 1 0

Small draw needs a critical dip

0 00
0 0

40.196933
4916

IIICulv.-HDP
Dip Critical

Storm Proofing
-

0
0

00
2

0 $298
$0

Lower Rockpile
Low -0.000

1.4104916 Alden
Private Seasonal

LoRock
0PW ECP Not 0 0

Culvert 24x40 with down spout.  Install cdritical dip.

0 00
0 0

40.196933
4919

SwaleTemp. Crossing
Dip Critical

Storm Proofing
-

0
0

00
0

0 $0
$0

Lower Rockpile
Low -0.000

1.8304919 Alden
Private Seasonal

LoRock
0PW ECP Not 0 0

Small draw slight diversion potential.  Iinstall critical dip.

0 00
0 0

40.196933
4920

IICulv.
Dip Critical

Storm Proofing
-

0
0

00
2

0 $350
$0

Lower Rockpile
Low 24"0.000

2.0701012 Alden
Private Seasonal

LoRock
0PW ECP Not 1 0

24x40 with down spout.  Install critical dip.

0 00
0 0

40.196963
5108

N/ASurface Drainage
Tip and Dip

Assessment
-

372
372

023
26

0 $7,817
$21

Lower Rockpile
Medium -0.760

0.0005108 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0

This road was used about 10 years ago and is in pretty good shape.

0 00
0 0

40.196963
5111

IIISurface Drainage
Armored Ford

Storm Proofing
RkFd

10
10

00
2

2 $740
$74

Lower Rockpile
Medium1 -0.000

0.4105111 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0

Barely a class III.  Small channel rocked dip.

0 100
0 0

40.196963
5112

IIITemp. Crossing
Armored Ford

Storm Proofing
RkFd

40
40

02
2

4 $1,310
$33

Lower Rockpile
Medium2 -0.000

0.4405112 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0
0 100

0 0
40.196963

5113
N/ASurface Drainage

Dip Critical
Storm Proofing

-
5
5

00
1

0 $149
$30

Lower Rockpile
Low3 -0.000

0.6305113 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0

Very small draw.  No evidence of water flowing.

0 00
0 0

40.196963
5124

N/ASurface Drainage
Tip and Dip

Assessment
-

308
308

019
21

0 $6,480
$21

Lower Rockpile
Medium -1.390

0.7605124 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0

This section of road hasnot been used for 15 years or more.

0 00
0 0

40.196963
5117

IIITemp. Crossing
Culv. Install

Storm Proofing
24"

200
200

012
12

4 $5,548
$28

Lower Rockpile
Medium6 -0.000

0.8205117 Alden
Storm Proofed

LoRock
60PW ECP Not 1 0

Dig down to original channel and install culvert.

0 100
0 0

Thursday, February 28, 2013 Page 2 of 8Lower Rockpile Planning Watershed Sediment Reduction Project



Road # Cr. ClassProblem
Solution

Repair Type Total Yds
FSD Yds
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40.196963
5118

N/ACut Bank Failure
Excavate Soil

Storm Proofing
-

0
0

04
4

0 $1,292
$0

Lower Rockpile
Low7 -0.000

0.8605118 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0

100' bank failure, ramp over

0 00
0 0

40.196963
5119

N/ANo Problem
Rock Pit

Storm Proofing
-

0
0

00
0

0 $0
$0

Lower Rockpile
No Action8 -0.000

0.9405119 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0

Possible rock pit.  Large rip rap.

0 00
0 0

40.196963
5120

N/ASurface Drainage
Tip and Dip

Storm Proofing
-

0
0

04
4

0 $1,292
$0

Lower Rockpile
Medium9 -0.000

0.9805120 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0

Large swail with no obvious channel.  Outslope and dip.

0 00
0 0

40.196963
5121

N/ACut Bank Failure
Excavate Soil

Storm Proofing
-

0
0

06
6

0 $1,938
$0

Lower Rockpile
Low10 -0.000

1.0105121 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0

100' bank failure in rocky soil.  Ramp over and drift material to Left and Right.

0 00
0 0

40.196963
5122

IIHumboldt
Culv. Install

Storm Proofing
42"

2,000
2,000

060
60

200 $44,608
$22

Lower Rockpile
High11 -0.000

1.1505122 Alden
Storm Proofed

LoRock
60PW ECP Not 4 3,000

This is a large class II crossing that is slowly failing.  Dig out and replace.

0 300
0 0

40.196963
5123

N/AOther
Full Bench

Storm Proofing
-

0
0

014
14

200 $26,722
$0

Lower Rockpile
Medium12 -0.000

1.2505123 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0

This is a concave slope and the road is gone for 100'.  It looks like a cut bank and fill failure.  There is no obvious draw.

0 00
0 0

40.196963
5125

N/ASurface Drainage
Tip and Dip

Assessment
-

83
83

05
6

0 $1,749
$21

Lower Rockpile
Medium -1.560

1.3905125 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0

This section of road was opened about 10 years ago.  It needs to be drained properly.

0 00
0 0

40.19696347
5116

N/ASurface Drainage
Waterbar

Assessment
-

119
119

04
10

0 $2,186
$18

Lower Rockpile
Low -0.243

0.0005116 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0

This is a mostly "not connected road that switches back down a ridge top and will rarely be used.  Maintain waterbars.

0 00
0 0

40.19696347
5114

N/AOther
Dip Critical

Storm Proofing
-

0
0

00
2

0 $298
$0

Lower Rockpile
Low5 -0.000

0.1605114 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0

A small draw is diverted left through a through cut.  Try to make a critical dip to keep water in the channel.  Also put a dip in the switchback where there is now a water bar to make sure the water 
gets off the road.

0 00
0 0

40.19696347
5115

N/AOther
Dip Critical

Storm Proofing
-

0
0

00
2

0 $298
$0

Lower Rockpile
Low4 -0.000

0.2005115 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0

The small draw from 5114 empties onto the landing.  Install a dip to make sure it gets off the road.

0 00
0 0

40.196985
5138

N/ASurface Drainage
Tip and Dip

Assessment
-

220
220

014
15

0 $4,629
$21

Lower Rockpile
Medium -0.450

0.0005138 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0
0 00

0 0
40.196985

5136
N/ATemp. Crossing

Armored Ford
Storm Proofing

RkFd
5
5

01
1

2 $869
$174

Lower Rockpile
Medium1 -0.000

0.3005136 Alden
Storm Proofed

LoRock
0PW ECP Not 2 0
0 100

0 0
40.196985

5137
IIITemp. Crossing

Remove Crossing
Storm Proofing

Pull
300
300

010
10

0 $3,334
$11

Lower Rockpile
Medium2 -0.000

0.4505137 Alden
Deactivated

LoRock
0PW ECP Not 2 400

Convergance of two draws.  Dig out.

0 00
0 0
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40.196985
5139

N/ASurface Drainage
Waterbar

Assessment
-

59
59

00
0

0 $0
$0

Lower Rockpile
Medium -0.570

0.4505139 Alden
Deactivated

LoRock
0PW ECP Not 0 0

No need to go beyond road point 5140.

0 00
0 0

40.196985
5140

IIITemp. Crossing
Remove Crossing

Storm Proofing
Pull

200
200

016
16

0 $5,376
$27

Lower Rockpile
Medium3 -0.000

0.5005140 Alden
Deactivated

LoRock
0PW ECP Not 4 300
0 00

0 0
60.3061

5193
IIIOther

Dip Critical
Assessment

-
0
0

00
2

0 $298
$0

Lower Rockpile
Low31 -0.000

0.4405193 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0

Small Class III.  No erosion, but it need a Critical dip.

0 00
0 0

60.3061
5194

IIIOther
Dip Critical

Assessment
-

0
0

00
2

0 $298
$0

Lower Rockpile
Low32 -0.000

0.4535194 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0

Small Class III.  No erosion, but it need a Critical dip.

0 00
0 0

60.30615
3135

N/ASurface Drainage
Tip and Dip

Assessment
-

425
425

026
30

0 $8,949
$21

Lower Rockpile
Medium3135 -0.870

0.0003135 Alden
Deactivated

LoRock
0PW ECP Not 0 0
0 00

0 0
60.30615

5157
IIITemp. Crossing

Armored Ford
Storm Proofing

RkFd
100
100

08
4

10 $3,642
$36

Lower Rockpile
Medium4 -0.000

0.2005157 Alden
Deactivated

LoRock
0PW ECP Not 2 0

Bank and fill failure.  Good rock down the road left.

0 200
0 0

60.30615
5158

N/ACut Bank Failure
Excavate Soil

Storm Proofing
-

0
0

06
6

0 $1,938
$0

Lower Rockpile
Low5 -0.000

0.2605158 Alden
Deactivated

LoRock
0PW ECP Not 0 0

200' series of bank failures.  Ramp over.

0 00
0 0

60.30615
5159

IIHumboldt
Remove Crossing

Storm Proofing
Pull

2,000
2,000

050
50

100 $27,898
$14

Lower Rockpile
High6 -0.000

0.3005159 Alden
Deactivated

LoRock
0PW ECP Not 4 0

Big block failure.  Two channels coming down.  Complicated.  Dig Dig Dig.

0 200
0 0

60.30615
5160

IIITemp. Crossing
Armored Ford

Storm Proofing
RkFd

200
200

04
4

2 $2,058
$10

Lower Rockpile
Medium7 -0.000

0.4905160 Alden
Deactivated

LoRock
0PW ECP Not 2 0

No erosion.

0 200
0 0

60.30615
5161

IIHumboldt
Remove Crossing

Storm Proofing
Pull

2,000
2,000

030
30

50 $15,460
$8

Lower Rockpile
High8 -0.000

0.6055161 Alden
Deactivated

LoRock
0PW ECP Not 0 3,000

Old erosion

0 100
0 0

60.30615
5162

IIHumboldt
Remove Crossing

Storm Proofing
Pull

1,500
1,500

030
30

60 $16,946
$11

Lower Rockpile
High9 -0.000

0.6105162 Alden
Deactivated

LoRock
0PW ECP Not 3 0
0 200

0 0
60.30615

5163
IIIHumboldt

Remove Crossing
Storm Proofing

Pull
1,500
1,500

025
25

20 $10,943
$7

Lower Rockpile
Medium10 -0.000

0.7805163 Alden
Deactivated

LoRock
0PW ECP Not 4 0

Old fill

0 200
0 0

60.30615
5164

IIIHumboldt
Armored Ford

Storm Proofing
RkFd

100
100

06
6

4 $2,926
$29

Lower Rockpile
Medium12 -0.000

0.8505164 Alden
Deactivated

LoRock
0PW ECP Not 2 0
0 200

0 0
60.30615

5165
IINo Problem

No Action
Storm Proofing

-
0
0

00
0

0 $0
$0

Lower Rockpile
No Action11 -0.000

0.9005165 Alden
Deactivated

LoRock
0PW ECP Not 0 0

Big landing at the end of the road is ok.  Old skid crossing is gone.

0 00
0 0
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60.306177
5191

N/ASurface Drainage
Tip and Dip

Assessment
-

249
249

015
17

0 $5,246
$21

Lower Rockpile
Medium -0.510

0.0005191 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0
0 00

0 0
60.306177

5190
IIIHumboldt

Armored Ford
Storm Proofing

RkFd
300
300

016
16

2 $5,934
$20

Lower Rockpile
Medium29 -0.000

0.0905190 Alden
Storm Proofed

LoRock
0PW ECP Not 2 0

much of the fill has washed out.
Remove fill and Install rock armored ford

0 200
0 0

60.306177
5189

IIIHumboldt
Armored Ford

Storm Proofing
RkFd

600
600

020
20

10 $8,114
$14

Lower Rockpile
Medium28 -0.000

0.1105189 Alden
Storm Proofed

LoRock
0PW ECP Not 2 0

There are holes in the road.  Evidence of subsurface flow and erosion
Remove fill and Install rock armored ford

0 200
0 0

60.306179
5187

N/ASurface Drainage
Tip and Dip

Assessment
-

469
469

029
33

0 $9,875
$21

Lower Rockpile
Medium -0.960

0.0005187 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0
0 00

0 0
60.306179

5183
IIINo Problem

No Action
Assessment

RkFd
0
0

00
0

0 $104
$0

Lower Rockpile
No Action21 RkFd0.000

0.5605183 Alden
Storm Proofed

LoRock
0PW ECP Not 2 0

This is a log crib wall.  It is ok.

0 00
0 0

60.306179
5184

IIIOther
Armored Ford

Assessment
RkFd

100
100

04
4

0 $1,396
$14

Lower Rockpile
Medium21 -0.000

0.7002321 Alden
Storm Proofed

LoRock
0PW ECP Not 2 0

This was an old Crib wall that is failing.  Install rock ford.

0 00
0 0

60.306179
5185

N/ACut Bank Failure
Other

Assessment
-

0
0

04
4

0 $1,292
$0

Lower Rockpile
Low22 -0.000

0.7305185 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0

These are fill and bank failures blocking the road.  No delivery.  Ramp over.

0 00
0 0

60.306179
5186

Spr.Spring
Armored Ford

Assessment
RkFd

50
50

02
2

2 $1,412
$28

Lower Rockpile
Medium23 -0.000

0.7705186 Alden
Storm Proofed

LoRock
0PW ECP Not 2 0
0 200

0 0
60.30617941

5180
N/ASurface Drainage

Tip and Dip
Assessment

-
474
474

029
33

0 $9,977
$21

Lower Rockpile
Medium -0.970

0.0005180 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0
0 00

0 0
60.306187

5179
N/ASurface Drainage

Tip and Dip
Assessment

-
88
88

010
11

0 $3,394
$39

Lower Rockpile
Medium -0.330

0.1505179 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0
0 00

0 0
60.306187

5178
N/ATemp. Crossing

Dip Critical
Storm Proofing

-
0
0

00
0

0 $0
$0

Lower Rockpile
Low11 -0.000

0.2405178 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0

Small swail.  Could rock

0 00
0 0

60.3091
5394

N/ANo Problem
Tip and Dip

Assessment
-

904
904

00
0

0 $0
$0

Lower Rockpile
THP Maintenance -1.850

0.0005394 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0
0 00

0 0
60.3091

1900
IIIDip Rolling

Dip Rolling
Assessment

-
0
0

01
2

2 $1,134
$0

Lower Rockpile
MediumJB 3 -0.000

0.3801900 Bennett
Storm Proofed

LoRock
0PW ECP Not 0 0

Install rocked rolling dip at Class III crossing. Disconnect inside ditch.

0 200
0 0

60.3091
2643

N/ASurface Drainage
Rock Surface

Assessment
-

10
10

02
3

5 $3,990
$408

Lower Rockpile
Medium102 -0.480

0.4601747 Bennett
Storm Proofed

LoRock
0PW ECP Not 0 0

Rock this 100 foot segment of road where road is rutted.

0 1200
0 0
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Road # Cr. ClassProblem
Solution

Repair Type Total Yds
FSD Yds

Gra.Exca.
Cat

Truck Cost
$/FSD

THP Name
Priority/SheduleRd Pt Old Dia New DiaEnd

MileGIS#
ID#

Plan
Road Class Done

THP#
Crew LaborECP Number Yds

DRCs Rock
Ln

Left D
Right D

Final
Com.

60.3091
1904

IIIDip Rolling
Dip Rolling

Assessment
-

0
0

01
2

2 $1,134
$0

Lower Rockpile
MediumR 1 -0.000

0.7001904 Bennett
Storm Proofed

LoRock
0PW ECP Not 0 0

Install rocked rolling dip

0 200
0 0

60.3091
1905

IIIDip Rolling
Dip Rolling

Assessment
-

0
0

01
2

2 $1,134
$0

Lower Rockpile
MediumR 2 -0.000

0.7801905 Bennett
Storm Proofed

LoRock
0PW ECP Not 0 0

Install rocked rolling dip

0 200
0 0

60.3091
1748

IIIDip Rolling
Dip Rolling

Assessment
-

0
0

01
2

2 $1,134
$0

Lower Rockpile
Medium103 -0.000

0.9201748 Bennett
Storm Proofed

LoRock
0PW ECP Not 0 0

Class III xing. Little evidence of surface flow. Rocked Rolling Dip. Rock armor outfall.

0 200
0 0

60.3091
1749

IIIDip Rolling
Dip Rolling

Assessment
-

0
0

01
2

2 $1,574
$0

Lower Rockpile
Medium104 -0.000

1.0601749 Bennett
Storm Proofed

LoRock
0PW ECP Not 0 0

Class III Channel with some evidence of flow. Runs down road approx. 40 feet west until reaching inside ditch. Disconnect ditch, re-establish flow across road. Construct rolling dip by building 
rock mounds on either side(do not dig). Extend western berm to outboard side to ensure water does not return to run down road surface.

0 400
0 0

60.3091
5393

N/ACut Bank Failure
Ramp over

Assessment
-

0
0

01
2

0 $524
$0

Lower Rockpile
Medium -0.000

1.2405393 Bennett
Storm Proofed

LoRock
0PW ECP Not 1 0

Cut bank failure that involved a residual Doug-fir. The top of the tree is anchored at bank and extends into Rockpile. Cut top of tree to clear road and leave in place. Push remainder of tree and root 
wad into Rockpile as large wood. Ramp over the failed material.

0 00
0 0

60.3091
1750

IIIDip Rolling
Dip Rolling

Assessment
-

0
0

01
2

2 $1,574
$0

Lower Rockpile
Medium105 -0.000

1.2901750 Bennett
Storm Proofed

LoRock
0PW ECP Not 0 0

Class III xing with 2-3 separate channels.  Little evidence of surface flow. Install rocked rolling dips to capture channels. Rock armor outfall.

0 400
0 0

60.3091
5392

N/ASpring
Dip Rolling

Assessment
-

0
0

01
2

2 $1,134
$0

Lower Rockpile
MediumJB200 -0.000

1.3505392 Bennett
Storm Proofed

LoRock
0PW ECP Not 0 0

Spring on inside of road. Install rocked rolling dip.

0 200
0 0

60.3091
1751

N/ASpring
Dip Rolling

Assessment
-

0
0

01
2

2 $1,134
$0

Lower Rockpile
Medium106 -0.000

1.4401751 Bennett
Storm Proofed

LoRock
0PW ECP Not 0 0

Spring on inside of road. Install rocked rolling dip.

0 200
0 0

60.3091
1752

N/ASpring
Dip Rolling

Assessment
-

0
0

01
2

2 $1,134
$0

Lower Rockpile
Medium107 -0.000

1.4701752 Bennett
Storm Proofed

LoRock
0PW ECP Not 0 0

Spring on inside of road. Install rocked rolling dip.

0 200
0 0

60.3091
1873

IICulv.-HDP-Plug
Other

Assessment
48"

0
0

08
8

4 $5,518
$0

Lower Rockpile
MediumG-3 -0.000

1.5201873 Bennett
Storm Proofed

LoRock
40PW ECP Not 0 0

Culvert is plugged and watercourse is running down road. Remove old culvert. Deepen watercourse channel from old culvert to break in slope in order to develop a more defined channel. Slope the 
banks. The intent is to prevent the watercourse from jumping its bank. This will require ditching approximately 110 feet of channel. Rebuild the road raising the height to the west of the watercourse 
in order to keep the stream from running down the road again. Install new 48" culvert in-line with the watercourse. Rip-rap culvert outlet.

0 400
0 0

60.3091
1753

N/ASpring
Dip Rolling

Assessment
-

0
0

01
2

2 $1,134
$0

Lower Rockpile
Medium108 -0.000

1.6101753 Bennett
Storm Proofed

LoRock
0PW ECP Not 0 0

Spring on inside of road. Install rocked rolling dip.

0 200
0 0

60.3091
1755

N/ADip Rolling
Dip Rolling

Assessment
-

0
0

01
2

2 $1,134
$0

Lower Rockpile
Medium110 -0.000

1.6401755 Bennett
Storm Proofed

LoRock
0PW ECP Not 0 0

Class III xing. Little evidence of surface flow. Install rocked rolling dip.

0 200
0 0
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Road # Cr. ClassProblem
Solution

Repair Type Total Yds
FSD Yds

Gra.Exca.
Cat

Truck Cost
$/FSD

THP Name
Priority/SheduleRd Pt Old Dia New DiaEnd

MileGIS#
ID#

Plan
Road Class Done

THP#
Crew LaborECP Number Yds

DRCs Rock
Ln

Left D
Right D

Final
Com.

60.3091
1754

N/ADip Rolling
Dip Rolling

Assessment
-

0
0

01
2

2 $1,134
$0

Lower Rockpile
Medium109 -0.000

1.7901754 Bennett
Storm Proofed

LoRock
0PW ECP Not 0 0

Class III xing. Little evidence of surface flow. Install rocked rolling dip.

0 200
0 0

90.9092
5126

N/ASurface Drainage
Tip and Dip

Assessment
-

435
435

027
30

0 $9,155
$21

Lower Rockpile
Medium -1.800

0.9105126 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0

This section of road was opened about 10 years ago.  It needs to be drained properly.

0 00
0 0

90.9092
5133

IIHumboldt
Culv. Install

Storm Proofing
42"

2,000
2,000

036
36

20 $16,824
$8

Lower Rockpile
Medium20 -0.000

1.1805133 Alden
Storm Proofed

LoRock
60PW ECP Not 3 3,000

Old Humboldt.  Dig out and install culvert.

0 300
0 0

90.9092
5132

N/AFill - Road
Excavate Soil

Storm Proofing
-

0
0

06
6

0 $1,938
$0

Lower Rockpile
Low19 -0.000

1.2605132 Alden
Storm Proofed

LoRock
0PW ECP Not 0 200

Ramp over.

0 00
0 0

90.9092
5131

N/ATemp. Crossing
Armored Ford

Storm Proofing
RkFd

100
100

01
2

2 $914
$9

Lower Rockpile
Medium18 -0.000

1.4005131 Alden
Storm Proofed

LoRock
0PW ECP Not 0 0

Head of draw.  Install rocked rolling dip.

0 100
0 0

90.9092
5130

IIHumboldt
Culv. Install

Storm Proofing
42"

3,000
3,000

048
48

150 $34,974
$12

Lower Rockpile
Medium17 -0.000

1.5505130 Alden
Storm Proofed

LoRock
60PW ECP Not 0 4,000

Large fill.  Dig out and install culvert.

0 300
0 0

90.9092
5129

IIHumboldt
Culv. Install

Storm Proofing
42"

800
800

036
36

6 $15,050
$19

Lower Rockpile
Medium16 -0.000

1.6205129 Alden
Storm Proofed

LoRock
60PW ECP Not 3 700

Dig out and install culvert.

0 200
0 0

90.9092
5128

IIHumboldt
Culv. Install

Storm Proofing
42"

500
500

036
36

6 $15,050
$30

Lower Rockpile
Medium15 -0.000

1.6605128 Alden
Storm Proofed

LoRock
60PW ECP Not 3 700

Wet class II.  Dig out and install culvert.

0 200
0 0

84Grand Total All Sites 25,745
25,731

12922
996

1,040 $493,647
$1963 19,900

1,5470
0

$26,680Culvert Costs
37

Planning Watershed Lower Rockpile Creek

85Grand Total All Sites 25,765
25,751

12922
1,000

1,040 $494,243
$1963 19,900

1,5470
0

$26,680Culvert Costs
37
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Road # Cr. ClassProblem
Solution

Repair Type Total Yds
FSD Yds

Gra.Exca.
Cat

Truck Cost
$/FSD

THP Name
Priority/SheduleRd Pt Old Dia New DiaEnd

MileGIS#
ID#

Plan
Road Class Done

THP#
Crew LaborECP Number Yds

DRCs Rock
Ln

Left D
Right D

Final
Com.

 
  Road Work 
 
 Road # – This is unique road ID number for each road segment on the property. 
 Road Class – This is the type of road. 

a. Upgraded – Outsloped and dipped 
b. Storm proofed – Outsloped, dipped and culverts repaired. 
c. Deactivation – Outsloped, dipped, culverts pulled, and the road will be 

reused. 
d. Abandoned Fixed – Outsloped, dipped, culverts removed and the road will 

not be reused. 
e. Abandoned Legacy – It will do more damage than good to work on the 

road.  The road will not be reused. 
 GIS# - Each existing site in the field (like a culvert) has a unique GIS number, 

usually the first visit ID#.  It appears on the road maps.  A new visit to an existing site 
will reference the GIS#.  You can look up the history of visits to a particular site by 
calling up all the records with the same GIS#. 

 ID# - Each “new” road site visit has a unique ID number.  It is generated when the 
record is entered into the database.   

 Mile – Each numbered road has mileage ticks from 0 to the end of the road.  “Mile” is 
the distance out the road to the site. 

 End – If the site is along a length of road, like tipping and dipping, there is a start 
point (Mile) and “end” mileage. 

 Insp. – The name of the inspector that identified the site and made the prescription is 
listed here.  The inspectors are trained to identify potential sediment sources and 
make prescriptions in accordance with the Handbook for Forest and Ranch Roads, 
Weaver and Hagans, 1992.  Estimates of sediment production and delivery are made 
by the inspector. 

 Crew – These are the initials of contractor that did the work. 
 Planned – Date of site identification. 
 Done – Date site work was completed. 
 THP# - THP Number 
 Rd Pt - This is the working number (THP road point) created by the inspector in the 

field.  It is often found on field flagging. 
 THP Name – The THP or program the work is associated with. 
 ECP Name – The Erosion Control Plan the site is associated with. 
 Problem – The type of problem. 
 Solution – The type of solution. 
 Repair type – Why was the work done. 

 Priority – This reflects the urgency of the problem.  A high priority site is one that is 
likely to deliver a significant amount of sediment during the next 5 year storm event. 
Medium and low priority sites need upgrading, but are unlikely to deliver significant 
amounts of sediment in the next several years. High priority sites will be scheduled 
for completion prior to a low or medium priority site. 

 Stream Class – As per the Forest Practice Rules 
 Old Dia – The diameter of the old culvert. 
 New Dia Ln – The diameter and length of the new culvert if any. 
 DRCs – Number of ditch relief culverts needed for the site. 
 Rock – Yards of rock needed at the site – rip rap, rock surface, etc. 
 Right and Left Ditch – Feet of road to the right and left of the site that is connected 

and needs treatment. 
 Equipment Hours 

a. Exca. – Excavator 
b. Cat – Caterpillar tractor 
c. Labor – Hand labor 
d. Truck – Dump truck or water truck 
e. Gra. – Grader 
f. Com. - Compactor and pilot car if needed. 

 Yds - This is the total yardage of soil that must be moved at the site. 
 Cost – All the equipment costs plus the culvert costs.  This does not include 

administration or logistic costs. 
 $/FSD – This is the total cost divided by the yards of soil prevented form delivery 

(FSD) to the watercourses. 
 Total Yds –  This is the estimate of yardage that will be mobilized in a failure if the 

work is not done. 
 FSD (Future Sediment Delivery) – This is the amount of soil that will be prevented 

from being delivered into the watercourses if the project is completed.  It is the 
relative potential for sediment delivery (RPSD).  This yardage only appears if the 
inspector has been trained to estimate this.  This also includes road surface erosion 
that disconnecting the roads from the watercourses will prevent from being delivered.  
On upgraded roads it is typically 0.2 cubic feet per square foot of road per decade for 
the portion (typically 50%) that has been disconnected.  The road and cut bank width 
is assumed to be 25 feet.
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A.    PROJECT MANAGEMENT 

1. Title Page and Approvals 
 

QUALITY ASSURANCE PLAN FOR MONITORING SEDIMENT REDUCTION IN 
THE GUALALA RIVER WATERSHED 
 
This Document was compiled by: 
Kerry Williams 
Sotoyome Resource Conservation District 
P.0. Box 11526 
Santa Rosa, Ca  95406 
(707) 569-1448 
 
with contributions from 
 
Matt O’Connor 
O’Connor Environmental, Inc. 

      P.O. Box 794 
 Healdsburg, CA  95448 
  
 Henry Alden 
 Gualala Redwoods, Inc. 
 P. O. Box 197 
 Gualala, CA  95445 
 
 Gualala River Watershed Council 
 P.O. Box 1369 
 Gualala, CA  95445  
  
 
Approvals: 
 
North Coast Regional Water Quality Control Board 
  
By:  Peter Otis        Date:  December 4, 2002 
       Environmental Planner 
       Quality Assurance Manager 
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AA. Revisions Page and Approvals  
 

I. Table 7.1: Total Suspended Solids has been revised 4/1/08 to the following: 
 

Parameter Method/range Units Detection 
Limit 

Sensitivity Precision Accuracy Completeness 
 

Total 
Suspended 
Solids (TSS)  

Residue, Non-
Filterable (EPA 
Method 160.2)  

mg/l  4  NA  80% Standard Reference 
Materials  

Laboratory duplicate, 
Blind Field duplicate, 
or MS/MSD 25% 
RPD 

(SRM, CRM, PT) within 
95% CI stated by provider 
of material.  If not 
available then with 80% to 
120% of true value 

Laboratory duplicate 
minimum. 

II. Section 5, page 21, paragraph 5 has been revised 4/1/08 to the following:  
 

If data do not meet the project’s specifications (see Table 7.2 –error tolerance), the following actions 
will be taken.  First, the technical advisors will review the errors and determine if the problem is 
equipment failure, calibration/maintenance techniques, or monitoring/sampling techniques.  If the 
problem cannot be corrected by re-training, revision of techniques, or replacement of 
supplies/equipment, then the technical advisors and the TAC will review the DQOs and determine if 
the DQOs are feasible.  If the specific DQOs are not achievable, the parameter should be eliminated 
from the monitoring program. 

 
Approval: 
 
__________________   4/1/08          
Kathleen Morgan                                    Date             
GRWC CQAO 
GRWC Contract Manager 

 
__________________   _________         __________________   _________ 

      SWRCB QAO                                         Date                                   SWRCB Contract Manager                    Date  
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3. Distribution List 
Primary distribution list for the Gualala River Watershed Monitoring Program Quality Assurance 
Plan: 
 
NAME      AGENCY/ORGANIZATION 
Lauren Clyde North Coast Regional Water Quality Control Board 
Bill Cox & Doug Albin  California Department of Fish & Game 
Matt O’Connor O’Connor Environmental, Inc. 
Steering Committee Gualala River Watershed Council 
Technical Advisory Committee Gualala River Watershed Council 
Field Team Leaders Gualala River Watershed Council 
 
Once approved, this Quality Assurance Project Plan (QAPP) will be available to any interested 
party by requesting a copy from the Sotoyome Resource Conservation District (SRCD) (see 
address on title page).   

4. Project/Task Organization 
The members of the Gualala River Watershed Council (GRWC) in partnership with the SRCD 
are implementing the Gualala River Watershed Monitoring Program. The GRWC is an 
association of stakeholders in the Gualala River watershed. These stakeholders include any 
persons and/or entities that live within, own property within, use water from, operate commercial 
businesses within or are affected by land uses within the Gualala River Watershed. There is also 
consistent participation by representatives of local, state and federal agencies. 
 
Formation of the GRWC in 1997 was facilitated by the North Coast Regional Water Quality 
Control Board (NCRWQCB), the California Department of Forestry (CDF), the Redwood Coast 
Land Conservancy (RCLC) and with ongoing support from the SRCD.  
 
The development of a Gualala River Watershed Monitoring Program with a QAPP is part of the 
ongoing development of a watershed enhancement plan for the Gualala River watershed. This 
program is currently being funded by grants from the State Water Resource Control Board (State 
WRCB) 319(h) program and the California Department of Fish and Game (CDFG) SB271 
program. 
 
The GRWC monitoring program is managed by the SRCD with program over site and 
coordination by the GRWC Steering Committee, and Matt O’Connor, O’Connor Environmental, 
Inc.  
 
The following personnel and subcontractors will perform sample collection and analysis: 
 

• Trained GRWC citizen volunteers 
• Trained GRWC supervising staff 
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• O’Connor Environmental, Inc. 
• Forest Science Project 
• Macroinvertebrate Lab 

 
The Sediment Reduction in the Gualala River Watershed Monitoring 319(h) Project is a multi-
organization project.  Consultants and volunteer citizen monitors and staff from Gualala 
Redwoods, Inc. (GRI) will work together to monitor and assess natural streams in the Gualala 
River watershed at monitoring sites selected as outlined in the scope of work for the project. The 
results of this monitoring shall be reviewed during periodic technical advisory committee (TAC) 
meetings.  In addition, any problems, concerns, and/or proposed amendments to this QAPP will 
also be reviewed and discussed by the TAC. 
 
The following is a list of key personnel and their project responsibilities. 

 
The organizational structure of the GRWC monitoring program is illustrated in Figure A-1. 

5. Problem Definition/Background 
Land use practices, combined with erosive landscape characteristics have accelerated the rate of 
erosion and mass wasting, and contributed to sedimentation in the Gualala River and its 
tributaries.  Sedimentation is a result of a variety of natural and anthropogenic factors, including 
mass wasting, roads, and surface erosion.  Sedimentation is believed to be a major contributing 
factor to the decline of historic runs of salmon and steelhead..  
 
There is insufficient information to adequately assess the status of aquatic resources in the 
Gualala River watershed.  The GRWC was formed in order to address watershed conditions and 
activities, including water quality concerns within the watershed.  There are also small citizen 
monitoring groups forming to conduct monitoring in the various areas of the watershed and some 
private landowners have been conducting monitoring for several years.  If quality assurance is 
adequate, valuable information will be provided for watershed management. One of the primary 
tasks of the GRWC is to design and implement a monitoring program for the watershed. A TAC 
has been formed to advise on this task. 

TASK KEY PERSONNEL 
Contract Manager Lauren Clyde, North Coast RWQCB 
Project Director Kerry Williams, Sotoyome RCD 
Coordinator for Field Teams & TAC Kathleen Morgan, GRWC 
Equipment Supply, Calibration Nola Craig, DFG Staff, SRCD Staff, GRI Staff, Kathleen 

Morgan, Matt O’Connor, GRWC volunteers 
Field Data Collection Nola Craig, DFG Staff, SRCD Staff, GRI Staff, Kathleen 

Morgan, Matt O’Connor, GRWC volunteers 
Data Management Matt O’Connor, Kathleen Morgan, Kerry Williams, 

SRCD Staff, GRI staff 
Quality Assurance/Quality Control Matt O’Connor, GRWC Team Leaders 
Technical Advisors Matt O’Connor, agency members of TAC 
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Figure A-1 Organizational structure of the GRWC monitoring program. 
 
 
 
 
 
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

 
 

North Coast Regional Water Quality Control Board 
(Lauren Clyde) 

Sotoyome Resource Conservation District 
(Kerry Williams) 

GRWC Steering Committee 

Contract Hydrologist 
(Matt O’Conner , O’Connor 

Environmental, Inc.) 

Volunteer Monitors for Field Data Collection 

Trained Team Leaders for 
Field Data Collection 

Data Management 
Coordinator 

(as per B10 below) 

Project Coordinator for 
Field Teams & TAC 
(Kathleen Morgan) 
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6. Project/Task Description 
This project will supplement existing agency information by monitoring streams in the Gualala 
River watershed.  The focus of the project is on physical aquatic habitat and physical and 
biological water quality measures that will assist in identifying the status of these aquatic 
resources.  Analysis, for the most part, will be conducted in the field with test kits and field 
instruments.   
 
The objective of this project is to improve water quality through collaboration between public 
agencies, community groups, and private landowners.  The project involves a three-year 
incremental process to implement non-point source controls, emphasizing on road improvements 
and to develop a mechanism for further assessments and implementation for reducing 
sedimentation in the watershed.  The assessment and implementation will be aimed at improving 
water quality by reducing up-slope erosion impacts to the aquatic resources, improving the 
riparian zone, and enhancing anadromous salmonid habitat in the tributaries and main stem of the 
Gualala River watershed. 
 
A map of the Gualala River watershed is attached as Appendix A. 
 
The GRWC monitoring groups will be monitoring water quality in Gualala River watershed.  
Physical and biological parameters are measured; however, not all groups are measuring all 
parameters.  Table 6.1 identifies the type and frequency of the monitoring parameters. 
 
This QAPP addresses data quality objectives for the following parameters: 
  

Temperature 

Longitudinal Profiles & Benchmarks 

Cross-section Measurements  

Pebble Counts 

Large Woody Debris 

Canopy and Riparian Measurements 

Benthic Macroinvertebrate 

Streamflow, Turbidity and Total Suspended Solids 
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Table 6.1  Type and Frequency of Monitoring in the Sediment Reduction in the Gualala River Watershed Monitoring 
Program 

Parameter Maximum 
Frequency 

Time of Year 

Temperature A Summer 
Longitudinal Profiles & Benchmarks B Summer 
Cross-sections B Summer 
Pebble Counts B Summer 
Large Wood Debris B Summer 
Canopy & Riparian Measurements B 6/1-8/31 
Benthic Macroinvertebrates B Fall 
Stream Flow, Turbidity & Total Suspended Solids 
(Optional monitoring element) 

C Winter/Spring 

Frequency:   A: Annual  B: Annual or less frequently depending on objectives C: Seasonal, frequency depending on objectives and 
flow conditions 

7. Quality Objectives and Criteria  
 

Table 7.1  Data Quality Objectives for Conventional Water Quality Parameters 
Parameter Method/range Units Detection 

Limit 
Sensitivity Precision Accuracy Completeness 

Temperature Thermometer 
(-5 to 50) 

o C -5 0.5 o C ± 10% ± 10% 80% 

Turbidity Tubes 
(5 - ) 
 

JTUs < 5 5 JTUs ± 5 JTUs NA 80% 

Total 
Suspended 
Solids (TSS)  

Residue, Non-
Filterable (EPA 
Method 160.2) 

mg/l 4 NA   NA NA 80% 

NA:  not applicable 
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Table 7.2 Data Quality Objectives for Physical Aquatic Habitat Parameters 
Parameter  Time scale  Spatial scale Endpoints/units Tolerated error Supporting 

documentation 
Prep by 
professionals 

Large woody 
debris survey  
 

1 year maximum 
and after major 
events. 

Stream reaches 
of 1000 ft or 
20 bankfull 
widths, 
whichever is 
more. 
 
 

All LWD > 6 in. diameter 
and > 4 ft length within 
the bankfull channel; 
locate position of LWD in 
the long-profile. 
 
 

Length +/- 1 ft per 5 ft, 
Diameter +/- 2 in. per 
6 in., Root wad 
dimensions +/- 1 ft per 
2 ft of size.  Distance 
from start point (long 
profile survey) +/- 3 ft 
to center point of log.  
 
 

Notes on how to 
locate beginning 
and ending points 
of reach, associated 
long-profile data, 
associated cross-
section data. 

Measurement 
techniques, how to 
handle odd LWD 
shapes, how to 
estimate jam 
volumes when all 
pieces are not 
visible.  

Longitudinal 
channel profile 
 

1 year maximum 
and after major 
events. 

Stream reaches 
of 1000 ft or 
20 bankfull 
widths, which 
ever is more. 
Thalweg 
elevation 
minimum of 
10 ft intervals. 

The most important 
features to measure are: 
riffle crests, breaks in 
slope and deep points of 
pools. 
Measure elevation (± 0.02 
ft) whenever the channel 
bed changes slope and at 
least every 15 ft where the 
slope is relatively uniform 
(e.g. a long run, riffle or 
pool). 

Elevation +/- 0.02 ft; 
distance (± 3 ft) from 
start point and left 
right offset (± 4ft).  
Elevation closure 
within 0.01 ft for each 
benchmark, each 
turning point, and each 
500 linear feet of 
distance. 

Notes on how to 
locate beginning 
and end points of 
reach, associated 
cross-section data, 
pebble count data, 
photo-
documentation of 
stream channel and 
benchmarks. 

Surveying 
techniques, site 
selection. 

Cross-sections 1 year maximum 
and after major 
events. 

3 per 1000 ft 
reach are 
conventional; 
sites initially 
selected are 
likely 
spawning sites 
defined as 
riffles located 
at pool tails.  

Elevation observations at 
inflections points with at 
least one intervening point 
between breaks in slope. 
The most important 
features to measure are: 
breaks in slope, bankfull, 
wetted width and thalweg.  
Average spacing between 
observations equivalent to 
< 5% of bankfull width.  

Elevation closure 
within 0.01 ft for each 
benchmark, each 
turning point, and each 
500 linear feet of 
distance. 

Notes on how to 
locate beginning 
and ending points 
of cross-section, 
associated long-
profile data, pebble 
count data, and  
photo-
documentation of 
stream channel. 

Surveying 
techniques, site 
selection.  
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Table 7.2 continued… 
Parameter  Time scale  Spatial scale Endpoints/units Tolerated error Supporting 

documentation 
Prep by 
professionals 

Pebble count 
(Wolman 1954) 
(as specified for 
GRWC) Refer to 
Appendix F 

1 year maximum 
and after major 
events. 

4 per 1000 ft 
reach are 
conventional; 
sites initially 
selected are 
likely 
spawning sites 
defined as 
riffles located 
at pool tails.  

100 measurements in a 
random walk on the riffle 
surface from upstream to 
downstream, collecting a 
pebble diameter at 3 ft 
intervals (about one stride 
by the observer). Lateral 
extent of observation area 
defined by active bed 
deposits lacking 
significant vegetation or 
leaf litter. 

Individual pebbles to 
+/- 1mm 

Location within 
long profile and 
associated cross-
section stations and 
reach end point. 

Measurement 
techniques and 
data recording. 
 
 
 
 
 
 
 
 

Riparian Canopy 
Closure 

1 year at time of 
installation of the 
temperature data 
logger. 

Thermal 
reaches of a 
1000 to 2000 
feet above data 
logger 
installation 
site. 

Using a spherical 
densiometer adapted to 
the Strickler method 
(1959). From center of 
channel take 
measurements at 100 ft. 
intervals along the thermal 
reach. 

+/- 2 intersections in 
the field of view 

Notes on how to 
locate beginning 
and ending points 
of a thermal reach 
and center of 
channel, associated 
Forest Science 
protocols. 

Measurement 
technique and data 
recording. 

Riparian Canopy 
Density 

1 year maximum 
and after major 
events. 

In stream 
channel and 
riparian forest 
stand plots 
located at 200 
ft intervals 
along 
monitoring 
reach. 

Using a spherical 
densiometer, measure the 
percentage of overhead 
canopy density at 5 
locations along a transect 
perpendicular to the 
stream channel: center of 
channel, at the left and 
right edge of the bankfull 
channel, and at 50ft 
beyond the bankfull 
channel edge in the 
riparian zone. 

+/- 2 squares in the 
field of view i.e. +/- < 
10% 

Notes on how to 
locate beginning 
and ending points 
of reach, associated 
long-profile data, 
reference to 
associated riparian 
stand inventory 
plots. 

Measurement 
technique, 
sampling rules 
regarding non-
standard situations 
(e.g. what is done 
if the 50 ft 
distance ends on a 
road, or a very 
steep slope that 
cannot be 
negotiated?).  
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Table 7.2 continued… 
Parameter  Time scale  Spatial scale Endpoints/units Tolerated error Supporting 

documentation 
Prep by 
professionals 

Riparian forest 
stand inventory 

1 year maximum 
and after major 
events. 

Sample of 
trees and 
downed logs 
within a 100 ft 
long, 21.8 ft 
wide (20th 
acre) 
rectangular 
plot and 
understory in a 
100th acre 
sub-plot in 
riparian forest 
stands located 
at 200 ft 
intervals along 
monitoring 
reach. 

Measure height and live 
crown % and distance of 
the first 3 conifer trees > 
5.6 in DBH from the 
origin of the plot 
centerline.  Estimate DBH 
and measure distance of 
all remaining tree species 
>5.6 in DBH.    The 
diameter of all down logs 
that intersect the 100 ft 
centerline of the plot is 
also measured. A 100th 
acre lesser vegetation sub-
plot is established 15 ft 
from bankfull.  The plot is 
established and 
monumented with rebar at 
the edge of the bankfull 
channel and the 100 ft end 
point. 

Length/Height +/- 1 ft. 
Diameter +/- 1 in. 
Distance from plot 
start point +/- 1 ft 

Notes on how to 
locate beginning 
and ending points 
of plot, adjust 100 
ft measurement for 
slope, associated 
long-profile data, 
reference to 
associated riparian 
canopy data. 

Measurement 
techniques and 
sampling rules for 
non-standard 
situations (e.g. 
what is done if the 
100 ft distance 
ends on a road? or 
a very steep slope 
that cannot be 
negotiated?). 

Turbidity Instantaneous 
during periods of 
storm runoff 

Designated 
cross-section 
locations 
within larger 
monitoring 
sites 

NTU’s, see Table 7.1 See Table 1, +/- 10%   Manufacturer’s 
instruction 
manuals.   

Training of 
monitoring team 
leaders; QA/QC 
on data and 
instrument logs 

Stream Discharge Instantaneous 
during periods of 
storm runoff 

Designated 
cross-section 
locations 
within larger 
monitoring 
sites 

cubic feet per second (cfs) +/- 10%  US Geologicial 
Survey WRI 
Report 00-4036, 
ver. 1.1 (CD-ROM 
interactive training 
manual) 

Training of 
monitoring team 
leaders; QA/QC 
on data and 
instrument logs 
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Table 7.2 continued… 
 
Parameter  Time scale  Spatial scale Endpoints/units Tolerated error Supporting 

documentation 
Prep by 
professionals 

Total Suspended 
Solids 

Instantaneous 
during periods of 
storm runoff 

Designated 
cross-section 
locations 
within larger 
monitoring 
sites 

Sample collected using a 
depth-integrated sampler; 
sample represents verticle 
spatial average 
concentration of solids in 
the water column; optimal 
sample is in or near 
channel thalweg as flow 
conditions permit; number 
of samples likely to be 
limited by funds available 
for lab processing; 
intended for correlation 
with turbidity data and 
stream discharge collected 
at the same site and time  

See Table 1, +/- 10% Manufacturer’s 
instruction manual 
for use of depth 
integrated sampler 
(equivalent to 
USGS DH-48 
sampler) 

Training of 
monitoring team 
leaders; QA/QC 
on data and 
instrument logs 

Benchmarks for each parameter are addressed separately 
 

Table 7.3 Data Quality Objectives for Biological Parameters 
Parameter Method/range Units Detection Limit Sensitivity*  Precision Accuracy Completeness 
Benthic Macro-
invertebrates 

Calif. Stream 
Bioassessment 
Protocol (CDFG) 

N/A Family level N/A < 5% difference < 5% difference 80% 
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8. Special Training/Certification 
The Gualala River Watershed Coordinator, members of the GRWC, employees of SRCD, 
employees of Gualala Redwoods, Inc. and volunteers from the community will collect data at 
selected sites in the watershed and will receive training in techniques used to evaluate general 
watershed condition.   All protocols and example data collection sheets are attached in the 
Appendices and source documentation is identified in the protocols themselves. 
 
The data will be made available to the public to use for educational and informational purposes. 
It is hoped that information gained from the ongoing volunteer monitoring program will lead to 
land management decisions that consider the health of the watershed. 
 
All citizen-monitoring leaders must participate in three hands-on training sessions related to 
water quality and channel monitoring conducted by either GRWC or a comparable entity and 
approved by the SRCD and RWCQB.  Training sessions will be held in the Gualala River 
watershed.  Certificates of completion will be provided once all training as been completed. The 
following topics will be covered under this training:   
 
• General hydrology 
• Ecology 
• Health and Safety 
• Quality Assurance and Quality Control (QA/QC) Measures 
• Sampling Procedures 
• Field Analytical Techniques 
• Data recording 
 
The trainer will ensure that volunteer citizen monitoring leaders are reading instruments and 
recording results correctly. Individual trainees are evaluated by their performance of analytical 
and sampling techniques, by comparing their results to known values, and to results obtained by 
trainers and other trainees. Sampling and safety techniques will also be evaluated.  The trainer 
will discuss corrective action measures with the volunteers, and the date by which the action will 
be taken.  The citizen-monitoring leader is responsible for reporting back if any corrective action 
is taken.  Certificates of completion will be provided once all training has been completed. 
 
To be certified for macroinvertebrate bioassessment citizen monitoring leaders must also 
participate in a three-day training course provided by the CDFG, the Sustainable Lands 
Stewardship Institute, the American Fisheries Society, or the State WRCB. 
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9. Documents and Records 
All field results will be recorded at the time of completion in the field, using the data sheets (data 
sheets are included with each individual protocol in the appendices B through H) and field 
logbooks.  Each monitoring group will also keep and record information in the instrument 
maintenance logs. 
 
Data sheets will be reviewed for outliers and omissions before leaving the sample site at the 
completion of each data collection.  Data sheets will be signed after review by a team-monitoring 
leader.  Data sheets will be turned in to data headquarters within one week of actual data 
collection.  Data headquarters will be either the SRCD office or.(we need to choose another 
alternate location in Gualala area)The monitoring coordinator’s house. Copies of all data sheets 
will be made immediately upon receipt at data headquarters.  Original copies will be stored in an 
“original binder” and copies will be put into a “working binder.”  Copies of all information in the 
field logbooks will be made and inserted into the working copy binder. Entry of all data will be 
made into a computer database within three months of data collection.  computer backup copies 
will be made on a quarterly basis and will be made and held at data headquarters. All data entry 
and other tasks involving data sheets will utilize the working binder. The original binder shall be 
used as a reference only. Field sheets are archived for three years from the time they were 
collected.   
 
Instrument maintenance logs will also be kept by each citizen-monitoring group for each 
instrument in use.  These include HOBO temperature units. The instrument logs detail the dates 
of equipment inspection and calibrations, as well as the dates reagents are replaced.  The logs 
will be returned to the team-monitoring leader following each monitoring event, in case a review 
is necessary.  Instrument logs will be turned in with data sheets and photocopies will be placed in 
the working binder.   
 
A field site log pertaining to the location, including maps, specific directions to locating sample 
sites in the field, photographs, and site characteristics (including site selection criteria particular 
to each site) will be maintained at headquarters and updated annually.  Within one week after 
each site visit, copies of the field log will be made and inserted in the working binder.  Once field 
logs are full, the original will be kept at data headquarters along with other original 
documentation.  
 
The Monitoring Program Coordinator and scientific members of the Technical Advisory 
Committee will complete an annual audit of data sheets and instrument logs. 

B.    DATA GENERATION AND AQUISITION 

1. Sampling Process Design 
Up to 30 sampling sites will be selected as part of this program with the GRWC and TAC 
participation.  The following criteria will be evaluated when choosing sampling locations: 
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• sample can be taken in main river current or where homogeneous mixing of water occurs 

(pertains to temperature and turbidity measurements); 
• sample is representative of the part of the river of interest which may include sampling 

related to implementation projects; 
• location complements or supplements historical data; 
• location represents a stream reach that possesses typical representative value for fish and 

wildlife or recreational use.  
 
Additional criteria that will help determine the location of sampling sites includes: 
 
• access (convenience in terms of time and effort); 
• safety (access and specific site conditions anticipated during periods of field data collection); 
• permission to cross private property (access agreement). 
 
The monitoring program, as outlined in task 4 of the 319h contract, requires reference sites to 
assess the effectiveness of implementation projects. These locations will be chosen upstream and 
downstream of any potential impact, and upstream and downstream of any secondary discharge 
or disturbance. 
 
Prior to final site selection, permission to access the stream is obtained from all property owners.  
If access to the site is a problem, the citizen-monitoring leader will select an alternate site.  Safety 
issues will be included in the Gualala River Watershed Monitoring Manual. 
 
The group leader will review sample sites.  Relevant site characteristics will be observed and 
recorded on the field data forms and logs.  
  
Data pertaining to date and time of sampling and weather conditions will be transcribed to the 
field data log (described in A9 above).  A catalog of site photographs will be maintained as part 
of the field data log.  See tables 6.1, 7.1, 7.2, 7.3. 

2.    Sampling Methods 
Field Observations 

Sampling Site Observations 

Site condition observations will include pertinent detail about the location of the site, access, 
special considerations, photos obtained, and sampling point location(s), as well as climatic and 
hydrologic variables.  These observations will be documented in a waterproof field data log as 
well as on data collection sheets (referred to in A9) to maintain standardization of information, 
and ensure all variables are recorded.  All forms for data collection will be included in the 
appendices for each individual protocol.  The field data pertaining to site conditions will be 
transcribed to the field data log (see A9). 
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Automated Sample Collection 
Data loggers are effective in collecting physical-chemical measurements on short time intervals 
over many days without constant staff oversight.  Data are stored on internal memory chips and 
downloaded to a computer in the field or office for further data analysis.  The only protocol 
utilizing automated sample collection in this QAPP is temperature. 

Temperature 

Temperature loggers manufactured by Onset Corp., will be programmed to sample at least 
every 96-minutes.  With 8K of internal memory, a full summer of data can be collected.  
Additionally, the 96-minute sampling interval is the minimum specified in the cooperative effort 
developed by the Forest Science Project (FSP 1998) to detect daily maxima (Appendix B).  
  
Basic considerations for site selection are presented in the modified protocol.  The primary use of 
the data at this point is for characterizing a stream reach, so placement is in a well-mixed, 
flowing section of the stream that is representative of a reach.   
 
A thermal reach is a reach with similar (relatively homogenous) riparian and channel conditions 
for a sufficient distance to allow the stream to reach equilibrium with those conditions. The 
length of reach required to reach equilibrium will depend on stream size (especially water depth) 
and morphology (TFW, 1993). A deep, slow moving stream responds more slowly to heat inputs 
and requires a longer thermal reach, while a shallow, faster moving stream will generally respond 
faster to changing riparian conditions, indicating a shorter thermal reach. Generally, it takes 
about 1000 feet of similar riparian and channel conditions to establish equilibrium with those 
conditions in fish-bearing streams. 
 
Data sheets for calibration, deployment, and site conditions accompany the data for each 
deployment and are provided in Appendix B.  Raw field data is delivered to the Forest Science 
Project (FSP) for processing and analysis according to FSP protocols.  The processed 
temperature data is then returned to the GRWC in both raw and analyzed form.  
 
Channel Measurements 
Stream channels form and are maintained by the interaction of streamflow and sediment regimes 
in a process that yields consistent average channel shape and size (Dunne and Leopold 1978).  A 
reach is a section of a stream at least 20 times longer than its average channel width (Flosi and 
Reynolds, 1994) that maintains relatively homogenous channel morphology, flow, and physical, 
chemical, and biological characteristics. 
 
The width and depth of a channel reflects the discharge and sediment load the channel receives, 
and must convey, from its drainage area.  Channels are formed during peak flow events, and 
channel dimensions typically reflect hydraulic conditions during bankfull (channel-forming) 
flows.   
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Channel form and composition is monitored at low water. The monitoring is done within a 
section of a stream called a study reach.  All locations for study reaches will be selected, 
reconnoitered  with respect to reach criteria described above, and flagged by GRWC Technical 
Committee Members (TAC) and/or  Technical Advisors before the sites are assigned to be 
surveyed.  During reach reconnaissance, locations where cross-sections and bed composition 
protocols will be implemented are flagged.   The study reach will be re-visited on a seasonal 
schedule consistent with the monitoring objectives. The study reach procedure for channel form 
monitoring is outlined below and specific information regarding basic surveying techniques is 
available in Appendix C. 
 
• The study reach is first laid out on the ground  
• Bankfull indicators are identified and bankfull width is determined 
• Three benchmarks are established 
• Three cross-sections are then located and staked  
• A longitudinal survey is performed  
• Cross-sections are surveyed 
• Bed composition protocols are performed 
• Large woody debris is surveyed 
• Riparian measurements and Canopy Density are recorded 
• Water quality tests are run 
 
The following descriptions are summaries of the measurements with reference to specific 
literature. Specific methods and the actual references for these metrics are presented in the 
appendices.  

Longitudinal (Thalweg) Profiles & Benchmarks 

The amount of variability in thalweg along a longitudinal axis in the stream is a good measure of 
complexity of the wetted stream channel.  Pools, logs, boulders, riffles, etc. add complexity to the 
channel that affect sediment transport, channel form, and fish habitat.  Changes in the thalweg 
profile reflect overall changes in the channel complexity, which are a result of channel-forming 
forces in the stream.  Reduction of complexity occurs with excessive sediment introduction.  
Increased complexity indicates a recovery from such a condition.  Thalweg profiles provide 
information on existing conditions, but are useful in trend analysis over the long term. 
 
Strictly implemented, a thalweg profile or survey, as mentioned above, measures the streambed 
elevation along the thalweg of the stream, taking particular care to measure all breaks-in-slope, 
riffle crests, maximum pool depths, and pool tail-outs.  Concurrently, while the tapes, levels, etc., 
are set up for measuring thalweg profiles, the locations of transects for cross-sections are also 
usually documented and measured (Madej, and Ozaki, 1996; Ramos, 1996).  Since it is 
impossible to uniformly arrange the longitudinal tape exactly over the thalweg, measurements 
should be perpendicularly referenced to the centerline tape, and read to within one foot.  Ramos 
suggests that as thalweg measurements intersect the point of a designated cross-section, the 
thalweg should be measured at the intersection first, and then the cross-section is surveyed before 
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proceeding upstream.  In addition to the thalweg elevations, other variables, such as water 
surface, bar height, substrate size, high water marks, and comments on local channel features 
such as pools, riffles, runs, and the presence or absence of large woody debris can be recorded.  
Subsequent analysis of the profile allows the detection of changes in the vertical dimensions of 
channel features.  Depending on the data obtained from the thalweg survey, standard parametric 
and non-parametric statistical methods can be applied to more fully interpret survey results. 
 
Depending on the study’s intent, the reach length surveyed in a thalweg profile may vary from 20 
to 50 channel widths.  Rather than channel widths, surveys can also be modeled around a specific 
number of meander segments, generally three to four, within a reach (Madej, and Ozaki, 1996; 
Trush, 1997; Rosgen, 1996).  The important consideration in selecting a specific length for a 
reach to conduct thalweg profiles is the ability of the study design to answer any questions or 
hypotheses proposed, whether it is to detect changes over time in channel aggradation or 
degradation, or to inventory available pool and riffle habitat for salmonids and other insteam 
biota. 
 
Specific methods and the actual references for Longitudinal Profile surveys are presented in 
Appendix E. 

Cross-sections  

Channel cross-section measurements provide valuable information on the shape and dimension 
of a stream channel and its relationship to the flood plain.  Coupled with other measurements, 
cross-sections measured repeatedly over a period of years provide valuable information on the 
transport and storage of sediment in the stream channel and inter-annual variation of stream 
channel geometry.  Common parameters can include width/depth ratio, bankfull depth, 
entrenchment, and flood-prone area.  For utility and ease of reference, other parameters, such as 
scour chain and bank-pin placement (for monitoring bed scour  and fill and bank erosion and 
accretion, respectively), pebble counts, riparian canopy measurements, etc., can also be combined 
and conducted at cross-section locations.  
 
Monitoring the long-term changes in cross-sectional data can provide insights into channel bed 
and bank stability, and relationships between sediment transport and discharge (Beschta and 
Platts 1986).  , For example, stream aggradation may be manifested by changes in channel 
geometry such as decreasing thalweg depth, increasing  channel width, and increasing mean bed 
elevations.  Channel incision (i.e. downcutting) may be indicative of a return to more “natural” 
conditions from previous management and/or impacts of major storms and floods (McDonald, et 
al., 1991). 
 
A typical study design can have as few as three, or as many as 15-20 cross-sections located in a 
study reach.  A reach has been variously defined as 20-50 bankfull flow widths (Kondolf and 
Micheli), one thousand meters (Knopp, 1993), or a predetermined length based on the 
geomorphic characteristics of the watercourse under study.  For example, Madej and Ozaki, 
defined a study area as 26 kilometers long in Redwood Creek from its confluence with the 
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Pacific Ocean to a slope-determined end point.  Within the study area the 26 km stream segment 
was divided into three interconnected reaches, an upper, middle, and lower reach.  A total of 58 
cross-sections were nested within the three reaches.  The end points of each reach were 
determined by major breaks in stream gradient. 
 
A cross-sectional profile is developed by measuring points along a tape measure stretched across 
the stream and recording the distance, and surveying streambed elevations at each specific point 
along the tape.  Streambed characteristics, such as changes in bottom elevations, the position of 
the field estimated bankfull height, wetted width, breaks in slope, and the deepest points in the 
particular channel feature being measured are recorded.  The end points of the cross-section 
should extend at least above the estimated bankfull stage and preferably beyond the current 
floodplain. 
 
Specific methods and the actual references for Longitudinal Profile surveys are presented in 
Appendix E. 

Pebble Counts 

One of the most widely used methods of sampling grain size from a streambed is the pebble 
count technique (Wolman, 1954).  It can be used as a simple and rapid stream assessment method 
that may help in determining if land use activities or natural land disturbances are introducing 
fine sediment into streams (Potyondy and Hardy, 1994).    Pebble counts are routinely used by 
geomorphologists, hydrologists and others to characterize bed material particle size distributions 
of wadable, gravel bedded streams.  The procedures have been adapted in fisheries studies as a 
preferred alternative to visually characterizing surface particle sizes commonly used during 
instream flow studies (Kondolf and Li, 1992).  The methodology is best applied in gravel and 
cobble streams with a single channel and are not applicable to lower gradient, sand-bed 
dominated channels.  A recent, comprehensive review of [Bunte, 2001 #641] measurement of 
streambed sediment in  wadable, gravel bedded streams describes the advantages and constraints 
of a wide variety of sampling designs. 
 
Pebble counts are conducted by randomly collecting, counting and measuring the intermediate 
diameter (b-axis) of 100, and up to 200 (Kappesser, 1993) particles from the surface of a given 
streambed.  Bunte and Abt (2001) suggest that accurate characterization of the size distribution 
of sediment for a given reach requires a sample of 400 measurements. Riffles deemed suitable 
for spawning salmonids are the preferred location for sampling efforts (Schuett-Hames, et al., 
1999).  Pebbles are collected along transects at measured points following a predetermined grid 
pattern, or by walking the streambed and picking up individual pebbles at the toe of a boot along 
a toe-to-heel, zigzag pattern. Whether the structured grid pattern or the toe-to-heel method is 
used, all transects should traverse the stream channel from the estimated bankfull to bankfull 
stage. 
 
After at least 100 pebbles are sampled cumulative size distribution curves can be developed for 
the D50, median particle size, the diameter at which 50% of the particles are finer, and the D16 
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and D84, the diameters at which 16% and 84% of the particles are finer.  Other analyses that may 
be applied are the geometric mean diameter: dg = [(D84)(D16)]0.5 and the geometric sorting 
coefficient: sg = (D84/D16)0.5 (Kondolf and Li, 1992).  As mentioned, it has been shown that 
shifts toward the lower end of the pebble count cumulative frequency curves may be indicative of 
significant increases in streambed fines from accelerated natural and or land-use disturbances.  
Conversely, a progressive coarsening of streambed surface particles may indicate improving 
conditions from past upstream and/or upslope disturbances. 
 
Specific methods and the actual references for pebble count procedures are presented in 
Appendix F. 

Large Woody Debris 

Large Woody Debris (LWD) is known to be an important structural element of stream channels.   
It improves juvenile Coho salmon and steelhead trout summer rearing habitat by increasing the 
numbers and depths of pools.  Large amounts of LWD also increase winter cover that is critical 
for salmonid protection from predation and the reduction of water velocity. 
 
Beechie and Sibley (1997) concluded that when the number of LWD pieces (>8 inches in 
diameter) reached about 122 pieces /1,000 Ft., pool formation is less sensitive to further 
increases in LWD loading.  Similarly, Martin (1999) found that the effectiveness of LWD for 
forming pools in alluvial channels was diminished when the LWD load exceeded a threshold of 
approximately 137 pieces.  LWD loading (m3 of LWD per 100 m of channel length) in surveyed 
stream reaches in northern California have been compiled and may provide another useful basis 
for assessment of LWD abundance [O'Connor Environmental, 2000 
#687].www.fire.ca.gov/bof/pdfs/garcia_LWD_final.pdf 
 
To monitor large woody debris we use an inventory method developed in partnership by GRI and 
the GRWC after reviewing other accepted techniques.  It is designed to allow sorting and 
recompiling of data to answer different questions over time.  A measurement is made of every 
piece that breaks the plane of the bankfull line and is at least 6” in diameter on the small end and 
4’ long.   
 
Specific methods and references for monitoring  LWD are presented in Appendix G. 

Riparian Measurements and Canopy  

Riparian, or streamside forest, provides habitat for many types of wildlife, shades the creek 
keeping water temperatures cool for salmon and trout, and protects creek banks. When a tree is 
undercut and falls into the creek it becomes the large wood, and essential element for fish habitat. 
There are several features of riparian forest that indicate its value as habitat and as part of the 
stream system. The density and diversity of plant species, the width of the riparian corridor 
beyond the edge of the creek scour channel, the size of the trees in the corridor and the 
occurrence of dead trees, vines, downed wood and other features, all describe the habitat value of 
the forest for birds, mammals, reptiles, amphibians and salmonids. 
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The density of the streamside tree canopy creating shade over the creek, and the availability of 
large trees along the banks to become wood in the stream are features of the riparian forest, 
which relate to salmon and trout habitat in the creek channel.  The extent of creeks in the 
watershed with dense riparian corridor indicates where water temperatures are likely to be low. 
By assessing the riparian area the current conditions of the riparian areas will be documented and 
these current conditions can be compared throughout the watershed. The objective of the riparian 
assessment is to understand and identify areas in need of restoration and enhancement.  In 
addition, monitoring over time will provide the opportunity to investigate the relationship 
between riparian stand conditions and LWD recruitment to stream channels and effect on aquatic 
habitat.  
 
The riparian surveys use the Forest Projection System (FPS) developed by Dr. Jim Arney of 
Forest Biometrics.   Riparian forest stands will be inventoried by identifying a sample of trees by 
species within 20th  acre plots at 200 ft intervals along the established monitoring reaches. The 
20th  acre fixed plots are run up-hill from bank-full to 100 feet and are 21.8’ wide.  
Measurements of live trees, snags, down-logs and understory vegetation are documented.  
 
Canopy density is measured using a spherical densiometer to record the riparian vegetation 
shading the creek. The measurements are taken in conjunction with the riparian surveys.  
Measurements are taken at five points at the established riparian plot sites: center of channel, 
bank-full (right & left), and 50 ft. inland from the bankfull point.  Four readings per location are 
made first facing upstream, left bank, downstream, and right bank then the results are averaged to 
provide an estimate of canopy cover for that point. 
 
Specific methods and the actual references for canopy and riparian monitoring  procedures are 
presented in Appendix H. 

Biological Sample Collection 

Freshwater benthic macro invertebrates include worms, snails, clams, crustaceans, aquatic 
beetles, the nymph form of mayflies, stoneflies, dragonflies and damselflies and larval form of 
caddisflies and true flies. They are a minimum of 0.5 mm in length and live primarily on 
instream boulder, cobble or gravel substrate. They are most easily categorized into feeding 
guilds, species that obtain a common food source in a similar manner.  The most common 
feeding guilds are shredders, filter-collectors, collect-gatherers, scrapers-grazers, and predators.   
 
The physical structure of rivers and streams are measured by stream order, which is related to 
watershed size.  Stream order influences the assemblage of benthic macro invertebrates.  The 
Gualala River mainstem is a fourth order stream, all other tributaries within the basin are of 
smaller order.  The predominant feeding guilds in fourth order streams are scrapers, which 
consume the algal growth associated with a more open canopy cover and collectors utilizing the 
high amount of fine particulate organic matter, which has drifted downstream.  Shredders, which 
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process leaf litter and other forest debris, and collectors, which further process shredder 
excrement, usually dominate first and second order streams. 
 
Macroinvertebrate samples will be obtained using the methodology outlined in the California 
Stream Bioassessment Procedure (CDFG 1999).  Sampling sites will be selected according to 
guidance provided in those protocols as well as knowledge of the watershed and land uses 
upstream of the site. 
 
Other interesting, descriptive, or unusual biota will be noted in the field log at the time of 
sampling to provide additional qualitative information on the relative health of the water body. 

Stream Discharge, Turbidity, and Total Suspended Solids 

The measurements and data analysis presented below describe a limited monitoring program 
utilizing field observations and measurements collected by monitoring personnel that could be 
used to quantitatively characterize the magnitude of the measured parameters.  Although the 
protocol provides for the collection of quantitative data, the interpretation of the data is limited 
by high sample variance and small sample size.  A statistically robust data set that could 
potentially be used to assess trends or cause-effect relationships between water quality and land 
management would require at minimum a continuous data record that could be produced only by 
automated samplers, supplemented by a field monitoring program comparable to that presented 
here.   It would be possible for committed field personnel to produce a valuable data set using 
this monitoring protocol, however, the investment of time and effort would be high.   
 
Simultaneous measurements of stream discharge (instantaneous rate of flow in units of cubic feet 
per second), water turbidity, and total suspended solids in the water column form a discrete 
component of the monitoring program that can be conducted during periods of storm runoff from 
October through the end of the rainy season.   Monitoring sites will require installation of a 
monumented cross-section, a staff plate allowing observation of water surface elevation surveyed 
in the cross-section, and must be relatively accessible and safe for sampling during periods of 
runoff.    
 
The field protocol includes observations of time and stream stage, collection of a depth integrated 
water sample for subsequent lab analysis of suspended solids, collection of a surface grab sample 
for field measurement of turbidity, and measurement of stream discharge (requires at least 0.5 
hours of wading and measurement of stream velocity with a current meter).  Supplemental data 
on flow velocity at the water surface will be collected using a float test.  The relationship 
between stream discharge and surface velocity will be used to improve the accuracy of estimated 
stream discharge during periods when in-stream measurements are not possible or unsafe.  
Following the discharge measurement, a second set of stage and water samples are collected.  
Observations of stage, turbidity, and suspended solids immediately before and following 
discharge measurements are intended to account for variability of conditions in the short-term, 
including potentially rapid changes in stream stage and discharge.  
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The surface grab sample for field measured turbidity should be taken as near the channel thalweg 
as possible, and must be collected from a location where flow is well-mixed.  The same criteria 
apply to the depth integrated sample.  Samples for turbidity will be processed immediately in the 
field.  Samples for suspended solids will be labeled and refrigerated and will be transported to a 
contract laboratory as soon as possible, normally within 72 hours.  Chain of custody forms will 
be maintained for these samples.    
 
Stream discharge measurements typically require measurement of stream velocity at a minimum 
of 10 points, and preferable 20, in the cross-section.  These measurements necessarily include 
periods of storm runoff.  Safety considerations are paramount, and it is anticipated that there will 
be periods of flow when field personnel will determine that in-stream measurements are not 
sufficiently safe.  In recognition of this reality of field work in streams, supplemental 
observations of surface velocity are included in the monitoring protocol.   
 
Specific methods and the actual references for canopy and riparian monitoring  procedures are 
presented in Appendix I. 

Photo Documentation 

Photos of the downstream end of the reach are taken to document location of benchmarks used to 
relocate and resurvey the reach.  In addition, instream photo monitoring using photos taken both  
upstream and downstream from station zero, at each cross-section station, and at end of the reach 
is conducted to record general channel conditions and assist in interpretation of channel change 
over time.  No formal analysis of photos is conducted.  Specific methods are included in the 
monitoring procedure where photo documentation is part of the methodology (i.e. longitudinal 
profiles, cross-sections). 

3. Sample Handling and Custody 
Field teams will collect data with a team leader supervising.  All data sheets and instrument logs 
will be turned into the team leader who will check the data for quality and  completeness.  As 
noted above, chain of custody will be documented for water samples collected for laboratory 
processing, withshipment to laboratory based on the protocols for the individual metrics. Chain 
of custody (COC) forms will be maintained for all samples.    

4. Analytical Methods 
The parameters being measured as part of this QAPP are physical in nature and do not involve 
analytical methods, with the exception of turbidity and total suspended solids.  Turbidity 
measurements will be collected using a field instrument approved for this purpose by the 
California Regional Water Quality Control Board, North Coast region (RWQCB).   Total 
suspended solids would be determined using EPA Method 160.2.  Additional information 
regarding these methods is provided in Appendix I.  
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5. Quality Control Requirements  
Each of the parameters being used in this QAPP has an associated Quality Control, which is 
addressed in the Appendices.  
 
Field data sheets will be checked and signed in the field by the monitoring leader.  For laboratory 
samples the monitoring team leader will discard any results where holding times have been 
exceeded, sample identification information is incorrect, samples were inappropriately handled, 
or calibration information (recorded in the instrument logs) is missing or inadequate.  Following 
each event, the team leader will collect the field notebooks and data sheets.  All notebooks and 
data sheets will then be copied and stored in a site-specific binder.  The binder and the original 
data will be stored in a specied location. 
 
Independent laboratories will report their results to the monitoring leader.  The leader will verify 
sample identification information, review the chain-of-custody forms, and identify the data 
appropriately in the database.   
 
Data sheets and data files will be reviewed quarterly by the technical advisors to determine if the 
data meet the Quality Assurance Project Plan objectives.  They will identify outliers, spurious 
results or omissions to the citizen-monitoring leader.  They will also evaluate compliance with 
the data quality objectives.  They will suggest corrective action that will be implemented by the 
citizen-monitoring leader.  Problems with data quality and corrective action will be reported in 
final reports. 
 
If data do not meet the project’s specifications (see Table 7.2 –error tolerance), the following 
actions will be taken.  First, the technical advisors will review the errors and determine if the 
problem is equipment failure, calibration/maintenance techniques, or monitoring/sampling 
techniques.  If the problem cannot be corrected by  re-training, revision of techniques, or 
replacement of supplies/equipment, then the technical advisors and the TAC will review the 
DQOs and determine if the DQOs are feasible.  If the specific DQOs are not achievable, 
the parameter should be eliminated from the monitoring program.  

 6. Instrument/Equipment Testing, Inspection and Acceptance 
Maintenance 

All sampling equipment will be inspected for broken or missing parts, and will be tested to 
ensure proper operation.  Inspection of equipment will occur as a pre-sampling check prior to use 
or as indicated by an exceeded QC limit.  Maintenance will be performed in accordance with 
manufacturers recommendations or more frequently if problems are identified by QC checks. 

Final Version 3.1 4/1/2008

Kathleen Morgan
Pencil



 

 

Gualala River Watershed QAPP                                          Page 22                                              
   

Testing, inspection, and calibration for each specific piece of equipment are addressed in the 
Appendices. The following is a list of equipment that will be needed for the parameters being 
measured in this QAPP: 
   

Onset Hobo Temperature Data Loggers  
Non-Mercury Thermometers (NIST certified) 
Engineers Level, tripod, Stadia rod, 8” carpenter level 
Compass 
Clinometer 
Densiometer 
Calculator 
Camera 
200’ Fiberglass 2-sided tape, 150” Fiberglass tape, Spenser tape, 25’steel tapes, 
clear metric rulers 
(optional) Turbidometer, field unit (issued by RWQCB to GRWC) 

 
Additional equipment that will be used but will not require any testing, QA/QC related 
inspection or maintenance will include: 

 
Fence Posts 
D-shaped kick net (0.5 mesh) 
Lag Bolts & Driver 
3’ Rebar 
Flagging 
Rudd Paint 
Aluminum & Code Tags 
Sledge Hammer 
Fence Post Pounder 
Clippers & Machete 

7. Instrument/Equipment Calibration and Frequency 
The equipment calibration and frequency is addressed for each protocol where equipment needs 
to be calibrated. This includes the calibration of the data loggers discussed in the temperature 
protocol (Appendix B) and the calibration of the turbidometer used in the optional water quality 
protocol (Appendix I). 

8. Inspection/Acceptance of Supplies and Consumables 
The inspection of supplies and consumables for the macroinvertebrate sampling are outlined in 
California Stream Bioassessment Procedure. Inspection of equipment will occur as a pre-
sampling check prior to use or as indicated by an exceeded QC limit.  Maintenance will be 
performed in accordance with manufacturers recommendations or more frequently if problems 
are identified by QC checks. 
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9. Non-direct Measurements 
N/A to project 

10.   Data Management 
Refer to A9 above for discussion regarding handling of data sheets and instrument logs.  The 
designated data management coordinator will review the field sheets and enter the data deemed 
acceptable by the citizen monitoring leader(s) and the technical advisors.  Data will be entered 
into a spreadsheet or a database using a format that is approved by the RWQCB. The data 
coordinator will review electronic data, compare to the original data sheets and correct entry 
errors.  After performing data checks, and ensuring that data quality objectives have been met, 
data analysis will be performed. Summary statistics will be generated annually. 
 
Raw Data 
Raw data will be provided to the State WRCB and RWQCB in electronic form at least once 
every year so that it can be included in the 305(b) report and referenced for other watershed 
improvement projects and/or studies.  Appropriate quality assurance information can be provided 
upon request.  This should occur when the data files are updated and backed up (see A9 above). 
Refer to B2, B3 and B5 for additional discussion regarding data quality control processes.   
 
Analysis  

Temperature  

Raw temperature data will be processed according to the methods outlined in the FSP protocols.  
A core set of metrics will be calculated from the data on a seasonal basis.  These will include: 

 
• daily minimum 
• daily maximum 
• daily average 
• seven-day moving average of the daily mean 
• seven-day moving average of the daily maximum 

 
Yearly summary statistics calculated from the daily and weekly data will be produced for each 
site for each year.  Yearly site-specific statistics of the seasonal maximum for the Maximum 
Weekly Average Temperature (MWAT) and the seasonal Maximum (Max) will be produced in 
chart form for each Super Planning Watershed (NCWAP Synthesis Report, 2002).   

Longitudinal (Thalweg) Profiles & Benchmarks 

Subsequent analysis of the channel profile may reveal subtle changes in channel morphology 
resulting from small scale shifts in bed sediment associated with low-magnitude annual floods 
and will document major changes in the stream bed that may result from high-magnitude floods 
that occur relatively infrequently.  A core set of metrics will be calculated from the thalweg 
elevation data on an annual basis.  These will include: 

• channel slope 
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• a plot of the thalweg profile and associated summary data used  to evaluate:  
o local changes in bed conditions, including location and depth of pools 
o changes in channel elevation relative to base year elevation 

• Variation Index (Madej, 1999), a metric developed in northern California to evaluate 
channel response to and recovery from bed aggradation. 

 
Summary statistics for slope, the thalweg profile and channel elevation are calculated by using an 
Excel database developed for Gualala Redwoods, Inc.  The Variation Index is a means  to 
quantifying variability in a longitudinal channel profile and is calculated by using the Longpro 
database developed by the USGS and Redwood National Park. 

Cross-sections  

Analysis of the cross-sectional profile may reveal changes in streambed elevation, bank stability, 
bankfull width/depth ratio, and channel scour and/or fill (aggradation/degradation).  A core set of 
metrics will be calculated on an annual basis.  These will include: 

 
• bankfull width/depth ratio 
• a cross-sectional profile plot to evaluate changes in streambed  elevation and bank 

stability. 
• changes in channel elevation relative to base year elevation 
• channel scour and/or fill (Madej, 1999) 

 
Summary statistics for bank-full width/depth ratio are calculated by using the CDF&G protocol.  
The cross-sectional profile plot and the channel elevation change are calculated by using an 
Excel database developed by Gualala Redwoods, Inc.  Channel scour and/or fill is calculated by 
using the Winscour database developed by the USGS and Redwood National Park 

Pebble Counts 

It has been shown that shifts toward the lower end of the pebble count cumulative frequency 
curves may be indicative of significant increases in streambed fines from accelerated natural and 
or land-use disturbances.  Conversely, a progressive coarsening of streambed surface particles 
may indicate improving conditions from past upstream and/or upslope disturbances.  A core set 
of metrics will be calculated on an annual basis.  These will include: 

 
• d50, median particle size, the diameter at which 50% of the particles are finer 
• d16, the diameter at which 16% of the particles are finer 
• d84, the diameter at which 84% of the particles are finer 

 
Summary statistics for the particle size diameters will be provided for individual sites and 
averaged by study reach. Other analyses that may be applied on a site-specific basis are the 
geometric mean diameter, dg = [(D84)(D16)]0.5, and the geometric sorting coefficient, sg = 
(D84/D16)0.5 (Kondolf and Li, 1992).   

Large Woody Debris 
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Beechie and Sibley (1997) concluded that when the number of LWD pieces (>8 inches in 
diameter) reached about 122 pieces /1,000 Ft., pool formation is less sensitive to further 
increases in LWD loading.  Similarly, Martin (1999) found that the effectiveness of LWD for 
forming pools in alluvial channels was diminished when the LWD load exceeded a threshold of 
approximately 137 pieces.   
 
Calculating the size, position and number of LWD pieces within a survey reach will allow 
monitoring of natural LWD recruitment and assist in planning and monitoring future LWD 
restoration plans.  A core set of metrics will be calculated from the data on an annual basis.  
These will include: 

 
• cubic feet of LWD per 1,000 feet (also determined in units of m3/100 m) 
• number of LWD pieces per 1,000 feet 

 
Yearly summary statistics are reported by monitoring study reach.  A comparison of LWD load 
in each sample reach to the frequency distribution for regional values may be provided.  

Riparian Measurements and Canopy  

Subsequent analysis of riparian data allows the calculation of the riparian habitat within the study 
reaches.  A core set of metrics will be calculated from the riparian surveys and canopy  data on an 
annual basis.  These will include: 

 
• canopy density at center of channel, bank-full and 50’ into the riparian zone 
• riparian composition  
• basal area 
• tree height 

 
Summary statistics for canopy density, riparian composition and basal area are averages for the 
study reach sites.  Tree height is calculated by averaging the height of the 100 tallest trees per 
acre. 

Turbidity  

If and when turbidity data are collected, simultaneous measurement of stream discharge must 
occur.  The turbidity data would be summarized in tabular format, including collection time and 
date, location of sample site, and stream discharge.  In addition, for each sample station, a scatter 
plot showing turbidity as a function of stream discharge will be presented, and a linear regression 
analysis will be performed using stream discharge as the independent variable and turbidity as 
the dependent variable.  If a relatively large data set is collected, it is expected that turbidity will 
be correlated with discharge. 

Stream Discharge 

In addition to the data report above, stream discharge observations will also be computed in 
terms of discharge per unit watershed area for comparison to continuous gauge data collected at 
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the North Fork, Wheatfield, and South Fork gauges.  If a relatively large data set is collected, it is 
expected that discharge will be correlated with one of the continuous gauges, and that a 
predictive relationship using linear regression can be developed whereby the continuous gauge 
data can be used to estimate discharge in smaller tributary watersheds based on drainage area.     

Total Suspended Solids 

These data are collected to determine the extent to which turbidity is correlated with suspended 
sediment transport.  To the extent that these parameters are correlated at a monitoring site, 
turbidity data can be interpreted as an estimator for sediment load.  Where available, total 
suspended solids will be reported in the summary table along with turbidity and discharge data.   
In addition, for each sample station, a scatter plot showing total suspended solids as a function of 
turbidity will be presented, and a linear regression analysis will be performed using turbidity as 
the independent variable and total suspended solids as the dependent variable.  If a relatively 
large data set is collected, it is expected that total suspended solids will be correlated with 
turbidity.  For individual sampling stations, a predictive relationship will be developed using 
linear regression which relates total suspended solids to turbidity.  It is anticipated that the 
number and frequency of collection of samples for analysis of total suspended solids will 
decrease over time, once the predictive relationship is established.   

Biological Sample Collection 

Benthic macro invertebrate biotic condition is commonly measured by species richness, species 
composition, and tolerance/intolerance metrics.  Species richness and composition tend to 
decrease in response to habitat disturbance.  Harrington (2000) developed the Russian River 
Index of Biological Integrity, which includes six metrics:  
 

• taxa richness 
• percent dominant taxa 
• EPT taxa 
• modified EPT taxa 
• Shannon diversity 
• tolerance value 

 
These six metrics will be integrated into a single score, which is compared to determine biotic 
condition categories: excellent (30-24), good (23-18), fair (17-12), and poor (11-6). 

C.    ASSESSMENT AND OVERSIGHT ELEMENTS 

1. Assessment and Response Actions 
Review of all field and data activities is the responsibility of the monitoring leader, with the 
assistance of the TAC.  The monitoring leader, or a technical advisor will accompany volunteers 
on the 1st and 2nd  sampling trips.  If possible, volunteers in need of performance improvement 
will be retrained.  All volunteers must attend a refresher course offered annually by the GRWC, 
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SRCD or other recognized agency or entity.  If errors in sampling technique are consistently 
identified, retraining may be scheduled more frequently. 
 
Within the first three months of the monitoring project, State WRCB staff, or its designee, will 
evaluate field and laboratory performance and provide a report to the citizen-monitoring group.  
All field and laboratory activities, and records may be reviewed by state and EPA quality 
assurance officers as requested.  If corrective action is required, State WRCB and the Regional 
WQCB staff will work with the SRCD and monitoring group to implement improvements. 

2. Reports 
The technical advisors will review draft reports to ensure the accuracy of data analysis and data 
interpretation.  Raw data will be made available to data users per their request.  The individual 
citizen monitoring organizations will report their data to their constituents after quality assurance 
has been reviewed and approved by their technical advisors.  Every effort will be made to submit 
data and/or a report to the State and/or Regional Board staff in a fashion timely for their data 
uses, e.g. 305(b) report or special watershed reports. 

D.    DATA VALIDATION AND USABILITY ELEMENTS 

1. Data Review, Validation and Verification 
Data sheets will be reviewed quarterly by the technical advisors to determine if the data meet the 
Quality Assurance Project Plan objectives. They will identify outliers, spurious results or 
omissions to the monitoring team leaders. They will also evaluate compliance with the data 
quality objectives. They will suggest corrective action that will be implemented by the citizen-
monitoring leader. Problems with the data quality and corrective action will be reported in final 
reports. 

2. Validation and Verification Methods 
As part of the standard field protocols, any sample readings out of the expected range will be 
reported to the monitoring team leader. A second sample will be taken as soon as possible to 
verify the condition. It is the responsibility of the team monitoring leader to re-train volunteers 
until performance is acceptable. 

3. Reconciliation with User Requirements 
All references are contained in the appendices. 
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Introduction 
 
Background 
This protocol has been adapted in large part from the Forest Science Project’s Protocol (FSP 
1998).  Stream temperature is one of the most important environmental factors affecting aquatic 
ecosystems. The vast majority of aquatic organisms are poikilothermic--their body temperatures 
and hence their metabolic demands are determined by temperature. Temperature has a significant 
effect on cold-water fish, both from a physiological and behavioral standpoint. Below is a brief 
list of the physiological and behavioral processes affected by temperature (Spence et al., 1996): 

• Metabolism 
• Food requirements, appetite, and digestion rates 
• Growth rates 
• Developmental rates of embryos and alevins 
• Timing of life-history events, including adult migrations, fry emergence, and 

smoltification 
• Competitor and predator-prey interactions 
• Disease-host and parasite-host relationships 

 
This protocol sets forth a sampling approach that will provide consistent data that can be used to 
address stream temperature issues at broad regional scales, i.e., watershed, basins, and regions.  
 
Scope and Application 
The field methods described in this protocol are for obtaining representative stream temperatures 
from perennial streams for regional monitoring. The field methods are specifically applicable for 
the deployment of continuous monitoring temperature sensors (e.g., Hobo Temps, Temp 
Mentors, Stowaways, etc.) for the purpose of identifying diurnal changes in temperature, 
seasonal changes in thermal regime as well as seasonal changes.   Possible interferences in the 
accurate and precise measurement of stream temperature include: 1) exposure of the sensor to 
ambient air, 2) improper calibration procedures, including date and time settings, 3) improper 
placement of the sensor in the stream, 4) low battery, 5) inherent malfunctions in the sensor or 
data logger, and 6) vandalism. 
 

 
 
 
 

Appendix B 
Water Temperature Monitoring 
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Summary of Method 
All continuous stream temperature monitoring sensors should be calibrated against a National 
Institute of Standards and Technology (NIST) traceable thermometer. Sensors not meeting 
precision and accuracy data quality objectives should not be used. Sensors should be placed in a 
well-mixed zone, e.g., at the end of a riffle or cascade. Monitoring location should represent 
average conditions — not pockets of cold water refugia or isolated hot spots. Location of 
sampling points should either avoid or account for confounding factors that influence stream 
temperatures such as: 

• confluence of tributaries 
• groundwater inflows 
• channel morphology (particularly conditions that create isolated pools or segments) 
• springs, wetlands, water withdrawals, effluent discharges, and other hydrologic factors 
• beaver ponds and other impoundments 

 
The sensor should be placed toward the thread or thalweg of the channel. Keep in mind that flow 
will decrease throughout the summer resulting in an exposed sensor. The thermistor portion of 
the device should not be in contact with the bottom substrate or other substrate that may serve as 
a heat sink (e.g., bridge abutment or boulder). Secure the sensor unit to the bottom of the channel 
with aircraft cable, surgical tubing, rebar, or diver’s weights. The sensor should be set to record 
temperatures at sampling intervals that should not exceed 1.6 hours (96 minutes). 
 

Equipment and Supplies 
 
Calibration and Standardization 
Prior to deployment of sensors, calibration of each sensor must be performed. The following is a 
list of equipment and supplies for calibration: 

• NIST traceable thermometer - resolution of 0.2ºC or better, an accuracy of ±0.2ºC or 
better. 

• controlled-temperature water bath, or water-filled thermos 
• ice chest 
• laboratory notebook 
• ice 

 
Field Measurements  
There are several useful materials and pieces of equipment that should be taken to the field to 
install or service temperature sensors. These include: 

• securing material such as zip ties, bailing wire, aircraft cable, surgical rubber tubing, 
locks, rebar, cinder blocks, large rocks with drilled holes, diver’s weights 

• GPS w/extra batteries 
• surveyors marking tape or flagging 
• sledge hammer (e.g., two-pound) 
• wire cutters and/or pocket knife 
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• thermistor equipment items (silicone rings, submersible cases, silicone grease, silica 
packets) 

• portable computer or interface for data downloading and launching 
• backup batteries and thermistors 
• timepiece/watch 
• Rite-in-the-Rain field book w/ extra field sheets 
• NIST-traceable auditing thermometer 
• waders 
• camera and film 
• brush removal equipment (e.g., safety axe) 
• maps and aerial photos 
• first aid kit 
• spray paint, rags and clean up cloths 
• metal stakes or spikes, rebar 

 

Pre- and Post-Deployment Calibration and Standardization 
 
A. A NIST-traceable thermometer must be used to test the accuracy and precision of the 

temperature sensors. The NIST-traceable thermometer should be calibrated annually, with at 
least two calibration points between 10ºC (50ºF) and 25ºC (77ºF). Calibrations should be 
performed using a thermally stable mass of water, such as a controlled-temperature water 
bath, or water-filled thermos or ice chest. The stable temperature of the insulated water mass 
allows direct comparison of the unit’s readout with that of the NIST-traceable thermometer. 
Accuracy of the NIST-traceable thermometer must be within ±0.5ºC. 

 
B. Prior to use, all continuous monitoring devices should be calibrated at room temperature 

(~25ºC, 77ºF) and in an ice water bath to insure that they are operating within the accuracy 
over the manufacture’s specified temperature range. Calibrate all continuous monitoring 
devices with a NIST-traceable laboratory thermometer at two temperatures, room temperature 
(i.e., ~77ºF, 25ºC) and near the freezing point of water as follows:  

 
When calibrating and prior to deployment, set all units to the same current date and 
synchronize all devices using an accurate watch/clock that will be used to time the recording 
intervals of the reference thermometer. Call for the correct time. 
 
Set the record interval of each thermograph to a short period, six to 30 seconds. 
Record the date, sensor serial number, data logger serial number, and analyst’s name in a 
laboratory notebook. Table 1 is an example of a format that can be used for data collection. 
The same sensor and same data logger should be deployed in the field as they were paired 
together during calibration. 
 
Place the reference thermometer and the continuous monitoring devices in a five-gallon pail 
filled with about three gallons of water that has reached room temperature overnight or in a 
controlled-temperature water bath that has reached room temperature (~77ºF, 25ºC). Make 
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sure the casings of all continuous monitoring devices are completely submerged. Stir the 
water, just prior to, and during the calibration period to prevent any thermal stratification.  

 
After allowing 10 to 20 minutes for the continuous monitoring devices to stabilize, begin 
recording data for a 10-minute interval. Record the time, the reference thermometer 
temperature, and the continuous monitoring device temperatures measured at the 
predetermined sampling frequency (e.g., 6 second, 10 second) used during the 10-minute 
interval. After all readings are completed, calculate the difference between the reference 
thermometer and each of the continuous monitoring devices for each reading and calculate 
the mean difference. Record the data using a format similar to that shown in Table 1. 

Table 1. Example of Calibration Data Collection Table 

 
4/12/98 

Sensor Serial Number = 10043 
Data logger S.N. = 2S256S 

Analyst: Joe 
Celsius 

Reference 
Thermometer No. 

412 
 

Time 
(sec) 

 
NIST Thermometer Reading 

 (ºC) 

 
Device Reading 

 (ºC) 

 
Difference 

 (ºC) 
0 25.0 24.8 -0.2 

10 25.1 25.0 -0.1 
20 25.0 24.9 -0.1 
30 25.2 25.0 -0.2 
40 25.0 24.6 -0.4 

Etc.
  Mean = 24.9 

S.D. = 0.16
Mean Diff. = -0.16 

 
C. Any continuous monitoring devices not operating within their specified accuracy range 

should be thoroughly scrutinized. If a particular device returns readings that are outside of the 
manufacturer’s accuracy limits, but is still precise, then a correction factor (addition and/or 
multiplication) can be applied to the data. Precision should be within 0.2 standard deviations 
(S.D.) of the mean. Acceptable precision should be observed over the range of temperatures 
that will be experienced in the field. The correction factor, when applied over the calibration 
range, should give temperature values that are within the accuracy limits of the device. If 
units are inaccurate and imprecise they should not be used. 

 
D. Using the same water bath, add enough ice to nearly fill the bucket and bring the temperature 

down to nearly freezing. Stir the ice bath to achieve and maintain a constant water 
temperature. Place the reference thermometer and the continuous monitoring devices in the 
water bath or five gallon pail. Again, make sure that the casings are completely submerged. 

 
E. Repeat steps 2B-D with ice water bath. 
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Response time (time constant) is the time 
required by a sensor to reach 63.2% of a 
step change in temperature under a 
specific set of conditions. Response time 
values should be provided by the 
manufacturer. Five time constants are 
required for the sensor to stabilize at 
100% of the step change value. Ten time 
constants are recommended to ensure that 
the reference thermometer has reached 
equilibrium with the stream temperature. 

F. Also confirm that thermograph batteries have sufficient charges for the entire monitoring 
period (will the length of the upcoming field season fit into the life expectancy of the unit’s 
lithium batteries?). 

 
G. Calibration (post-deployment calibration) should also be repeated when sensors are retrieved 

at the end of the sampling season. Repeat steps 2A-F. 

Quality Assurance and Quality Control 
 
Laboratory 
Precision and accuracy should be 0.2 SD and ±0.5ºC, respectively for each continuous 
monitoring device. 
 
Monitoring equipment with detachable sensors must be marked in order to match the sensor with 
the data logger. This allows instrument and sensor to be calibrated and tested prior to 
deployment, and also makes malfunctions easier to diagnose and correct. A logbook must be kept 
that documents each unit’s serial number, calibration date, test results, and the reference 
thermometer used (Table 1). 
 
Field 
In addition to laboratory quality control checks, temperature monitoring equipment should be 
audited during the field season if possible.  A field audit is a comparison between the field sensor 
and a hand-held NIST-traceable reference thermometer. The purpose of a field audit is to ensure 
the accuracy of the data and provide an occasion for corrective action, if needed. A minimum of 
two field temperature audits should be taken during the sampling period — one after deployment 
when the instrument has reached thermal equilibrium with the environment, and ideally one prior 
to recovery of the device from the field. Reference thermometers used for field audits must meet 
the same specifications as those used for laboratory calibrations: accuracy of ±0.5ºC, resolution 
of 0.1ºC.  Exercise caution with mercury thermometers in the field. 
 
A field audit is performed as follows: 
 

Place the reference thermometer in close proximity to the continuous monitoring device. 
 

Record the reference thermometer temperature 
and the sensor temperature in a field notebook. A 
stable reading is usually obtained within 10 
thermal response units or time constants. For 
example, a reference thermometer with a ten-
second time constant should give a stable reading 
in 100 seconds. 

 
Post-processing audit accuracy must be within 
±0.5ºC . 
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Data loggers typically set date and time based on the set-up computer’s clock. It is 
important that field personnel synchronize their watches to the computer clock’s time. Prior 
to the field audit, the computer clock should be set to the correct date and time by calling 
for the correct Pacific time.  
 

Procedures 
 
Water temperatures vary through time and space. The temporal and spatial aspects of deploying 
stream temperature monitoring devices is discussed in the following sections. 
 
Temporal Considerations of Sensor Deployment 
 
Sampling Window 
Launch sensors to capture the hottest period of the field season, which will vary with watershed 
location. Coastal streams in Humboldt and Del Norte Counties require deployment at least during 
July, August, and September; whereas Mendocino County and more inland streams may require 
longer recording periods (June-October) (FFFC, 1996).  For consistency it is recommended that 
the sampling window be from June 1 to October 1.  This sampling window will ensure that the 
highest temperatures during the summer will be captured in the data set. 
 
Sampling Frequency 
The time interval between successive temperature readings can be adjusted from every few 
seconds, to every few hours, to every few days, for most continuous monitoring devices. Table 2 
shows some of the typical sampling frequencies and the number of days the device can be left in 
the field prior to data downloading. In most monitoring activities, the primary objective is to 
determine the highest temperatures attained during the year. Thus, one of the deciding factors in 
setting the sampling frequency on a device will be to ensure that the daily maximum temperature 
is not missed.  
 
The more frequent the monitoring, the more precisely the duration of daily maximum 
temperature can be characterized. The disadvantage of frequent data collection is reduced 
number of days of data storage and increased number of data points to be analyzed. Some 
agencies and other groups have found that an 80-minute sampling interval still captures the daily 
maximum stream temperatures for sites (OCSRI, 1996). If a less frequent sampling interval is 
desired, then a pilot study must be performed with monitoring at 30-minute intervals over a one 
to two week period during the hottest time of the year to determine how rapidly stream 
temperatures change. Pilot study information can provide information on the time interval most 
appropriate for capturing the daily maximum. 
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Table 2. Typical Sampling Frequencies and Storage Capacity of a Hobo® Data Logger 
Used for Stream Temperature Monitoring   

2K Memory / 1,800 Meas.8K Memory / 7,944 Meas.32K Memory / 32,520 Meas.Sample 
Frequency  
 37.5 days 165 days 677 days 30 min 
 45 days 198 days 813 days 36 min 
 60 days 264 days 1084 days 48 min 
 75 days 331 days 1355 days 1 Hr 
 90 days 397 days 1626 days 1.2 Hr 
 120 days 529 days 2165 days 1.6 Hr 
 150 days 662 days 2710 days 2 Hr 
 180 days 799 days 3270 days 2.4 Hr 
 240 days 1050 days 4300 days 3.2 Hr 
 360 days 1590 days 6540 days 4.8 Hr  
Note:BoxCar and LogBook software's launch menu allows the user to choose from 42 intervals 

ranging from 0.5 seconds to 4.8 hours. The table shows the most likely settings that may be 
used for stream temperature monitoring. Mention of trade names does not denote 
endorsement by the Fish, Farm, and Forests Community Forum, the Forest Science Project, 
or any of their cooperators. 

 
Selection of appropriate sites for monitoring is dependent upon the purpose and monitoring 
questions being asked. There are two scales of consideration for the appropriate monitoring site: 
selection of a sample point or location in the stream which provides representative data and the 
broader strategy of selecting sites that can provide useful information to answer the questions 
being asked. 
 
Data Downloading 
It is preferable to have the data cover the entire monitoring without interruptions. However, if 
data must be downloaded during the monitoring period due to insufficient data logger memory, 
record the date and time the sensor was removed from the stream and the date and time when it 
was returned to the stream. Some models may allow for downloading of data without interruption 
or removal of the sensor from the stream. Be sure to return the sensor to the same approximate 
location and depth after downloading. During a field visit for data downloading or auditing, 
record in the field notebook whether the sensor was exposed to the air due to low flow, 
discontinued flow, or vandalism. This information will be valuable for verification and validation 
of the data in the office. 
 
Mid-Season Field Audit/Calibration Check 
If data downloading is performed in mid-season, an opportunity for a mid-season field audit and 
calibration check presents itself. See Field Section  for mid-season field audit and calibration 
procedures. 
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Spatial Considerations of Sensor Deployment 
 
Stream Sample Point Location 
The simplest and most specific scale is a sampling point on a stream.  Here, the focus is on 
sample collection methods that will reduce variability and maximize representativeness. 
 
Monitoring must record daily maxima at locations which represent average conditions - - not 
pockets of cold water refugia or isolated hot spots. Measurements should be made using a 
sampling protocol appropriate to indicate impact to beneficial uses (OCSRI, 1996).  Thus, 
location of sampling locations should be done in a manner that is representative of the waterbody 
or stream segment of interest. In order to collect representative temperature data, sampling site 
selection must minimize the influence of confounding factors, unless the factor is a variable of 
interest.  Some confounding factors include: 

• confluence of tributaries 
• groundwater inflows 
• channel morphology (particularly conditions that create isolated pools or segments) 
• springs, wetlands, water withdrawals, effluent discharges, and other hydrologic factors 
• beaver ponds and other impoundments 

 
Site Installation 
Unless study design dictates differently, all sensors should be placed in the thalweg of riffles to 
insure a complete mixing of the water and to maintain sufficient water depth for the duration of 
the sampling window.  Alternatively, if riffles are too shallow place the sensor in a pool or glide 
that exhibits well-mixed conditions.  Do not place the sensor in a deep pool that may stratify 
during the summer, unless this is the objective of your study. This measure insures that sensors 
are not selectively placed in cooler areas such as stratified pools, springs, or seeps or in warm, 
stagnant locations (hot spots) that would misrepresent a stream reach’s temperature signature. A 
hand-held thermometer can be used to document sufficient mixing by making frequent 
measurements horizontally and vertically across the stream cross-section. If stream temperatures 
are relatively homogenous (±1-2 C) throughout the cross-section during summer low-flow 
conditions, then sufficient mixing exists. 
 
Monitoring devices should be installed such that the temperature sensor is completely 
submerged, but not in contact with the bottom. Place the sensor near the bottom of the stream by 
attaching it to a rock, large piece of woody debris, or a stake. Use zip ties, surgical tubing, or 
aircraft cable to attach the sensor to the bottom substrate. Rebar or diver’s weights can be used if 
no suitable fastening substrate is available. For non-wadeable streams, the sensor should be 
placed one meter below the surface, but not in contact with a large thermal mass, such as a bridge 
abutment or boulder (ODF, 1994). If the monitoring site is not in a heavily visited area, mark the 
location of the sensor by attaching flagging marked with the gauge number or site ID number to 
nearby vegetation.  
 
Precautions against vandalism, theft, and accidental disturbance should be considered when 
installing equipment. In areas frequented by the public, it is advisable to secure or camouflage 
equipment. Visible tethers are not recommended because they attract attention. When equipment 
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cannot be protected from disturbance, an alternative monitoring site should be considered. For 
external data loggers that are not waterproof, place them above the mean high water line to 
prevent loss during a freshet. Some data loggers must be housed in a waterproof metal or plastic 
box that should be locked and chained to a tree. Data logger boxes and cables should be covered 
with rocks, moss, and wood to hide equipment. 
 
Install the sensor in a shaded location; shade can be provided by canopy cover or some other 
feature such as large woody debris. If no shaded locations are available, then it may be necessary 
to construct a shade cover for the sensor (e.g., using a section of large diameter plastic pipe.) The 
intention for this measure is to avoid direct solar warming of the sensor. The intent is not to 
suggest that sensors should be placed only in shaded thermal reaches. 
 
Sensors should be located at the downstream end of a thermal reach, so as to characterize the 
entire thermal reach, as opposed to local conditions.  Protocols for characterizing thermal refugia 
can be found in FFFC (1996). 
 
The number of thermograph units deployed will vary with 1) drainage area of the watershed, 2) 
numbers and sizes of inflow tributaries or other transitions in riparian condition, 3) changes in 
elevation, and 4) proximity to coastal fog zone. In all circumstances, a continuous monitoring 
device should be located as far downstream as surface water flows during the summer.  In 
watersheds with multiple sensors locate them in a lower/upper or lower/middle/upper 
distribution. 
 
Mark all monitoring site locations on a USGS 1:24,000 topographic map, aerial photo, or GIS 
map. Clearly show the location of the site with respect to other tributaries entering the stream, 
e.g., above or below the confluence. Record measured distance to a uniquely distinguishable map 
feature (i.e., road crossing, specific tributary, etc.) Draw a diagram of the monitoring area. 
Include details such as: harvest unit boundaries, sensor location and thermal reach length, 
tributaries with summer flow, description of riparian stand characteristics for each bank, areas 
where portions of the stream flow become subsurface, beaver pond complexes, roads near the 
stream, other disturbances to the channel or riparian vegetation (heavy grazing, gold dredging, 
gravel mining, water withdrawals). 
 
Record the serial number of each sensor/data logger combination at each monitoring site. Make 
an effort to deploy the same sensor/data logger combination at the same site each year. 
 
Once a sensor/data logger combination has been deployed at a site, do not move the equipment to 
another location. Adjustments in sensor location may be necessary if the initial location ran dry, 
and the sensor must be moved to the active, flowing channel. This will necessitate a unique 
site_id for spatial statistical analysis. Make notes of such relocations in the field notebook.  
 
If sensors are used to collect long-term baseline or trend data in specific watersheds, establish 
fixed-location monitoring stations so that data sets will be comparable. 
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Site-Specific Data Collection 
Other site-specific data should be collected at the time of sensor deployment or retrieval. These 
additional attributes will greatly assist in post-stratification and interpretation of status and trends 
in stream temperatures. 
 
Length of Thermal Reach or Stream Segment  
The thermal reach extends 300-600 meters above the site, depending on stream size (TFW, 
1993).  With a hip chain or measuring tape, measure the length of thermal reach or stream 
segment (in feet).  If the stream has more than one channel, measure along the channel that 
carries most of the summer flow. 
 
Canopy Closure 
Use a spherical densiometer at evenly spaced intervals to determine average canopy closure for 
the thermal reach above the monitoring site.  Take canopy closure measurements at 50-meter 
intervals along the thermal reach. If the percent canopy cover varies by more than 20% between 
measurements, then take additional measurements at 25-meter intervals to more accurately 
determine the average percent canopy closure for the reach. In order to save time, it may be 
advantageous to determine canopy closure at 25-meter intervals from the start, thus avoiding the 
need to back-track in cases where the variability exceeds 20%. In addition to calculating the 
average canopy closure, keep a record in a field notebook of the percent canopy closure at each 
sampling interval and note the locations on a map or sketch of the reach to document how the 
shade level varies through the reach.  At each 25- or 50-meter interval, stand in the center of the 
channel and measure canopy closure four times: facing upstream, downstream, right bank, and 
left bank.  Average these four values to obtain canopy closure for the location. 
 
Elevation 
Determine the elevation at the midpoint of the thermal reach from a USGS topographic map, or 
altimeter and record on data sheet to nearest feet. 
 
Average Bankfull Width and Depth 
Bankfull width and depth refer to the width and average depth at bankfull flow. These 
dimensions are related to discharge at the channel-forming flow, and can be used to characterize 
the relative size of the stream channel. This characterization will be useful for later post-
stratification and assessment of stream temperature data. In addition, the ratio of bankfull width 
to depth (width:depth ratio) of a stream channel provides information on channel morphology. 
Width:depth ratio is related to bankfull discharge, sediment load, and resistance to bank erosion 
(Richards, 1982). For example, channels with large amounts of bedload and sandy, cohesionless 
banks are typically wide and shallow, while channels with suspended sediment loads and silty 
erosion-resistant banks are usually deep and narrow. Changes in width:depth ratio indicate 
morphologic adjustments in response to alteration of one of the controlling factors (Schumm, 
1977). 
 
Refer to Channel Form Monitoring Appendix E for step-by-step procedures for estimating 
bankfull width and depth. 
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Average Wetted Width 
Measure the wetted channel width at the location where the sensor is placed.  This measurement 
should be collected at the time of deployment and at the time of retrieval.  Change in wetted 
width over the field season will provide information on the change in flow during the monitoring 
period.  Follow the method outlined in Flosi (1998).   
 
Habitat Type 
Record the habitat type in which the sensor was placed. Use the following codes for the habitat 
types: 

Riffle Shallow reaches with swiftly flowing, turbulent water 
run   Relatively uniform flowing reaches with little surface agitation 
spool  Shallow pools less than 2 feet in depth with good flow (no thermal strata) 
mpool Mid-sized pools 2 to 4 feet in depth with good flow (no thermal strata) 
dpool Deep pools greater than 4 feet in depth or pools suspected of maintaining thermal 

strata (possible thermal strata) 
 
Stream Class 
Record the stream classification as defined by the California Forest Practice Rules. 
 

1 - Class I Watercourse:  Domestic supplies, including springs, on site and/or within 100 
feet downstream of the operations area and/or 2) Fish always or seasonally present onsite, 
includes habitat to sustain fish migration and spawning. 
 

2 - Class II Watercourse:  a) Fish always or seasonally present offsite within 1000 feet 
downstream and/or 2) Aquatic habitat for nonfish aquatic species. 3) Excludes Class III waters 
that are tributary to Class I waters. 
 

3 - Class III Watercourse:  No aquatic life present, watercourse showing evidence of being 
capable of sediment transport to Class I and II waters under normal high water flow conditions 
after completion of timber operations. 
 

4 - Class IV Watercourse:  Man-made watercourses, usually downstream, established 
domestic, agricultural, hydroelectric supply or other beneficial use. 
 
For Class I watercourses make a concerted effort to collect fish presence/absence and/or 
abundance data in the same thermal reaches or stream segments where stream temperature data is 
being gathered. Conduct fish surveys during the period when stream temperatures are highest 
(July-August). 

 
REFERENCES 

FFFC, 1996.  Aquatic Field Protocols Adopted by the Fish, Farm, and Forest Communities 
(FFFC) Technical Committee, Compiled by Ross Taylor.  
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Data Field Form 
 
To assist in the collection and organization the site-specific information a field data form has 
been adapted from the Forest Science Project form. The form can be found below. Please 
photocopy the form onto Write-in-the-Rain paper for data collection activities. Please use a No. 2 
pencil. 
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GRWC Stream Temperature Field Data Form 
Station ID: File Name: 
Stream Name:  
X Coordinate: Y Coordinate: 
Projection (UTM Zone 10 NAD 27 preferred):  
Basin Name: USGS Quadrangle: 
Describe Placement:  

Surveyor: Organization: 
Device ID (serial #): Device Type: 
Calibration Date:  
Installation: Removal: 
Date Launched: Date Retrieved: 
Time: Time: 
Air Temperature ©: Air Temperature ©: 
Water Temperature ©: Water Temperature ©: 
Depth at Instument: Depth at Instrument: 
Depth of Instrument: Depth of Instrument: 
Maximum Depth: Maximum Depth: 
Wetted Width: Wetted Width: 
Wetted Length: Wetted Length: 
Habitat Type (circle one):       

Riffle      shallow reaches with swiftly flowing, turbulent water 
Run     relatively uniform flowing reaches with little surface agitation 
Spool shallow pool less than 2 feet in depth with good water flow 
Mpool    mid-sized pool 2 to 4 feet in depth with good water flow 
Dpool deep pools greater than 4 feet in depth or pools suspect of maintaining thermal 

strata 
Mpool    mid-sized pool 2 to 4 feet in depth with good water flow 

Thermal Reach Information: Diagram or Photo 
Bankfull Width:  
Bankfull Depth:  
Reach Length:  
Mean Canopy Closure:  
Average Channel Gradient:  
Average Channel Aspect:  
Channel Type (Flossi et al., 1998):  
Stream Class (I,II, etc.):  
Elevation:  
Drainage area:  
Comments:  
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Introduction 
Topographic surveying is an essential tool in watershed monitoring.  A basic field survey 
establishes the horizontal and/or vertical location of a series of points in relation to a starting 
point (called a benchmark).  Repeated surveys of the stream channel, in each study reach, are 
used to document changes over time in the shape of the streambed.  Changes in the sediment 
supply affect the shape of the streambed.  The shape of the streambed, in turn, affects the 
amount of bedload material that the stream can carry.  
 
Sediment levels are an important factor in determining the quality of salmon habitat. Salmon 
spawn on gravel beds in the stream.  High levels of sediment prevent the circulation of 
oxygen and inhibit the ability of salmon eggs to develop into fry.  
 

Protocol Summary 
The objectives of the survey include measuring the bankfull 
width of the stream, the slope of the streambed and the size of 
bed material.  By making annual survey measurements, over a 
number of years, it is possible to assess changes in the amount 
of material stored in the bed of the stream, this information 
will indicate trend in the amount of bedload that is being 
delivered to the study reach. 
The cross-section survey, in conjunction with identifying 
bankfull indicators, allows the direct measurement of the 
bankfull width.  The longitudinal survey measures the channel 
slope.  The longitudinal survey also shows the shape of the 
streambed along the direction of flow. 
A survey of the stream channel is accomplished by using a surveying tool called an 
automatic level (see Figure 1). The automatic level is carefully set up to establish a 
horizontal reference plane. The horizontal reference plane allows the relative elevation of 
different features on the streambed to be measured.  Distances from the horizontal reference 
plane are measured down to the surface of the ground using the survey rod.  The Survey 
Protocol (page 2) describes, in detail, the steps to be followed in setting up the tripod and the 
automatic level.  It describes how to use the automatic level (Figure 1) and the survey rod to 
measure elevation. 
Surveying requires at least two people. The Instrument Person operates the automatic level 
and records the measurements in the level logbook. The Rod Person, selects sites and holds 

Figure 1. Automatic Level 
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the survey rod at the site while the Instrument Person is reading it.  The protocol explains 
how to calibrate the instrument using a point of known elevation called a benchmark.  
The general procedure for surveying is to first set up the instrument. Once the instrument is 
level, the rod is placed on a point with a known elevation called a benchmark. The 
instrument person looks through the telescope on the level and reads the number on the rod. 
The reading (backsight) is added to the elevation of the benchmark to give the elevation of 
the instrument crosshairs. The rod is then placed on a point whose elevation is to be 
determined. The reading (foresight) is subtracted from the elevation of the instrument to get 
the elevation of the new point.  
Distances between points are measured with a tape measure or are measured optically with 
the level and the rod. Careful notes, including sketch maps, are taken to help interpret the 
survey information. 

Surveying Protocols 

Directions for Instrument Person 

• Step 1:  Setting Up the Tripod. 
1. Extend the legs of the tripod until the top of the tripod is level with your chin.  
2. Push one of the legs firmly into the ground. Spread the tripod legs 3’ to 4’ apart. Push 

the other two legs into the ground.  
3. Level the top of the tripod by raising or lowering the legs.  

Note:  Leveling the instrument will be easier if the tripod head is on a nearly 
horizontal plane. 

4. After the head is level check that the leg adjusting screws are tight and the legs are 
firmly set in the ground. 

• Step 2:  Setting Up the Level. 
1. Place the instrument on the tripod. 
2. Screw the level snugly (finger-tight) to the head of the tripod.  

Note:  Do not over-tighten the screw. 
3. Move the level screws in pairs to bring the bubble into the target circle on the level 

vial.  
4. Rotate the scope 900 degrees and re-level. 
5. Repeat until the bubble stays in the target circle throughout a 3600-degree rotation. 

This procedure brings the instrument into the range where the self-leveling pendulum 
prism can operate. 

6. Turn the telescope to bring the rod into the field of vision. 
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• Step 3:  Reading the Rod 
The numbers on the face of the rod show the distance measured from the ground in feet. The 
scale can be read to the one hundredths of a foot. Whole numbers of feet are marked off on 
the scale on the left of the rod by the longer line with an 
angled end. For example, see the number 3.00 in Figure 2. The 
number of feet is read at the top of this line and is indicated by 
the large red numbers. Tenths-of-feet are also marked by a line 
with an angled end. For example, see the number 2.90 in 
Figure 2. The black numbers indicates the number of tenths-
of-feet.  
 
Each black line and each white space on the scale is exactly 
one hundredths of a foot. The top of each black line, between 
the angled tenth-of-a-foot lines, mark off 2/100th’s of a foot. 
Even number hundredths of a foot can be read at the top of the 
lines. Odd number hundredths of a foot are read at the bottom.  

 
Point the telescope towards the rod.  The center crosshairs should 
cross the face of the rod (Figure 3).  Turn the focus knob until 
the rod can be clearly seen. Adjust the eyepiece to darken or 
lighten the cross hairs. I f the rod is leaning to the side, ask the 
rod person to move the top of the rod until it is vertical.  The rod 
person should try to keep the rod vertical along your line-of-
sight.  The center crosshair gives the elevation.  Do not use the 
upper or lower lines for elevation.  The upper and lower lines are 
called stadia.  Using the stadia lines to measure distance will be 
described later.   
 

Directions for the Rod Person 
The rod person decides where to 
set the rod, which is the most vital 
part of the survey.  
The level is attached to the back of 

the rod.  Use the bubble on the level to adjust and maintain the 
rod so that it is vertical.  Stand behind the rod so that the rod 
can be held vertical and the level can be read.  Holding the rod 
vertical is essential.  If the rod leans forward or backwards the 
reading will be larger than the true value, see Figure 4.   
When changing the length of the rod it is essential that each 
section be fully extended and properly secured.  When a 
section of the rod is fully extended a locking button should pop into place. 

Figure 2. Face of the survey rod 

Figure 4. Keep the rod vertical. 

Figure 3. Reading the rod. The 
elevation is read at the middle line. 
The upper and lower lines are 
called stadia. 
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Measuring Distance 

Measuring with Tape 
• Tapes marked in feet that can be read to the hundredth of a foot can be used to measure 

distance.  Always make sure that the tape for the horizontal distance is the same standard 
as your stadia rod. 

• When measuring horizontal distance stretch the tape tight before making the reading.  
• Do not use a tape to measure the horizontal distance if the tape cannot be stretched out on 

a horizontal line between the points. 

Measuring distance with surveying level 
Use the level and the survey rod to estimate distances where stretching a tape would be 
difficult. To do this read the stadia, the short crosshairs above and below the central crosshair 
on the survey rod.  
• Set up the level at one end of the distance to be measured. Place the Survey Rod at the 

other point.  
• Read the rod at the upper and the lower stadia line. 

• Subtract the lower stadia reading from the upper stadia reading 
• Multiply the difference by 100 to get the distance from the instrument to the rod. 
 

Differential Level Survey 
A differential level survey is used 
to measure the relative elevation 
of points that are quite far apart. 
For example, a differential level 
survey can be used to determine 
the true elevation of your 
benchmark if a point of known 
true elevation is several hundred 
feet from your site. It consists of 
making a series of instrument 
setups along a route that ends 
back where it began. The route of 
the survey is called a traverse. 
From each instrument setup, the 
rod is taken to a point of known 
elevation to establish the 
instrument height. The instrument 
height is used to calculate the 
elevation of new points after the 
rod is read on the new point. 
Temporary reference points, 
called turning points, are 

Figure 5. Field notes from a differential survey. The purpose of 
the survey is to find the elevation of BM-2 relative to BM-1. The 
traverse starts at BM-1. Returning to BM-1 closes the survey.  
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established before the instrument is moved to a new location. The details of the process are 
described below. 
• The first reading (a reading is also called a shot) is to the benchmark. In Figure 5, the 

benchmark is BM-1. The elevation of the 
benchmark is known or assumed, see 
Figure 6. If the elevation of the benchmark 
is assumed it is strongly recommended that 
you survey from your benchmark to a 
benchmark with known elevation.  

• Place the rod on the benchmark.  
• Get the rod vertical.  
• Read the scale where the crosshair crosses 

the rod face.  
• Record the reading in the field book as a 

backsight. In the notes, backsight is 
abbreviated as BS. 

• The shot to the benchmark is called a 
backsight. The backsight reading is added 
to the elevation of the benchmark to calculate the instrument height, see Figure 6. The 
instrument height is the elevation of the instrument crosshair.  

• The notes shown in Figure 5 give an example of a differential survey. The elevation of 
BM-1 is given as 100.00 feet. The backsight to BM-1 is 5.62 feet. Thus, the height of the 
instrument, for the first setup, is 105.62 feet. 

• Use a tape, the stadia method, or pacing to measure the distance from the instrument to 
the benchmark. Record the distance in the field book. The total distance covered by the 
survey is used to calculate the allowable error of the survey. This will be explained 
below. 

• In Figure 5, the distance was determined by pacing. The distance between BM-1 and TP-
1 is shown as 321 feet.  

• The rod person should drive a stake in the 
ground as a temporary reference known as a 
turning point, TP. The TP should be in the 
direction of the survey and about the same 
distance from the instrument as the benchmark. 
The stake should be solidly in the ground so 
that it does not shift. 

• The rod is then placed on the TP and the 
instrument person reads the elevation and 
records it as a foresight, see Figure 7.  

• For example, in Figure 5, the foresight, FS, of 
TP-1 is 3.21. 

• The foresight of TP-1 is subtracted from the 
instrument height to determine the elevation of 
TP-1. 

Figure 6. Shooting the backsight to find the 
instrument height. 

Figure 7. Shooting a foresight. The instrument 
height is already known. 

Final Version 3.1 4/1/2008



Gualala River Watershed Council                                                                                          Appendix C - 6 
  
             

• For example, in Figure 5, the foresight of TP-1 (3.21) is subtracted from the instrument 
height (105.62) to calculate the elevation of TP-1 (102.41). 

• The instrument is then moved to the other side of TP-1. 
• The rod is then placed on TP-1 and the rod is read as a backsight, after the instrument has 

been setup and leveled. The backsight is added to the elevation of TP-1 to calculate the 
instrument height. For example, the backsight to TP-1 from setup 2 is 4.87 feet. The 
backsight (4.87) is added to the elevation of TP-1 (102.41) to calculate the instrument 
height (107.28) at setup 2. 

• The process outlined in steps 1-8 is repeated until the traverse is closed by shooting the 
original benchmark as a foresight. See the map in Figure 5. 

• After you have closed the survey, the elevation of the benchmark at the end of the survey 
is compared to its original value. This process is known as closing the survey. The 
difference between the calculated elevation of the benchmark and its original value is the 
error. 

The acceptable amount of error depends on the total distance of the differential level 
survey. One equation to estimate the acceptable error is: 

Where the total distance is the sum of the distances between the instrument stations in the 
differential level survey loop. For example, in Figure 7, the total distance of the differential 
level survey is 1,823 feet and the acceptable error is 0.03 feet. 
 
A differential level survey can be performed as part of a longitudinal survey or cross-section 
survey. These types of surveys are described in other protocols. The purpose of the 
longitudinal and cross-section surveys is to gather elevation and distance data for selected 
points along the stream channel.  

100/)distance(007.0 totalErrorAcceptable ≤  

Figure 8. Using turning points to move the instrument. 
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Introduction 
There are a variety of different types of equipment and instrumentation available to help 
take field measurements.  Below is a description of the equipment we will be using for 
in-stream monitoring program.  Please carefully read the instructions describing the use 
of each.  For quality and measurement control each surveying team will have to fill out 
the attached instrument form. 
  
Tapes 
 We have two types of tapes: lineal tapes that measure distance, and Spenser diameter 
tapes for measuring tree diameter. 
  

Lineal Tapes 
We have several lengths of tapes.  The longest tapes are 200 ft. tapes, fiberglass and 
marked in tenths of feet.  These tapes are used for the longitudinal profiles and cross-
sections.  The tapes that are marked in inches (usually reel tapes) are used for the riparian 
plots.  

Spenser diameter tapes 
Spenser tapes are two sided tapes.  One side is calibrated so that when the tape is 
wrapped around the circumference of a tree, the tape is actually showing the diameter of 
the tree [so it is adjusted by a factor of π because C (circumference)  = π (diameter)].  
This side of the tape is printed in red ink.  The other side is a lineal tape.  A common 
error is to read the lineal side of the tape instead of the diameter side.  Be sure to check 
your reading of the tape to make sure the number you have called out for diameter 
actually makes sense.    
Diameter is almost always measured at breast height (DBH).  DBH is the point on the 
tree trunk that is 4.5 feet from the ground.  An easy way to measure DBH in the field is to 
pre-measure where 4.5 ft. is located on your body, then you will be able to easily estimate 
this height. 
  
Pacing 
In many field situations, pacing (or counting your steps) is the preferred method of 
measuring distance, where very precise distance measurements are not necessary.  With  
practice, pacing can be quite accurate.  However, it is usually not so accurate in the 
mountains of the Pacific Northwest, where slopes are steep, slipping is common, and 
large logs often interfere with straight-line travel.  Nevertheless, pacing is a standard 
method used for rough separations of distance. 
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 Start with a lineal tape and lay out a straight-line course of at least 300 feet.  A pace is 
defined as two steps, so if you start walking with your right foot, the spot where your left 
foot lands is equivalent to one pace.  Pace to the end of the calibrated line and total the 
number of paces you took.  Repeat the process several times.  The average number of 
paces, divided into the length of the line, is your pace length.  Some people find that pace 
length in meters is preferable, others like the English units of feet (which are a little more 
precise as the unit is smaller).  Pick your favorite, but know the conversion factor 
between them (feet X 3.3 = meters, meters/3.3 = feet). 
  
Once you know your pace, you can follow simple compass courses on flat ground with 
relative ease. 
  
Clinometers 
A clinometer is a handy device for determining slope (in percent) and for measuring tree 
height.  The standard Suunto brand will be employed.  It has a dial containing two scales: 
percent on the left, and degrees on the right.  As one sights the clinometer with one eye 
and leaves the other eye open, objects are lined up with the horizontal line in the dial, and 
a degree or percent then can be read off the dial.  In case there is confusion about the dial, 
turn the clinometer up vertically and the scales are defined on the left and right side of the 
dial.  We employ the percent scale to denote slope steepness, and the angle scale for an 
estimate of tree height. 
  
Slope Determinations 
 In order to determine slope steepness, sight the clinometer directly upslope or downslope 
on an object that is at eye height in either direction.  The reading on the clinometer is the 
percent slope (left scale) or slope angle (right scale).  In the upslope direction, the reading 
will be (+), while in a downslope direction it will read (-).  Often, an upslope and 
downslope measurement will be averaged to determine average slope steepness, but the 
direction of the reading (+ or -) is not included.  
  
Tree Height Determinations 
The determination of tree height uses the angle scale on the clinometer. 
 
You must be a known distance of 66 ft away from the tree.   Sight the clinometer at the 
base of the tree and then the top of the tree.  On flat ground, you are generally sighting 
from zero to the top of the tree, but "zero" is really eye height, so your eye level must be 
added to the height. 
  
If you have to take readings on slopes.  Try to move laterally (across slope) for tree 
height measurements - your horizontal distance will be more accurately measured. 
 
On a slope you will generally be either below or above the base of the tree.  Generally the 
position above the tree is more accurate than being below the tree.  If above the tree base 
but below the top, you must add both sightings together.  If below the tree base, you must 
take a sighting to the top of the tree, and subtract from it the sighting to the bottom of the 
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tree: (for example, 100 to top, 30 to bottom = 70 ft. reading).  If above both the tree base 
and the top of the tree, usually you'll have to move your position. 
  
Spherical Densiometers 
The spherical densiometer can be used as a hand held instrument to estimate relative 
vegetative canopy closure or canopy density caused by vegetation.  Vegetation canopy 
closure is the area of the sky over the selected stream channel that is bracketed by 
vegetation (regardless of density).  Canopy density is the amount of the sky blocked 
within the closure by vegetation.  Canopy closure can be constant throughout the season 
if fast growing vegetation is not dominant, but density can change drastically if canopy 
vegetation is deciduous. 
  
Canopy density is measured in conjunction with the riparian plot surveys and canopy 
closure is measured when installing temperature data loggers. 
 
Operation of the Spherical Densiometer to Estimate Canopy Density 
The spherical densiometer should be held 12-18 inches in front of your body and at 
elbow height, so that the operator’s head is not visible in the mirror (and will not be 
counted as canopy cover!).  Make sure the level bubble is level.  In each square of the 
grid, assume that there are four dots, representing the center of quarter-square 
subdivisions of each of the grids.  In the following instructions, it is assumed that you are 
under a forest canopy where openings are less common than canopy.  Systematically 
count the number of dots NOT occupied by canopy (where you can see sky at that dot).  
Multiply the total count by 1.04 to obtain the percent of overhead area not occupied by 
canopy, as there are only 96 dots to count.  The difference between this and 100 is the 
canopy cover in percent.  Make four readings per location – start by facing upstream then 
turn in a clockwise fashion taking a reading every 90 degrees – and average them to 
provide an estimate of canopy cover from that point. 
  
Obviously, this instrument is not useful for measuring understory tree, shrub, or herb 
cover. 
 
Operation of the Spherical Densiometer to Estimate Canopy Closure 
These instructions are for using a convex spherical densiometer that has adapted to the 
modifications developed by Strickler (1959).  Strickler uses only 17 of the line intersects 
as observation points by taping a right angle on the mirror surface (Figure D-1). 
 
Stand in the middle of the stream channel facing upstream.  The densiometer is held in 
the hand, in front of the body at waist level, with the arm from the hand to the elbow 
parallel to the water surface.  The convex densiometer is held away from the observer’s 
body with the apex of the V pointed towards the observer.  The observer’s eye reflection 
should be seen along the margin of the original grid (Figure D-1).  Level the densiometer 
using the bubble indicator and maintain the level and standard eye positions while 
recording.  The grid between the V formed by the tape encloses 17 observation points.  
Each point has a value of 1.5 percent when four different readings are made.  The number 
of points surrounded by vegetation are counted when measuring canopy closure.  
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Measurements are taken in four quadrants while standing on the same point (facing 
upstream, right bank, downstream, left bank). 
 
The points counted for each reading are 
totaled and multiplied by 1.5 to obtain the 
percentage of canopy closure. 
 
If all possible observation points are 
counted, the total value will be 102 
percent (68 x 1.5 = 102).  Although this 
error is small and not considered important 
for comparisons of relative values, the 
following correction factor can be applied 
to determine the correct percentile: 
 
 
Calculated Value Subtract from Calculated Value 
Less than 30    0 
30 to 60             -1 
Over 60             -2 
 
Example:  (8+11+7+12)(1.5) = 57% subtract 1% =  56% closure 
 
The Compass 
Compasses come in many types.  The examples below use the Silva Ranger Type 15 
compass.  This may or may not be the type of compass you have in the field.  The Silva 
Ranger has some adjustments not seen in other compasses.  While the principles of 
compass use are standard, their application to a particular compass type may be unique.  
This compass is graduated in 2 degree (o) increments of azimuth from 0o to 360 o.  North 
is 0o, east is 90 o, south is 180 o, west is 270 o and north again is 360 o (0 o).  The compass 
has three basic parts.  The Magnetic Needle is attracted by the magnetic North Pole of the 
earth.  The red end points north and the white end south.  The Graduated Dial turns and 
can be set to any desired bearing.  The bearing is set to read in degrees.  The Base Plate 
with Sighting Mirror is the housing of the compass and serves to point out the line of 
travel. 

Beware of iron or steel objects if they are close to the compass.  They will throw off the 
readings of the compass. 
 
Map and Field Bearings 
If you are working from a bearing on a map, it is referenced to true north and is called a 
true bearing.  This is not the same as working from uncorrected bearings in the field, such 
as the location of a mountaintop in the distance that you take a compass bearing on.  
Sections A, B, C, D, and E below are based on working from “map to terrain” and deal 
with true bearings.  Sections F and G are uncorrected bearings and are based on working 
from terrain to map. 

Figure D-1:  Modified grid of spherical densiometer. 
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Section A.  How to use the compass to point out desired directions 

First, the dial must be set to the desired degree reading.  If this is known, simply turn the 
dial so that the correct reading appears at the index pointer.  Second, without changing 
the dial setting, the entire compass must be positioned so that the orienting arrow lines up 
with the magnetic needle and the red end of the needle lies within the two orienting 
points.  When these two conditions are fulfilled, the desired direction is indicated by the 
sighting line.  Always keep the compass level so that the needle can move freely. 

Section B.  Using the compass without the sight. 

When the dial is set as described in Section A, you can use the compass either with or 
without the aid of the sight.  In situations where fast action is important, open the cover 
wide and make sure the orienting arrow and magnetic needle are lined up.  The sighting 
line extends straight from the index pointer across the sight.  Fix your sight on a distant 
object and head for it. 

Section C.  Using the compass with the sight. 

For situations where accuracy counts, use the sight.  The dial is set as in Section A.  Hold 
the compass at eye level and adjust the cover to slightly less than a 90o opening, so the 
mirror reflects a top view of the compass dial.  While looking in the mirror, move your 
sighting eye sideways until you see the sighting line intersect one of the two luminous 
points.  Without changing the relationship between compass and eye, pivot yourself and 
compass together until you see in the mirror that the orienting arrow is lined up with the 
magnetic needle and the red end of the needle is between the orienting points.  Your 
direction or objective will now lie straight beyond the sight on the upper edge of the 
cover. 

Section D.  How to obtain your bearing from a map.   

In Section A, one of the two basic conditions for using the compass is to set the dial at the 
desired degree setting.  If this degree, or bearing, is not known, it can be easily 
determined from a map.  First, lay the compass on the map so either the inch scale or 
millimeter scale is exactly on (or parallel with) the line on the map you wish to travel, 
AND the hinged cover points in the direction you wish to travel.  Then, while holding the 
compass in position on the map, turn the dial so the meridian lines of the compass are 
exactly parallel with any meridian (north-south) line on the map,  AND the letter “N” on 
the top of the dial is toward North on the map (not turned down toward South).  You may 
now remove the compass from the map.  In these two steps your compass was set for the 
degree reading to your destinations and this reading may now be used as the index 
pointer.  In fact, while performing these two steps you automatically fulfilled the first 
basic condition mentioned in Section A, and you may directly proceed to use the compass 
as per Section B or C. 
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Section E.  How to Take a Bearing. 

A “bearing” means the direction or the degree reading from one object to another.  One 
of those objects is usually YOU.  To “take” a bearing means to determine the direction 
from one object to another.   

A.     From a map, bearings are taken as described in Section D.  The “bearing” is the 
degree reading indicated at the index pointer. 

B.     Out in the terrain, bearings can be taken by reversing the steps described in Sections 
B and C.  For example, if you are using the compass without the sight, open the cover 
wide and hold it level and waist high in front of you.  The sight and sighting line 
should be pointing directly ahead of you.  The sighting line acts as a pointer.  Pivot 
yourself and your compass around together until the sighting line points straight to 
the object on which you are taking the bearing.  Without changing the position of the 
compass, carefully turn the dial until the orienting arrow and the magnetic needle are 
lined up and with the red end of the needle lying between the two orienting points.  
The “bearing” to your objects is now the degree reading indicated at the index 
pointer. 

C.     In a similar manner, bearings can be taken by using the sight.  In this case, hold the 
compass at eye level and adjust the cover so the top of the dial is seen in the mirror.  
Face toward your object and sight across the compass sight.  Look in the mirror and 
adjust the position of the compass so that the sighting line intersects one of the 
luminous points.  While you simultaneously see your object across the sight, and the 
sighting line across one of the luminous points, turn the dial so that the orienting 
arrow is line up with the needle, red end being between the orienting points.  The 
“bearing” to your object is now the degree reading indicated at the index pointer. 

  
References 

Harrelson, Cheryl C., C. L. Rawlins, John P. Potyondy, (1994) Stream Channel 
Reference Sites: An Illustrated Guide to Field Technique, USFS General Technical 
Report RM-245. 
 
State of California Resources Agency, Department of Fish and Game (1998), California 
Salmonid Stream Habitat Restoration Manual, Third Edition. 
 

Final Version 3.1 4/1/2008



Gualala River Watershed Council                                                                                      Appendix E - 1 
 

 
Figure 9:  Sample page from Level Notebook 

Getting started 
Before the fieldwork starts surveyors need to organize their notebooks, forms and equipment.  
Verify with the GRWC that all the property owners along the study reach have given permission 
for the monitoring.  In addition, make sure that proper notice is given to the property owners 
before starting the fieldwork. 

Directions for Organizing the Level Notebook 
Set up the level notebook for the site.  Use a Rite-in-the-Rain (or equivalent brand) All-Weather 
Level Notebook.  These books are 
about 5”x 7” and each page has six 
columns. Laid flat, they photocopy 
onto 8-1/2” x 11” sheet for standard 
filling.   
• Step 1:  Number all the pages in 

your notebook.  
Note:  Leave the first page 
blank for the Table of 
Contents, which will be filled 
in after the survey is finished. 

• Step 2:  Introductory page. 
Go to the second page and 
prepare an introductory page 
with the site name and number, 
project description, date and 
weather, names and tasks of crew.   

Note:  This information will be repeated in a new introductory page each day before you 
start surveying. 

• Step 3:  Label the notebook columns, see Figure 2. 
o   The first column is labeled HD for Horizontal Distance.   

The HD is the distance along the thalweg where the elevation readings are taken.   
o The second column is labeled BS for Backsight.   

The BS is the actual vertical distance from the point of known elevation to a 
horizontal line projected by the instrument.  There is only one BS for each setup 
of the instrument and it will always be your first reading after setup.      

o The third column is labeled FS for Foresight.   
The FS is a rod reading taken on any point to determine its elevation.   
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Figure 10:  Surveying Equipment 

o The fourth column is labeled HI for Height of the Instrument.   
The HI is computed by adding the backsight reading to the benchmark elevation 
or the elevation on which the backsight was taken.  HI=Elev +BS 

o The fifth column is labeled Elevation.  
The point at which elevations are known or determined are either benchmarks or 
turning points.  To determine the elevation of all other points use Elev=HI-FS. 

o The sixth & seventh column is labeled Offset for the horizontal distance offset.   
The offset is the distance from the HD tape to the actual rod placement site in the 
thalweg.   It is rounded to the nearest foot.  Which side of the tape the offset is on 
is also noted by listing left or right bank. 

o The eighth column is labeled AZM for the azimuth of the horizontal distance tape. 
The azimuth of the horizontal distance tape is taken looking upstream and always 
when there is a change in the direction of the tape.   

o The last four columns are labeled Comment.   
This is where the surveyors record the type of habitat being surveyed (i.e. pool, 
riffle, run).  In addition, surveyors should record other factors such as fish or 
amphibian presence, types of vegetation or unusual features. 

 
Be neat and orderly so that the data you record can be easily read. Note all pertinent details in 
your descriptions. Over the years, the field book will be used to re-locate the benchmark and 
various survey stakes or markers. The field book will 
also be the source of data used to analyze the changes 
in stream shape with time. 

Directions for Organizing the Supplemental Forms 
Set up a binder or covered clipboard that contains the 
following documents and supplemental data forms 
copied onto Rite-in-the-Rain paper: 
 

A topographical map 
Copies of old field notes and data forms 
Copies of all the landowner access agreements 
Equipment Form 

Pebble Count Forms (2 sheets) 
Large Woody Debris Forms (5) 
Canopy Forms (1) 
Riparian Plot Forms (12 sheets) 

Directions for Organizing the Equipment 
Make sure all your equipment has been properly calibrated and is in good working order, see 
Figure 10.  Fill out the Equipment List Form (page 12) making sure you include all the serial 
numbers.  Check your equipment against the following list: 
 

Engineer’s Level Compass 
Tripod Calculator 
Stadia Rod 11 Fence Posts 
Bullet Level 10 Lag Bolts & Driver 
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200’ Fiberglass Tape 24 pieces of 3’ Rebar  
150’ Fiberglass Tape Flagging 
Spencer Tape Rudd paint 
25’ Steel Tape Aluminum & Code Tags 
Clear Metric Ruler Sledge Hammer 
Clinometer Fence Post Pounder 
Densiometer Clippers & Machete 

 

Identifying Bankfull 
A stream is said to be at bankfull when the water is at the top of the bank and just about to 
overflow, see Figure 4.  The flow at bankfull (bankfull discharge) is the flow that, over time, 
shapes the channel.  The bankfull width is measured by locating indicators of the bankfull level 
on opposite banks of the channel and measuring the horizontal distance between the points. 

Bankfull Indicators (Leopold, 1994). 
1. The point bar is the sloping surface that extends into the channel from the bank on the 

inside bend of a curve in the channel. The top of the point bar is usually at the level of the 
floodplain. Floodplains generally result from the extension of point bars as the river 
moves laterally by erosion and deposition through time. The top of a point bar is the 
lowest possible level of bankfull.  

2. The bankfull level is usually marked by a change in vegetation. For example, the change 
from bare gravel bar to forbs, herbs and grass. Willows can occur well below bankfull. 
Usually large mature alders do not occur below bankfull. The type of lichens or moss 
may change at the bankfull level. 

3. A topographic break usually occurs at bankfull. The ground may change from a slope bar 
to a near vertical bank. The change in topography may be subtle. 

4. The bankfull level is often marked by a change in size of material on the bed. The change 
can be from fine to coarse or from coarse to fine.  

5. Deposits of flood debris are unreliable and should be used only as a confirmation of other 
indicators. Debris deposits often indicate the level of the last large flood and may not 
indicate the bankfull level. Debris in willow branches may have been deposited when the 
branches were bent over by the force of the floodwater. 

Directions for Locating Bankfull Indicators 
Use the following procedure to flag bankfull indicators on both sides of the stream. The most 
consistent indicators on both sides of the channel will indicate the bankfull level. Designate one 
color of flagging for bankfull indicators. An easy method to flag the bankfull indicators is to put 
a nail through a piece of flagging and push the nail into the ground 

• Step 1:  Flag the top of any point bars in the marked reach. 
• Step 2:  Look for the lower limit of perennial vegetation or a change in vegetation type or 

density. Flag several of these points on both banks.  
Note:  Remember that after extended periods of drought, perennial plants may 
invade the channel. 

• Step 3:  Flag the lower limit of moss or lichens on the banks or rocks. 
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• Step 4:  Flag the lowest mature alders on both sides of the channel. 
• Step 5:  Look for and flag changes in the slope of the bank.  

Note:  A change from a near vertical to a horizontal surface is the best indicator 
of the floodplain and bankfull level. Many streambanks have multiple changes in 
slope so be careful. A slope break may also indicate a terrace. A terrace is an old 
floodplain that has been abandoned by a downcutting stream. A terrace usually 
has perennial vegetation and definite soil structure.  

• Step 6:  Flag changes in bank materials.  
Note:  Typically, a change from coarse to fine material on the surface of the bank 
indicates the bankfull level. However, the change can also be from fine to coarse. 
Changes in bank slope are often associated with a change in the size of the bank 
material. 

• Step 7:  Look for undercut banks covered by dense root mat from perennial vegetation. 
Feel up beneath the root mat and estimate the upper extent of the undercut. A spike or 
pin-flag may be inserted horizontally through the root mass and located by touch at the 
upper extent of the undercut. This will probably be slightly lower than bankfull. 

Note:  Undercut banks are often the best indicators in steep or confined streams 
that lack a floodplain.   

• Step 8:  Note any inundation water lines.  These may be marked by sediment or lichen. 
Stain lines are often left by frequent low flows so bankfull is at or above the highest stain 
line. 

• Step 9:  Wade to the center of channel to view bankfull on both banks.  Note features 
such as bars, boulders, root wads that may effect the water surface elevation or direct the 
current. 

• Step 10:  Discuss the significance of individual indicators.  Assess the indicators and 
determine bankfull.   

• Step 11:  Remove flagging that does not designate bankfull.  

Clean-Up 
Remove all the temporary stakes from the channel bed.  Remove all the flagging used to mark 
the bed-material regions.  Pick up any trash you may have dropped. 
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Establish the Benchmarks 
When the study reach is established a primary benchmark is selected and its location 
documented.  The survey level is set up where the benchmark and the stream channel are visible.  
The elevation of the benchmark is shot and recorded.  In subsequent years, the benchmark is 
used as the vertical (elevation) reference for the survey.   
A benchmark is a permanent mark near the area to be surveyed that can be located every year.  
The benchmark serves as the vertical or elevation reference point for the study reach. The 
elevation may be assumed (100 ft. is normally used) or tied into a project datum or mean sea 
level.   

• For long-term permanent sites three benchmarks are established near the beginning of 
the study reach.  Each cross-section associated with a longitudinal profile must have a 
benchmark installed on the left and right bank.   

• The benchmarks are located outside of the channel, above bankfull and if possible 
above the floodplain but within line of sight of the reach start point.  

• One of the benchmarks should be located on the opposite bank from the other two. 
This will allow recovery in case of a bank failure. 

• The two recommended methods for establishing benchmarks are: 
1. Lag bolt monument – screw a 6-inch lag bolt into the base of a large, healthy tree 

so the stadia rod can be set on its head and be visible and leveled (no over-
hanging branches, etc.).   Select a healthy tree (typically a conifer) 14’’ in 
diameter or larger, with roots that are protected from stream erosion, and not 
subject to windthrow.   

2. Fence post monument – drive an 8’ fence post vertically to within 2’ of the 
ground surface.  Fence posts need to be installed above bank-full.  

Before starting to survey always review the material in the Surveying Basics, Appendix C.  

Directions for Installing Benchmarks 
• Step 1:  Install the access marker for the study reach. 

Install a fence post marker at the nearest road access point.  Tag with station ID 
(stream name & site #).   

• Step 2:  Install the benchmarks. 
Install 3 benchmarks using lag bolts screwed into the base of trees or fence posts.  
Number the benchmarks and tag (use aluminum tags) with station ID (stream name 
and site #), and benchmark #.   

Note:  All benchmarks need to be installed outside of bankfull, in stable 
ground.  At least one benchmark should be installed on the opposite bank. All 
benchmarks need to have a clear line of sight to the reach start point.  
Benchmark #1 should be the primary benchmark with the most secure 
location and the best line of sight to the study reach start point. 

• Step 3:  Document the primary benchmark position. 
Stand at the access marker and with your compass find the azimuth and estimate the 
distance from the access marker to the primary benchmark (benchmark #1).  Record 
the azimuth in your level notebook. 

• Step 4:  Document the secondary benchmarks positions. 
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Stand at the primary benchmark (benchmark #1), find the azimuth and estimate the 
distance to both secondary benchmarks (benchmarks #2 and #3), record in your level 
notebook under site description. 

• Step 5:  Photo Documentation. 
From the access marker take a photo of the primary benchmark (benchmark #1).   
From the primary benchmark take photos of the secondary benchmarks (benchmarks 
#2 & #3).  Log the photo numbers with a description of the photos (i.e. Photo #1 = 
BM1 taken from access marker) in your level notebook. 

• Step 6:  Mapping. 
In your level notebook describe in detail the location of your benchmarks, access marker 
and study reach start.  Draw a site map of the area.  

Reviewing the Study Reach  
After finding bank-full at the start of the study reach, installing or finding the existing access 
markers and benchmarks, your next step is to walk the study reach from beginning to end.  As 
you walk up the reach, observe the following:   

• Location of benchmarks  • Location of logjams 
• Bankfull and the active channel • Location of the reach end points 
• Location of all cross-sections • Roads and topographic features 
 

Documents from past surveys will help you identify the beginning and end of the reach and 
cross-section benchmarks.  If the study reach has not been previously surveyed then you need to 
look for flagging that delineates the reach segments.  Also note access points to the nearest road.  
As you work your way up the study reach you may find it helpful to find new access points along 
the way.   

Clean-Up 
Remove all the temporary stakes from the channel bed. Remove all the excess flagging. Wind up 
all of the tapes. Pick up any trash you may have dropped. 
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Longitudinal (Thalweg) Profiles  
Repeated longitudinal profile surveys of the stream channel are done to document changes in 
channel form and hydraulic variables.  After the benchmark elevation is calculated, the rod 
person moves to the downstream end of the study reach and the thalweg is profiled.  Riffles, runs 
and pools are defined and the elevations measured. 
 The survey is conducted in conjunction with the benchmarks, the cross-sections, the pebble 
counts and the Large Woody Debris surveys.  All five surveys are linked by either elevation or 
horizontal distance. 
 
Before starting to survey always review the material in the Surveying Basics, Appendix C. 

Directions for Laying out the Horizontal Distance 
• Step 1:  Monument the start of the study reach.  

Install fence posts outside of bankfull on the left and right banks in a line, which is 
perpendicular to the flow.  Starting at left bank lay a tape between the fence posts.  

• Step 2:  Find the starting point for the horizontal distance (HD). 
Find the center of the channel in the lay line between the two fence posts marking the 
start of the study reach.  This is your starting point for the HD.  Stake by using a 
temporary piece of rebar.   

Note:  This is your starting point for the longitudinal profile.  You will attach the 
zero (0+00) end of your thalweg tape to this stake. 

• Step 3:  Document the HD starting point. 
Record the distance from the left bank fence post to the HD starting point.  
Then stand at the primary benchmark.  Take a bearing to the HD starting point, record.  
Measure and record the distance from the primary benchmark to the HD starting point.   

Note:  Record all distances and azimuths in your level notebook under the 
description of the site.  The measurements will assist future surveyors to find the 
exact starting point of your survey.   

• Step 4:  Laying the horizontal distance tape. 
Attach the zero ft end of a 200’ fiberglass tape to the HD starting point stake.  Walk up-
stream near the thalweg and lay the tape in as straight a line as possible.  Stake any 
curves in the tape.  Stake the 200 ft end.  

Note:  The tape may be layed up to 20’ from the thalweg.  Any curve in the tape 
needs to be staked to an angle.  

• Step 5:  Flagging for riparian plots. 
Flag left and right bankfull at the HD starting point for the riparian plot surveys.   You 
will continue to flag bankfull every 200’ when you start a new segment.   

Note:  Always record on flagging:  stream name, site #, distance, date, purpose, 
crew. 

• Step 6:  Photo documentation. 
Stand in middle of channel at the HD starting point.  Take photos of the stream channel; 
first looking downstream then upstream.  Record photo numbers in your level notebook. 

Note:  Photo documentation is repeated at all cross-sections and the end point 
(1000’) 
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Directions for Performing the Longitudinal Profile Survey 
• Step 1:  Setup the engineer’s level. 

Setup the level at a location where both the benchmark and the downstream end of the 
study reach are visible. The line-of-sight of the level must be higher than the benchmark. 

Note:  To set up the level follow the instructions in Surveying Basics in Appendix 
C.    Choose the location to minimize the number of times the level will have to be 
moved. Moving the level adds time and potential error to the survey. 

• Step 2:  Surveying the benchmarks. 
1. Turn the telescope to view the primary benchmark. The rod person places the rod on 

top of the benchmark. The rod is held vertically by using a level.  
Note:  Stand so that you can control the rod and see the level.  

2. The instrument person reads the elevation on the rod and records it as a backsight. 
After recording the backsight elevation, re-check the rod reading.  

Note:  The elevation of the primary benchmark will be set at 100’.  See Figure 6 
in the Surveying Basics section. 

3. Calculate the instrument height by adding the elevation of the benchmark to the 
backsight (HI=Elev + BS).   

4. Turn the telescope to the secondary benchmarks and repeat the process. 
Note:  Elevations of the secondary benchmarks are not recorded in the BS column 
but in the site description area. 

• Step 3:  Surveying the thalweg. 
1. The rod person stands at the HD starting point looking up-stream.  Take the azimuth 

and distance (in this case the distance would be 0+00) of the first straight section of 
the HD tape.  The instrument person records the azimuth in the AZM column at the 
distance the azimuth is taken. 

Note:  The distance and the azimuth of the HD tape are always recorded at each 
angle change throughout the longitudinal profile. 

2. The rod person moves to the thalweg at the HD starting point, tells the instrument 
person the horizontal distance (in this case it would be 0+00) and then levels the rod. 

3. The instrument person always waits until the rod person says “level” then reads the 
elevation and records it as a foresight. 

4. The rod person then tells the instrument person the offset of the stadia rod from the 
tape.   

Note:  The offset is rounded to the nearest foot and needs to be recorded as to 
which side of the HD tape; left or right bank. 

5. Calculate the elevation of the thalweg at the start point by subtracting the foresight 
from the instrument height (Elev=HI-FS).  

6. The rod person moves upstream to the next survey point in the thalweg.   
o First take the azimuth if the HD tape has changed angles. 
o Second take the horizontal distance 
o Third place and level the rod in the thalweg 
o Fourth take the elevation 
o Fifth take the offset 

Note:  The most important thalweg features to measure are; riffle crests, breaks in 
slope, and the deep points of pools.   
Always measure the beginning, middle and end of any feature.  
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Measure the elevation whenever the channel bed changes slope.  Where the slope 
is relatively uniform (e.g. a long run, riffle or pool) measurements can be farther 
apart but not more than 15’.  

• Step 4:  Follow the above procedure until the instrument person can no longer see the 
stadia rod. The line of sight may be blocked by vegetation or the stream may curve.  

Note:  Vegetation can be moved by using bungee cords to tie it back. 

Directions for Moving the Instrument (Turning Points) 
• Step 1:  Finding a stable foresight elevation. 

Pick a point for a foresight that is stable. 
Note:  A boulder, a nail hammered into a piece of large wood or a stake are all 
good choices. 

• Step 2:  Recording a Turning Point (TP) foresight. 
In the HD column write TP1 instead of the horizontal distance. Record the elevation in 
the foresight (FS) column.  

Note:  For accuracy, repeat the turning point foresight by removing the rod and 
then replace it in the same spot, verify elevation. 

• Step 3:  Moving the engineer’s level. 
Setup the level at a location where both the TP and the thalweg of the study reach are 
visible. The line-of-sight of the level must be higher than the TP. 

Note:  To set up the level follow the instructions in Surveying Basics in Appendix 
C.    Choose the location to minimize the number of times the level will have to be 
moved. Moving the level adds time and potential error to the survey. 

• Step 4:  Recording a Turning Point (TP) backsight 
Place the rod in the exact spot the TP1 foresight was taken.  In the HD column write TP1 
instead of the horizontal distance. Record the elevation in the backsight (BS) column. 

Note:  For accuracy, repeat the turning point backsight by removing the rod and 
then replace it in the same spot, verify elevation. 

• Step 5:  Continue surveying the thalweg along the horizontal distance tape. 
Note:  Follow the above steps every time the engineer’s level is moved. 

Directions for Closing the Survey 
• Step 1:  Ending the thalweg survey. 

Always end the survey at the designated ending point.  Continue surveying up to the end 
of the designated reach if your last tape lay was short of the ending point. 

• Step 2:  Differential Survey. 
After you have reached the end of the horizontal distance for the longitudinal survey, you 
must run a differential survey back to the benchmark. The elevation of the benchmark at 
the end of the survey is compared to its original value. This process is known as closing 
the survey. Closing the survey is accomplished by executing a number of turning points 
from the end of the longitudinal survey back to the primary benchmark. The difference 
between the calculated elevation of the benchmark and its original value is the error.  

Note:  To close the survey you want to use the shortest way back to the beginning 
(primary benchmark).  It is sometimes easiest to use a road or trail that parallels 
the stream. 
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For more information consult the Differential Level Survey section in Surveying Basics, 
Appendix C.  

Clean-Up 
Remove all the temporary stakes from the channel bed. Remove all the excess flagging. Wind up 
all of the tapes. Pick up any trash you may have dropped. 
 

Cross-section Survey 
Permanent cross-sections are essential for monitoring the stream channel.  Additionally, the 
cross-sections sites provide established locations for pebble counts and photo surveys.   
Each of our study reaches has three monumented cross-sections and they are surveyed in 
conjunction with the longitudinal survey.  The cross-sections are placed at pool tail crests to 
document salmonid spawning habitat.  Stakes are placed on opposite streambanks to mark each 
end of the cross-section. The line connecting the stakes should be at right angles to the stream 
flow. Distance along the cross-section is referenced to the stake on the left bank (facing 
downstream).  
 
The rod is read on top of the left bank stake.  The rod is then placed on the ground next to the 
stake and read. The rod person then places the rod on a series of points across the channel. The 
distance is recorded and the rod is read at every break in slope.  A break in slope is the point 
where the angle of the ground surface changes (for example, at the top of a bank there is a 
distinct change in the slope of the ground surface).  
 
The rod and distance should also be read at every significant channel feature such as the top of 
bank, bankfull indicators, bottom of the bank, edge of water and the thalweg (deepest point in 
channel).  
 
Before starting to survey always review the material in Surveying Basics, Appendix C. 

Directions for Performing a Cross-section Survey 
• Step 1:  Monument the cross-section.  

Install fence posts outside of bankfull on the left and right banks in a line that is 
perpendicular to the flow.   

• Step 2:  Delineate the cross-section data.  
In your level notebook draw a line below your last entry for the thalweg survey.  Note 
that this is the start of a cross-section and the cross-section number. 

• Step 3:  Measuring the cross-section. 
Starting at left bank lay a tape between the fence posts. Stretch the tape from the left bank 
stake to the right bank stake. Read and record the horizontal distance between the stakes.   

Note:  Leave the tape stretched to guide the rod person as she/he moves from 
point to point along the cross-section. 

• Step 4:  Surveying the cross-section.  
1. Start the survey at the left bank stake. Place the rod on top of the left bank stake 

and record the elevation as a foresight.  The HD will be zero and under comments 
you will note that this elevation is at the top of the left bank stake.  
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2. Place the rod vertically on the ground next to the stake. Read the rod and record 
the value as a foresight. The cross-section distance of this elevation is also zero.  
Note in the comment section that this elevation is the base of the left bank stake. 
Note:  All elevations for the cross-section will be foresights unless you need to 
move the instrument. 

3. Then proceed to the next break in slope or the next channel feature, such as the 
bankfull stage or wetted width.  
Note:  The elevations of all breaks in slope, bankfull stage, wetted width and the 
thalweg need to documented by identifying those elevations in the comment 
section.    
The maximum spacing between elevations cannot be greater than 5% of bankfull 
width. 

• Step 5:  Ending the cross-section survey. 
Continue shooting the elevation and recording the distance at each point along the cross-
section. Finish the cross-section by taking the elevation at the base of the right bank stake 
and then on top of the right bank stake.  

Note:  If the tape is too high for the rod person to read the instrument person can 
read the distance from the instrument to the rod using the stadia lines (see the 
Basic Surveying protocol). If the distance between the rod and the instrument is 
measured, make sure that it is recorded as such. It will be necessary to convert 
the distance from, “the distance from the instrument” to, “the distance from the 
left bank stake”. 
Occasionally you will have to move the instrument to complete the cross-section 
survey. This may happen if an obstacle such as a large tree limb is blocking your 
line of sight. Do your turning points before and after you move the instrument. 
Follow the instructions in Surveying Basics, Appendix C.  

• Step 6:  Photo documentation. 
Stand in middle of channel at cross-section.  Take photos of the stream channel; first 
looking downstream then upstream.  Record photo numbers in your level notebook. 

Note:  Photo documentation is repeated at all cross-sections and the start point 
(0+00’) and end point (10+00’) 

Clean-Up 
Remove all the temporary stakes from the channel bed. Remove all the excess flagging. Wind up 
all of the tapes. Pick up any trash you may have dropped. 

References 
Harrelson, Cheryl C., C. L. Rawlins, John P. Potyondy, (1994) Stream Channel Reference Sites: 
An Illustrated Guide to Field Technique, USFS General Technical Report RM-245. 

 
Jackson, Dennis, Marcus, Laurel (1999) Creating a Watershed Atlas and Monitoring Program, 
Watershed Stewardship Workbook. 
 
Leopold, Luna B., A View of the River, 1994, Harvard University Press, Cambridge, MA. 
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GRWC Monitoring Equipment List 
    
Station:  _______________________ Date:  _______________ 
    
Crew:  ________________________ 
    

Equipment Serial Number 
Surveying Book   
200' Fiberglass Tape   
150' Fiberglass Tape   
Carpenters 25' Steel Tape   
Spencer Tape   
Metric Ruler   
Engineers Level   
Tripod for Engineer Level    
Bullet Level   
Stadia Rod   
Stadia Rod Level   
Compass   
Densiometer   
Clinometer   
Camera   
Fence Post Hammer   
Maul   
Electric Drill   
Ratchet   
Machete and/or Clippers   
Other:   
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Introduction 
The composition of the streambed (substrate) is an important factor in how streams behave.  
Observations tell us that steep mountain streams with beds of boulders and cobbles act 
differently from low gradient streams with beds of sand or silt.  This difference can be 
documented with a quantitative description of bed material. 
 
The most efficient basic technique is the Wolman Pebble Count (1954).  Pebble counts can be 
made using grids, transects, or random step-toe procedure.  We use a step-toe procedure here.  
Pebble counts are conducted at the three cross-sections in the study reach. 
 
Starting at bankfull, the riffle is traversed and every three feet the surveyor randomly selects a 
pebble.  The pebble is measured at the intermediate axis.  It is important for the surveyor to avert 
their eyes and pick up the first particle touched by their index finger at the toe of your wader. 
This continues in a zigzag pattern transecting the stream until 100 pebbles are measured. 
 
Pebble counts are easier if you have two surveyors.  One to act as the observer who will wade the 
stream and measure the pebbles and the other as data recorder who remains on the bank. 

Directions for Performing a Pebble Count 
• Step 1:  Start the transect. 

1. Select the closest riffle downstream from the cross-section.   
2. Record the Horizontal Distances (HD) of the downstream and upstream ends of the 

riffle. 
3. Select a random starting point (perhaps by tossing a pebble) at one of the bankfull 

elevations.   
4. Averting your gaze, pick up the first particle touched by the tip of your index finger at 

the toe of your wader. 
• Step 2:  Measure the intermediate axis (Figure F-1). 

Measure (with the metric ruler) the intermediate axis (neither the longest nor the shortest 
of the three mutually perpendicular sides of each particle picked up) 

Note:  To measure embedded particles or those too large to be moved in place, 
measure the smaller of the two exposed axis.  

• Step 3:  Call out the measurement.   

 
 
 
 

Appendix F 
Pebble Counts 
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To make sure the recorder has heard the correct measurement have the note taker repeat 
back the information for confirmation. 

• Step 4:  Take one step across the channel in the direction of the opposite bank and repeat 
the process.  

• Step 5:  Traverse across the stream 
perpendicular to flow.  Continue your 
traverse of the cross-section until you 
reach an indicator of bank-full stage on 
the opposite bank so that all areas 
between bank-full elevations are 
representatively sampled.  Move up and 
down the stream in a zigzag fashion. 

• Step 5:  Continue to pick up particles 
until you have 100 measurements. 

 

Equipment and Forms List for 1,000 ft. Reach 
 

Clear plastic metric ruler (meters) 
2 sheets of Pebble Count Forms (4 forms) 

Clipboard 
Pencils 

Clean-Up 
Remove all the temporary stakes from the channel bed. Remove all the excess flagging. Wind up 
all of the tapes. Pick up any trash you may have dropped. 

References 
Harrelson, Cheryl C., C. L. Rawlins, John P. Potyondy, (1994) Stream Channel Reference Sites: 
An Illustrated Guide to Field Technique, USFS General Technical Report RM-245. 

 
Jackson, Dennis, Marcus, Laurel (1999) Creating a Watershed Atlas and Monitoring Program, 
Watershed Stewardship Workbook. 
 
Leopold, Luna B., A View of the River, 1994, Harvard University Press, Cambridge, MA. 

 

Data Field Form 
To assist in the collection and organization of site-specific information, a field data form can be 
found below.  Please photocopy the form onto Write-in-the-Rain paper for data collection 
activities. Please use a No. 2 pencil. 

Figure F-1:  Pebble Axis 
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Station:       
Date
:     

Crew
:        Station:       

Date
:     

Crew
:       

                                                 
Distance:       Cross-section number:        Distance:       Cross-section number:       
                                                 
Pebble Count            Pebble Count           

1     26     51     76      1     26     51     76     
2     27     52     77      2     27     52     77     
3     28     53     78      3     28     53     78     
4     29     54     79      4     29     54     79     
5     30     55     80      5     30     55     80     
6     31     56     81      6     31     56     81     
7     32     57     82      7     32     57     82     
8     33     58     83      8     33     58     83     
9     34     59     84      9     34     59     84     

10     35     60     85      10     35     60     85     
11     36     61     86      11     36     61     86     
12     37     62     87      12     37     62     87     
13     38     63     88      13     38     63     88     
14     39     64     89      14     39     64     89     
15     40     65     90      15     40     65     90     
16     41     66     91      16     41     66     91     
17     42     67     92      17     42     67     92     
18     43     68     93      18     43     68     93     
19     44     69     94      19     44     69     94     
20     45     70     95      20     45     70     95     
21     46     71     96      21     46     71     96     
22     47     72     97      22     47     72     97     
23     48     73     98      23     48     73     98     
24     49     74     99      24     49     74     99     
25     50     75     100      25     50     75     100     

                                                 
 

Final Version 3.1 4/1/2008



Gualala River Watershed Council                                                                                                Appendix G - 1 
               

Introduction 
Large Woody Debris (LWD) is known to be an important structural element of stream channels.   
It improves juvenile Coho salmon and steelhead trout summer rearing habitat by increasing the 
numbers and depths of pools.  Large amounts of LWD also increase winter cover that is critical 
for salmonid protection from predation and high water velocity. 
 
All wood pieces greater that 6” in diameter and 4’ long that are within the stream channel or the 
pith breaks the bankfull plane are included in the survey.  The thalweg tape layed for the 
longitudinal survey is used to record the horizontal distance of the pieces.  As the team walks up 
the channel each piece is numbered and tagged for tracking purposes and the horizontal distances 
are recorded.  The type of piece is determined as log or root wad and species is recorded. Total 
length and the length within bank-full are measured.  Using a Spenser tape the team measures a 
number of different diameters including diameter at bankfull LWD must always be measured 
with a Spenser tape.   
 
The LWD survey will always be conducted in 200’ segments after each tape lay of the 
longitudinal survey has been completed.  It is important to work as a team.  One surveyor is the 
recorder and their duties consist of reading the horizontal distance, recording the measurement 
information and helping to take the physical measurements.  The other surveyor is the LWD 
tagger and the primary measurement taker. 
 
In small streams bankfull and the LWD is fairly evident from mid-channel so you can inventory 
both banks as you walk up the steam segment.  In larger streams it may be necessary to survey 
the left and right banks separately.   

Directions for Performing the LWD Survey 
• Step 1:  LWD form. 

Fill out the LWD form with all location, date and crew information. 
• Step 2:  Horizontal distance. 

Start at the beginning of your tape, which will be the downstream position of your 
segment.   

Note:  If it is the start of the study reach then your starting point is 0+00’.  
• Step 3:  LWD size assessment. 

1. Determine if the piece is 6 inches in diameter for a length of 4 feet.  If not, the 
piece is too small to include in the survey and is not considered to be LWD.   
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2. Next determine if the piece is in the bankfull channel.  LWD that is partially 
within bankfull is included if the pith breaks the bankfull plane of the bankfull 
line. 

• Step 4:  LWD Horizontal Distance. 
If the piece is considered to be LWD then first determine and record the horizontal 
distance.  The horizontal distance is always taken at the LWD downstream point of 
contact. 

• Step 5:  LWD Number. 
Tag and number the piece.  Record the number on the form.  Plastic tags with pre-
determined numbers will be provided.  In addition, with the landowner’s permission, 
spray paint the number so it is visible from the survey channel.   

Note:  Staple guns will be used to secure the tags.  Try to attach tags in cavities or 
areas that are protected.  Painting large numbers on the LWD will assist future 
survey crews. 

• Step 6:  LWD Species and Location. 
Determine the LWD Species and record the wood Location.  If the pith of the LWD 
breaks the bankfull plane then the wood is not considered to be in bankfull but on the left 
or right bank.   

Note:  Left and right bank are always determined by looking downstream.   
• Step 7:  LWD Quality. 

First decide if the piece is part or a logjam or possibly perched above the stream.   If not, 
then decide if the piece is keyed in or mobile.  Always envision the piece reacting to 
bankfull stage to make this determination.   

• Step 8:  LWD Source. 
To determine the source of the LWD first look to see if the wood is part of a restoration 
project.  Wood that has been manually placed in the streams is usually marked.  If you 
can’t see markings you can sometimes see cables or bolts.  If the wood does not appear to 
be part of a restoration project then try to determine how the piece entered the stream. 
Most pieces will be simply “unknown” which means the origin cannot be determined. 

• Step 9:  LWD Total Measurements. 
a. Length:  If the LWD is a log measure the total length.  If the LWD is a log with a root 

wad attached, measure only to 1 ft. above assumed ground level of the tree if it was 
upright.    

Note:  The rootwad will be measured separately.  Measurements for length are 
taken to the original LWD size parameter of 6” in diameter.  Always stop your 
length measurement when the diameter of the LWD goes below 6”.   

b. Diameters:  First measure the large end of the log this is the D1.  If the log has a root 
wad attached then measure the diameter at 1 ft. above assumed ground level.  Second 
measure the small end this is the D2.  

Note:  For diameter measurements make sure you use the appropriate side of the 
Spenser tape (the numbers are red).   Remember, the small end diameter will 
never be less than 6”.   

• Step 10:  LWD Bankfull measurements.   
Note:  You will always measure the portion of the log that is within bankfull as if 
it is a separate log. 
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a. Length:  If the LWD is a log measure the length of the log within bankfull.  This 
means measure from the instream end of the log to where it breaks the bankfull line or 
plane.  If the LWD is a log with a root wad attached, remember to measure only to 1 
ft. above assumed ground level of the tree if it was upright.   If the whole log is within 
bankfull then the Bankfull length is equal to the Total length. 

Note:  The rootwad will be measured separately.  Measurements for length are 
taken to the original LWD size parameter of 6” in diameter.  Always stop your 
length measurement when the diameter of the LWD goes below 6”.   

b. Diameters:  First measure the large end of the log this is the D1.  Depending how the 
log is situated this measurement could be either the instream end of the log or the 
diameter of the log where it breaks the bankfull line or plane.  If the whole log is 
within bankfull then the Bankfull diameters are equal to the Total diameters.  If not, 
then measure the length of the log within bank-full and record as bankfull length.  
Second measure the small end this is the D2. 

Note:  For diameter measurements make sure you use the appropriate side of the 
Spenser tape (the numbers are red).   Remember, the small end diameter will 
never be less than 6” and if the log has a root wad attached then measure the 
diameter at 1 ft. above assumed ground level.   

• Step 11: LWD Rootwad Measurements. 
Root wads are measured by first measuring the height of the wad.  This is the distance 
from the roots to 1 ft. above ground level point.  Next measure the width and then the 
depth. 

Equipment & Forms List for 1,000 ft. Reach 
 

Installed Horizontal Distance Tape (200 ft.) 
Spenser Tape 
Large Wood Forms (5) 
Clipboard 
Pencils 

Paint 
Plastic Numbered Tags  
Aluminum Tags and Nails  
Hammer and Staple Gun  

 
  

Clean-Up 
Remove all the temporary stakes from the channel bed. Remove all the excess flagging. Wind up 
all of the tapes. Pick up any trash you may have dropped. 

Data Field Form 
To assist in the collection and organization of site-specific information, a field data form can be 
found attached.  Please photocopy the form onto Write-in-the-Rain paper for data collection 
activities. Please use a No. 2 pencil. 

References 
Harrelson, Cheryl C., C. L. Rawlins, John P. Potyondy, (1994) Stream Channel Reference Sites: 
An Illustrated Guide to Field Technique, USFS General Technical Report RM-245. 
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Jackson, Dennis, Marcus, Laurel (1999) Creating a Watershed Atlas and Monitoring Program, 
Watershed Stewardship Workbook. 
 

Leopold, Luna B., A View of the River, 1994, Harvard University Press, Cambridge, MA. 

 
State of California Resources Agency, Department of Fish and Game (1998), California 
Salmonid Stream Habitat Restoration Manual, Third Edition. 
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Large Woody Debris Inventory Form           
Modified on 

03/10/03 
      Species Code Location Code Quality Code Source   Code 
Station ID:     Redwood 1 In Bankfull 2 Keyed  1.0 Unknown 1.0 
      Douglas Fir 2 Left bank* 3 Digger wedged 1.2 Green Unknown 1.4 
Date:     Pine   3 Right bank* 4 Digger cabled  1.3 Windthrow 5.0 
      White Wood 4 Bank to bank 5 Buried   1.4 Green Windthrow 5.4 
Crew:     Tanoak 5 Mobile 2.0 Undercut Bank 6.0 
      Alder   6 Log Jam   5.0 Green UC Bank 6.4 
Reach    Maple 7 Perched 6.0 Landslide 7.0 
Length:     Willow 8   Green Landslide 7.4 
      Other HW 9 

Note:  To qualify as LWD 
a piece of wood must be at 
least 6" in diameter for 4' 
in length. 

      Project   9.0 
Distance LWD# Sp. Loca- Quality Source  Log Total Log Bankfull  Root Wad Size (Feet) 
From 0'     tion     Length D1 D2 Length  D1 D2 A Axis B Axis C Axis 
(Feet)             Large Small   Large Small Height Width Width 

              End End   End End       
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
* Left bank and right bank determined by looking down stream.       
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Introduction 
Riparian surveys use a fixed 20th acre plot every 200’ starting at the zero point along the steam 
monitoring reaches.  The plots run perpendicular to the stream channel, are 21.8’ wide and 
extend from a permanent point at bankfull to a permanent point 100’ inland (adjusted for slope).  
All trees larger than 5.6” in diameter at breast height (DBH) are recorded as to size, species and 
placement within the plot.  A sampling method for tree height allows for a statistical projection 
of tree height per acre.  A smaller 100th acre lesser vegetation plot is established 15’ inland from 
the bankfull point.  The lesser vegetation survey records the number and the species of trees and 
brush less than 5.6” DBH plus the vegetation type and percent of ground cover. 
 
Canopy density is measured by using a spherical densiometer.  Measurements are taken in 
conjunction with the riparian surveys every 200 ft. starting at the zero point of the survey reach.  
The density is measured at center of channel, left and right bank and 50 ft. inland from bankfull. 
 
The Riparian surveys need to be conducted by a survey team (2 or more) and are completed after 
the longitudinal profile and LWD surveys are finished.  The start or zero points of the riparian 
plots are always the left and right bankfull sites that were flagged during the longitudinal survey. 
 
Riparian surveys are not conducted where the slope is greater than 75%. 
 
Before starting the riparian survey review the material in Field Equipment, Appendix D. 

Directions for Performing the Riparian Survey 
• Step 1:  Riparian survey form. 

Fill out the top box of the riparian survey form.  Include station (reach name & number), 
date, the form number in relationship to the total number of riparian forms for the study 
reach and crew names.  For plot location always use the HD of the plot along the study 
reach.  Make sure you designate left or right bank (i.e. 0+00RB). 

Note:  Left and right bank are designated when looking downstream.   
• Step 2:  Laying out the riparian plot. 

1. Always start with the left bank plot.  Place rebar at the bankfull point, paint for easier 
identification.   

2. Using your compass, stand perpendicular to the stream then sight on a feature 
approximately 100 ft. inland and record the azimuth on your plot form. Keep the 
bearing on your compass because this will be the lay line for your tape.  

 
 
 
 

Appendix H 
Riparian Surveys 
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Note:  The reciprocal bearing is the tape lay line for the right bank plot. 
3. Attach the riparian plot lineal tape to the rebar.  This will be your start point (zero).   

Note:  This tape will be in feet and inches. 
4. One team member stays at bankfull, the second team member starts to lay the tape 

100 ft. inland using a compass and following the plot bearing. 
5. As the second team member lays the tape they flag both the 15 ft. point and the 50 ft. 

point.  This will be the center of the 100th acre lesser vegetation plot (15 ft.) and 
where canopy density (50 ft.) is measured. 

• Step 3:  Determining slope. 
The horizontal distance of the plot is always adjusted to compensate for slope.   A 
clinometer and the slope adjustment table are used to develop a specific horizontal 
distance for each riparian plot. 
1. Using a clinometer, the team member at bankfull sights on the team member at 100 ft. 

Note:  To determine slope the person using the clinometer always sights on an 
object at eye level.   

2. Record the slope percent and using the slope adjustment chart (Table 2) determine 
and then record the true horizontal distance.  

3. The team member now adjusts the tape to the true horizontal distance and places and 
paints a piece of rebar.  Flag above the rebar for easy identification. 

• Step 4:  Measuring tree diameters. 
Record the location and measure the diameter of all trees that are larger than 5.6” 
diameter at breast height (DBH) within 10’, 10.7” of either side of the tape.  In addition, 
record the distance and measure the diameter of any downed log at the point the tape 
transects the log.  
1. First determine if the tree is within the plot.  If it is larger than 5.6” DBH and located 

within 10’ 10.7” of either side of the tape then fill in the location number. 
Note:  The location number is the distance the tree is from bankfull on the 
horizontal distance tape. 

2. Using the code tables attached to your Riparian Form fill in the codes for Tree 
Species (Table 2) and Group (Table 4). 

3. Using a Spenser tape measure the diameter and record. 
4. If a log transects the tape, is larger than 4 inches in diameter for 6 ft in length then 

record Location, Species and Group and measure the diameter at the point the log 
transects the horizontal distance tape. 

Note:  Downed logs are only measured if they transect the horizontal distance 
tape. 

5. Continue until all trees are measured and recorded.  
• Step 5:  Measuring tree height. 

Measure the diameter, height and crown ratio of the first 3 conifers from bankfull in the 
riparian plot. 
1. After recording the Location, Species and Group of the first conifer from bankfull 

attach a Spenser tape to the tree.  Walk 66 feet to an area where you can see the base 
and the top of the tree.   

Note:  Although it is not always possible, the reading will be more accurate if you 
try to stay at the same elevation as the tree you’re measuring. 
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2. Using a clinometer first site on the base of the tree, record.  Make sure you record 
whether the number is negative or positive.  Next site on the top of the tree, record 
reading in the Top column.  Using the formula, add negative numbers and subtract 
positive numbers, record tree height in the Total column. 

3. Next estimate the percent of live crown.   
4. Measure the diameter, height and crown ratio of the next two conifers, for a total of 3 

conifers. 
• Step 6:  100th Acre Lesser Vegetation Plot. 

Lesser vegetation plots are fixed radius plots measured 11.78’ from a point 15’ inland 
from the bankfull rebar.  Trees less than 5.6” DBH are recorded along with the percent of 
lesser vegetation ground cover. 
1. Stand at the 15’ point along the horizontal distance tape.  This will be the center of 

the fixed radius plot.  Extend a tape out 11.78”.   
2. Rotate the tape 360 degrees and record all trees less than 5.6” DBH as to Species, 

Group and Diameter that are within the circle. 
Note:  Lesser vegetation trees may be grouped into size categories by species. 

3. Next within the same plot area, record the lesser vegetation using the codes listed in 
Table 3.  Estimate the percent of area covered for each lesser vegetation species 
within the plot area and record in the % Cover column. 

Note:  The total of the % Cover column for the lesser vegetation may be larger 
than 100% because of vegetation layers. 

• Step 7: Canopy density. 
In the study reach canopy density is always surveyed in conjunction with the riparian 
plots.  Density is measured using a spherical densiometer at the center of channel, left and 
right bank at bankfull and left and right at the 50’ point in the riparian plots.   
1. Fill out canopy form with station (reach name & number), date and crew initials. 
2. Next fill out the plot location.  This will be the horizontal distance of the riparian plot 

along the study reach. 
3. Measure the bankfull width by stretching a tape from the left bankfull rebar to the 

right bankfull rebar, record.   
4. Stand in the center of channel between the bankfull rebar facing upstream.  Hold the 

densiometer 12-18 inches in front of your body and at elbow height, so that your head 
is not visible in the mirror.  Make sure the level bubble is level.   

5. In each square of the grid, assume that there are four dots, representing the center of 
quarter-square subdivisions of each of the grids.  Systematically count the number of 
dots NOT occupied by canopy.  

6. Multiply the total count by 1.04 to obtain the percent of overhead area not occupied 
by canopy,  

7. The difference between this and 100 is the canopy cover in percent.  Record this 
number in Column 1.  Make four readings per location – start by facing upstream then 
turn in a clockwise fashion taking a reading every 90 degrees – and average them to 
provide an estimate of canopy cover from that point. 

8. Repeat the above instructions at all canopy measurement sites.  
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Clean-Up 
Wind up all of the tapes. Pick up any trash you may have dropped. 
 

Equipment List for 1,000 ft. Reach 
 

Compass 
Clinometer 
Spherical Densiometer 
Calculator 
200 ft. tape (tenths) for Bankfull Width 
150 ft. tape (inches) for Riparian Plots 

Spenser tape  
24 pieces of rebar  
Hammer 
Paint 
Flagging 

 

Forms List for 1,000 ft. Reach 
 

 

12 sheets of Riparian Survey Forms (24 forms) 
1 Set of Riparian Tables (Tables 1-4) 
1 Canopy Density Form 
Clipboard 

 

Pencils 
Permanent Marker (black) 
Study Reach Level Notebook  

 
 

 

References 
Dr. James D. Arney, Forest Biometrics, Forest Projection and Planning System (FPS) 
 
State of California Resources Agency, Department of Fish and Game (1998), California 
Salmonid Stream Habitat Restoration Manual, Third Edition. 
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Riparian Survey Form  Riparian Survey Form 
Station ID:     Date:       Page:    Of:      Station ID:     Date:       Page:    Of:     

Plot   Fixed   Minimum Vegetation     Plot   Fixed   Minimum Vegetation    
Location:     Plot:  20th acre   DBH:  5.6" Plot:  100th Acre  Location:    Plot:  20th acre   DBH:  5.6" Plot:  100th Acre 

Slope:     Azimuth:     Offset from HD tape: 10’, 10.7”  Slope:     Azimuth:     Offset from HD tape: 10’, 10.7” 
                                  

20th Acre Plot   100th Acre Plot  20th Acre Plot   100th Acre Plot 
     Tree Height & % Crown       %       Tree Height & % Crown       % 

Location Species Group DBH Base Top Total Crown Species Group DBH Cover  Location Species Group DBH Base Top Total Crown Species Group DBH Cover 
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Riparian Survey Tables 
Table 1  Table 2  Table 3  Table 4 

Slope                
Adjustment Table   Tree Species  Lesser Vegetation  Group 

% Of Horizontal   Survey Species  Survey Species  Survey Description 
Slope  Distance (feet)  Code    Code    Code   

0 100'  BM Big-leaf Maple  AZ Azalea  .. Green Trees 
5 100.12'  BP Bishop Pine  BE Berry, Sp.  .D Snag  

10 100.15'  BO California Black Oak  BB Blue Blossom  DD Down Log 
15 101.12'  LO Canyon Live Oak  CE Ceanothus, Sp.  LV Lesser Vegetation 
20 101.98'  DF Douglas Fir  CO Coffee Berry  .P Planted Tree 
25 103.08'  GC Golden Chinquapin  CB Coyote Brush  .C Fresh Stump 
30 104.4'  GF Grand Fir  OG Dwarf Oregon Grape    
35 105.95'  PM Madrone  EH Evergreen Huckleberry    
40 107.7'  CX Misc. Conifers  EQ Equisetum Sp.    
45 109.66'  HX Misc. Hardwoods  FN Ferns Sp.    
50 111.8'  BL Pepperwood (Bay)  FW Fireweed    
55 114.13'  PP Ponderosa Pine  FO Forbes    
60 116.62'  RA Red Alder  GR Grass    
65 119.27'  RW Redwood  LU Lupine    
70 122.07'  SP Sugar Pine  AR Manzanita    

75 125'  TO Tanoak  PG Pampas Grass    
   MY Wax Myrtle  PO Poison Oak    
   WH Western Hemlock  RH Red Huckleberry    
   WI Willows  RD Rhodendron    
      RO Roses    
      SA Salal    
      SB Scotch Broom    
      TH Thistle, Sp.    
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Canopy Density Form 

                        
Station ID:        Date:       Crew:     
                        
Plot             1 2 3 4 Avg. 
Location:      Channel center           

     Bank full left           
BF Width:     50' left            
     Bank full right           
        50' right               
Plot             1 2 3 4 Avg. 
Location:      Channel center           
     Bank full left           
BF Width:     50' left            
     Bank full right           
        50' right               
Plot             1 2 3 4 Avg. 
Location:      Channel center           
     Bank full left           
BF Width:     50' left            
     Bank full right           
        50' right               
Plot             1 2 3 4 Avg. 
Location:      Channel center           
     Bank full left           
BF Width:     50' left            
     Bank full right           
        50' right               
Plot             1 2 3 4 Avg. 
Location:      Channel center           
     Bank full left           
BF Width:     50' left            
     Bank full right           
        50' right               
Plot             1 2 3 4 Avg. 
Location:      Channel center           
     Bank full left           
BF Width:     50' left            
     Bank full right           
        50' right             
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Monitoring Objectives 
1. Collect streamflow and water quality data during the rainy season at selected 

monitoring stations to establish baseline water quality conditions.  
2. Monitor water quality and streamflow over several winters and attempt to 

establish trends in water quality conditions. 
3. Develop a  data set for water quality and streamflow in a Gualala River sub-

watershed for future comparisons to other locations. 

Monitoring Overview 
Please refer to Harrelson, Cheryl C., C. L. Rawlins, John P. Potyondy, (1994) Stream Channel 
Reference Sites: An Illustrated Guide to Field Technique, USFS General Technical Report RM-
245 for the specific procedures for measuring and monitoring stream discharge. 

Establish Monitoring Stations 
1. Install staff plate  
2. Survey cross-section and staff plate elevation 
3. Establish the “course” for observations of surface float velocity 

Data Collection 
1. Upon arrival at monitoring station, record the following 

a. Sample location (monitoring station name) 
b. Date and time 
c. Description of weather conditions and flow conditions 
d. Gage height of water surface 
e. Repeat gage height observation 

2. Water quality sample collection  
a. Turbidity sample (grab sample from surface as near center of channel as possible 

for immediate processing using field turbidity meter) 
b. Suspended sediment sample (depth integrated using DH- 48 for laboratory 

analysis for Total Suspended Solids; remove a sample aliquot for turbidity 
measurement using field meter) 

c. Note approximate location of sample location in relation to staff plate and 
centerline of channel (e.g. “5 ft downstream of staff plate from surface 4 ft from 
left edge channel”) 

 
 
 

Appendix I 
Stream Discharge, Turbidity, and Total Suspended 
Solids 
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3. Discharge measurement using the current meter AND/OR float velocity observations 
(minimum of 6) 

4. Repeat 2 above 
5. Repeat 1-4 above at each sampling station 
6. Perform turbidity measurements on samples immediately following completion of 

sampling circuit (process all samples at the same time, noting the time of sample 
processing) 

7. Complete sample storage and chain of custody forms; shipment to laboratory to be 
arranged. 

8. Photocopy data sheets and instrument logs; notify data coordinator regarding data 
collected. 

Monitoring Procedures 
 

• Step 1:  Site Information. 
1. Fill in the appropriate station at which observations and samples are collected. 
2. Record initials of the individuals collecting observations and samples. 
3. Date and time of arrival at site. 

• Step 2:  Current weather.   
Circle one of the five choices that best describes the weather conditions at time of arrival 
at the site.  If conditions change significantly, this can be noted in #7. 

• Step 3:  Flow conditions.   
This provides two descriptions of stream flow conditions described below. 
1. Circle one of the three choices that best describe the appearance of the water in the 

stream. 
2. Circle one of the four choices that best describe stream flow conditions regarding 

whether the stream is at or near a steady and low base flow, whether the stream is 
rising, falling or at or near a steady peak discharge. 

3. Water temperature measured in the field; circle F if Fahrenheit or C if Centigrade 
degrees (see Appendix B) 

• Step 4:  Previous weather.   
This provides two types of descriptions of recent weather affecting streamflow; it is 
possible that choices from 6a and 6b may apply.  Note that this will be used as a 
supplemental description of rainfall records from rain gages in the watershed. 
1. Circle one of the two choices pertaining to preceding dry weather. 
2. Circle all of the four choices that apply pertaining to preceding rainy weather. 

• Step 5:  Comments.   
Note any additional information, problems or issues that may affect the data reported.  If 
stream flow is very high and wading the stream is not safe, note that here. 

• Step 6:  Water surface elevation.  
Data collected pertain to the elevation of the stream observed at the staff plate (stream 
gage).  Observations are made twice as described below. 
1. Time and elevation (staff plate reading) before discharge measurement (or float 

velocity). 
2. Time and elevation after discharge measurement (or float velocity). 

• Step 7:  Crest gage reading.   
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These measurements pertain to previous high water elevation recorded at the crest gage 
by water dissolving toothpaste smeared on a cedar grapestake fitted inside the PVC tube 
near the staff plate. 
1. Measure and record the distance from the top of the grapestake to the end of the 

toothpaste remaining on the grapestake, 
2. The adjustment factor needed to convert 9a to the equivalent water surface elevation 

on the staff plate; a value will be established for each station based on cross-section 
survey data. 

3. Adjusted peak water surface elevation at the gage (staff plate). 
• Step 8:  Water quality samples.   

Three samples are collected: two grab samples and one depth-integrated sample using a 
DH-48 suspended load sampler (refer to DH-48 manufacturer’s instructions or USGS 
Field Methods for additional details of sampling procedure).  Grab samples are collected 
from the surface in a bottle as near to the thalweg (location of highest stream velocity) 
and are analyzed for turbidity at the end of the day.  The DH-48 sample is sent to a 
contract laboratory for analysis of Total Suspended Solids (TSS); a small portion of this 
sample is used for turbidity analysis. 
1. Grab sample #1 is collected prior to discharge measurement. 
2. DH-48 depth integrated sample is collected in the thalweg (if possible) after the 

discharge measurement is completed. 
3. Grab sample #2 is collected immediately after the DH-48 sample. 
4. Date & time turbidity analysis is conducted, results of analysis, and the initials of the 

individual conducting the analysis. 
5. Remarks regarding any special circumstances or conditions affecting the timing, 

location or quality of water samples. 
6. Chain of custody information: Storage conditions for sample #2 for subsequent 

delivery to laboratory for analysis.  Include location (address/residence), date & time, 
and storage conditions (ice chest, refrigerator, etc.) 

• Step 9:  Discharge measurement field observations.   
Refer to USGS instructional materials for detailed instructions at background on the 
technique.  Not to be performed by a novice. 
1. Position on discharge measurement cross section measured with zero located on the 

left bank (facing downstream).  This position defines the center of each discharge 
sub-cell for which a velocity measurement is obtained.  LEW is the horizontal 
position of the left edge of water;  REW is the horizontal position of the right edge of 
water facing downstream. 

2. Water depth at the velocity measurement position corresponding to location (a) 
above. 

3. Velocity measurement depth-point where velocity meter is positioned on the top set 
rod.  The top set rod is designed to allow rapid positioning of velocity meter at above 
the bed equivalent to 0.4 times the water depth; this is equivalent to the position 0.6 
times the depth below the water surface. 

4. Record the number of revolutions of the current meter as expressed by the number of 
audible “clicks” in the time interval selected (minimum 20 seconds or as specified by 
USGS guidance).  For relatively low velocity flows, the sensor wire should be 
positioned to graze the single-revolution cam on the current meter axle.  For high 
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velocity flows, the wire should be positioned to graze the five-revolution cam on the 
current meter axle.  The selected cam for the discharge measurement is set at the 
beginning of the measurement and should not be changed after measurements begin. 

5. Length of velocity measurement interval in seconds.  This can vary for different 
locations in the cross-section, but should not be less than 20 seconds. 

6. Mean water velocity computed from current meter rating table.  This column is left 
blank in the field.  Qualified personnel perform computations in the office. 

7. Discharge of flow cell.  This column is left blank in the field. Qualified personnel 
perform computations in the office.   Discharge of the cell is calculated as the product 
of the width of the cell (horizontal distance between adjacent flow cells entered in 
column a), flow depth at the center of the cell (entered in column b), and the mean 
velocity of the cell (column g). 

8. Total measured discharge.  This column is left blank in the field. Qualified personnel 
perform computations in the office.   Calculated as the sum of discharge cells 
(column g). 

9. Name of operator of current meter. 
10. Name of individual who computes discharge and date computed. 

• Step 10:  Float Velocity Data.   
These stream velocity data supplement current meter measurements and need not be 
collected in all cases.  These data are most useful during periods of high stream discharge 
and should be collected after discharge measurements are completed at the same location.  
In some cases, stream discharge may be too high to safely measure by wading with the 
current meter, and the discharge is estimated from the velocity of surface floats.   Over 
the course of the first sampling season, we would like to obtain paired data from current 
meter measurements and float velocity measurements to develop an adjustment factor 
between mean velocity (11f) and mean surface velocity.  In the absence of site-specific 
data, the relationship is mean velocity = 0.85 x surface velocity.  Refer to the appendix in 
the QAPP for technique of float measurements.  Dried orange peels are an ideal float. 
1. Record the length of stream channel over which velocity is measured with floats. 
2. Location of float test in cross-section (left, center or right of channel surface); two 

float observation are required for each third of the channel width. 
3. Time in seconds for each float to travel the test length of stream surface. 
4. Raw float velocity (course distance divided by time of travel (12a divided by 12c).  

Computed in the office or in the field-may be left blank in the field. 
5. Adjusted float velocity (raw velocity x 0.85 or a site specific adjustment factor 

determined by qualified personnel)-may be left blank in the field. 
6. Measure mean channel width. 

Equipment & Forms List  
Current meter 
Wading rod 
DH 48 suspended sediment sampler 
Sample bottles for DH 48 
Flexible nylon measuring tape (165 ft) 

Stop watch 
Steel tape measure (pocket size) 
Toothpaste (for crest gages) 
Thermometer 
Floats (dry orange peels) 
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Clean-Up 
 

• Disassemble, dry and lubricate current meter 
• Dry and secure turbidometer 

Data Field Form 
To assist in the collection and organization of site-specific information, a field data form can be 
found attached.  Please photocopy the form onto Write-in-the-Rain paper for data collection 
activities. Please use a No. 2 pencil. 
 
 

References 
Harrelson, Cheryl C., C. L. Rawlins, John P. Potyondy, (1994) Stream Channel Reference Sites: 
An Illustrated Guide to Field Technique, USFS General Technical Report RM-245 
 
Edwards, Thomas K. and Glysson, G. Douglas (no date),  Field Methods for Measurement of 
Fluvial Sediment.  U.S. Geological Survey, Techniques of Water-Resources Investigations, Book 
3, Chapter C2 
 
Instructions for Sampling with a US DH-48 Depth-Integrating Suspended Sediment Sampler 
(manufacturer’s product)  

Final Version 3.1 4/1/2008



 

Gualala River Watershed Council                                                                                                Appendix G - 6 
 

Gualala River Watershed Council-Hydrologic and Water Quality Monitoring Form-Fuller Creek (3/2002) 

1. Station:  North Fork   South Fork   Mainstem   Sullivan 2. Observers:  

3. Date: __________  Time: _____ am pm  4. Current Weather:  Clear Cloudy Showers Rain  Heavy Rn. 

5. Flow Conditions: 5a. Clear / Turbid / Muddy 

5b. Base Flow / Rising Flow / Peak Flow / Falling Flow   5c. Water Temp.  ________   F / C 

6. Previous Weather: 6a. Dry: 1-3 days / 3+days 6b. Rain: Overnight / Yesterday / Past 2 days / 3+days 

7. Comments on 1-6:  

  

  

8. Water Surface Elevation:  8a.  Time______ Elev.  ______ ft    8b. Time______  Elev. ______ ft 

9. Crest Gage Reading:   9a.  High Water Mark (Distance From Top of Wood Insert) __________ ft 

9b. Adjustment to Gage Datum _________ft   9c. Crest Peak (Gage Equivalent) ______________ft 

10.  Water Quality Samples:  Sample Labels Include Station, Date, and Sample # 

10a. Sample #1-Surface grab Location Time___________ 

10b. Sample #2-Depth integrated (DH-48) Location Interval Time Time___________ 

10c. Sample #3-Surface grab Location Time___________ 

10d. Turbidity Analytic Results Sample Turbidity Sample Processing by:_________________ 

 
 
 
 
 
 
10e. Comments on samples:   
  
  
10f. Chain of Custody: 

Sample for Laboratory Analysis (Sample #2) Stored At_________________________________ 

Date __________Time _________  Storage Conditions                                                                       < 

------------------------------------------------------------------------------------------------------------------------------------- 
 

Sample # Date Processed Time Processed NTU’s 

1    

2    

3    
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11. Discharge Measurement:  Conduct “spin test” on current meter.   Note wire on Cam 1x or 5x. 
Items f, g and h are not completed in the field.  
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11a. Station      
(ft) 

11b. Depth (ft) 11c. Sample Depth 
(0.4 D) 
(ft) 

11d. # of 
Revol
utions  

11e.  Sample 
Duratio
n (sec) 

11f.  Velocity 
(ft/s)  

11g. Discharge 
(cfs) 

LEW       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

REW       
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    11h. Total Discharge=  
 
11i.  Current meter operator:________________________________________ 
 
11j.  Discharge computations by: ____________________________________Date____________ 
 
12.  Float Velocity (if performed)    12a. Float Course Distance           (feet) 
 
12b. Observation 
# & Location 

1- 2- 3- 4- 5- 6- 

12c. Time for Float 
(seconds) 

      

12d. Raw Velocity 
(ft/s) 

      

12e.  Adjusted 
Velocity (ft/s)  

      

12f.  Mean Width of Water Surface                        (feet) 
Discharge Measurement Notes & Comments: 
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CHAPTER 1.0 INTRODUCTION 
 

The Gualala River estuary is located on the northern coast of California, about 37 miles 

north of the town of Jenner.  Although the Gualala River has historically been an 

important system for steelhead and coho salmon fisheries, knowledge of the dynamics of 

anadromous salmonid fisheries has been limited to anecdotal information, with little 

focused study.  The State Coastal Conservancy (SCC) has been involved with studies on 

the lower Gualala River since 1995, beginning with a grant for a literature search of 

existing data associated with the ecological integrity of the Gualala River watershed.  

Information provided from that work effort demonstrated that there were significant gaps 

in the literature relative to the lower river and estuary.  Since then, the California 

Department of Fish and Game issued the final report of the North Coast Watershed 

Assessment Program (NCWAP) Gualala Watershed studies (Klamt et al., 2003). 

 

Acknowledging the importance of coastal estuaries to the overall health of coastal 

watersheds and the existing lack of data on the lower Gualala River, the Sotoyome 

Resources Conservation District (SRCD), the SCC, and the Gualala River Watershed 

Council(GRWC)) resolved to broaden the scientific understanding of the Gualala 

watershed, particularly the lower river and estuary.    As a result, ECORP Consulting, 

Inc. (ECORP) and Kamman Hydrology & Engineering (KHE) were contracted by the 

SRCD to assess the lower river and estuary in 2002 and 2003, and develop 

recommendations for an enhancement plan for the Gualala River Watershed including the 

Estuary and Lower River Project. This estuary study is intended to complement and 

expand on the NCWAP study. 

 

1.1 Goals 

 

The overall goals of the Gualala Estuary and Lower River Project were to: 

• Collect baseline data on steelhead to develop population estimates, 

• Determine possible impairing factors on ecological productivity, 
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• Identify further research needs, and 

• Develop recommendations for an Enhancement Plan 

 

To address these goals, ECORP and KHE conducted an assessment of the existing 

physical, water quality, and biological habitat conditions, including use of the estuary by 

juvenile salmonids during open and closed estuary conditions.  The enhancement plan 

provides specific recommendations for the protection of the Gualala estuary and Lower 

River and its natural resources. 

 

1.2 Objectives 

 

The objectives for the Gualala Estuary and Lower River Project are outlined below for 

each of the project components. 

 

1.2.1 Hydrologic and Geomorphic Analyses Objectives 

 

The general objectives of the Hydrologic and Geomorphic study component were to 

describe historic and seasonal hydrologic, hydraulic, and geomorphic characteristics and 

processes in the estuary, and evaluate these issues relative to habitat quality for 

anadromous salmonids.   

 

Specifically, these objectives were to: 

• Describe the existing and historic morphology of the estuary and lower river, 

• Characterize the magnitude and variability of freshwater inflow to the estuary 

(especially summer base-flows), 

• Attempt to identify changes in river base flow rates as a result of upstream 

diversions, 

• Characterize physical processes controlling the opening and closing of the estuary 

inlet, 

• Evaluate sediment transport characteristics of the lower river and estuary, and 
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• Describe temporal variation and linkages between inlet morphology, freshwater 

inflow, and water quality in the estuary. 

 

1.2.2 Water Quality Objectives 

 

The objective of the Water Quality Study Component was to:  

• Provide seasonal water quality profiles throughout the Gualala Estuary, including 

temperature, dissolved oxygen, pH, conductivity and/or salinity.. 

 

1.2.3 Aquatic Ecology Objectives  

 

The objectives of the Aquatic Ecology Study Component were to:  

• Determine distribution and abundance of salmonids in the Gualala Estuary,  

• Describe seasonal habitat conditions in the Gualala Estuary,  

• Describe seasonal habitat availability in the Gualala Estuary,  

• Develop a species list and relative abundance of all observed fish, birds and 

mammals, and if possible given budget considerations,   

• Determine adult steelhead use and timing of migration through the Gualala 

Estuary. 

 

1.2.4 Terrestrial and Marsh Ecology Objectives 

 

The objectives of the Terrestrial and Marsh Ecology Component were to:  

• Delineate wetland areas, 

• Develop a list of plant species in and around the lower estuary floodplain area, 

• Map plant species, communities, and species distribution, 

• Describe use of the lower estuary floodplain area by wildlife, and 

• Develop a list of species observed in the wetland/floodplain area during the 

assessment period. 
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It became apparent as the study progressed that the objectives of the terrestrial and marsh 

ecology component could not be addressed, due mainly to budgetary considerations.   

This issue was addressed before the Steering Committee and the Technical Advisory 

Committee (see below), and the decision was made to focus our studies on the aquatic 

ecology, hydrology, and geomorphic components of the study.  The reader is directed to 

the Gualala River Watershed Assessment Report (Klamt et al., 2003) that contains recent 

information on the Gualala River watershed, including both aquatic and terrestrial 

components.  That report was a product of the North Coast Watershed Assessment 

Program (NCWAP). Through the limited observation of the terrestrial and marsh 

conditions present, it appears that restoration opportunities that fortify native dune and 

dune scrub vegetation at the lower study area, and enhance the quality of native riparian 

tree and shrub species in the middle reach of the study area, will reinforce the native plant 

communities of the area.  As is the case of many north coast habitats, disturbed soils in 

the Gualala River estuary area show rapid encroachment of invasive and non-native 

species that include, but are not limited to pampass grass (Cortaderia selloana), scotch 

broom (Cytisus spp), and various thistle species.  This report does not purport to deliver 

expertise on the composition of invasive species or approach to manage these threats to 

the ecological balance, but suggests further attention and action to enhance native 

riparian and terrestrial/marsh species.     

 

1.3 Study Participants 

 

1.3.1 Steering Committee 

 

The SCC and the grantee formed a Steering Committee (Steering Committee) to oversee 

the implementation of the work plan, track the budget, and ensure project completion 

consistent with the requirements of the contract between the grantee and the SCC. 
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1.3.2 Estuary Technical Advisory Committee 

 

A Technical Advisory Committee (TAC) was established to assist the Steering 

Committee in developing a work plan that would meet the defined goals and objectives of 

the project.  The TAC included agency personnel with expertise in the fields of fisheries 

biology, geomorphology, hydrology, water quality, and coastal processes.  The primary 

responsibility of the TAC was to ensure that: work-plan tasks were conducted consistent 

with the contractual requirements, protocols and sampling methodologies were 

scientifically sound, and that study results were provided to the Steering Committee in a 

timely manner. 

 

1.3.3 Public Participation 

 

Outreach to GRWC and the general public took place annually.  ECORP and KHE 

provided a mid-study report and updates to the Steering Committee and TAC, describing 

project status and results of various study components.  This flow of information 

provided opportunities for adaptive management of the project during the assessment and 

enhancement plan development phases. ECORP and KHE provided additional volunteer 

time to educate the public about the study when requested by local stakeholder groups.  

 

The outreach efforts included a critique and review of the contents of this final report by 

stakeholder groups and private individuals. It is important that the community outreach, 

similar to that provided through this study, continue as a follow up in order to ultimately 

accomplish any recommendations expressed within this report. For this reason, 

community education and outreach about the report recommendations and general needs 

for the ecological integrity of the Gualala River Estuary and Lower river should be a 

priority component for future project based activities, management plans, and 

implementation strategies that result from this report.    
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1.4 Project Management 
 
Project Management efforts were conducted by the SRCD.  The SRCD worked closely 

with ECORP, KHE, and the SCC to ensure that the scope of work was implemented in an 

efficient and effective manner.  The Project Assistant to the Council and the 

administrative support team at the SRCD conducted daily administrative project 

oversight, and in particular: 

• coordinated with subcontractors, field agents, SRCD staff, volunteers and other 

groups/individuals involved with the implementation effort, 

• addressed project issues as they occurred and developed adaptive management 

strategies to rectify and document these issues, and 

• provided mechanisms and coordination for public outreach and public 

involvement. 

 

This document has been prepared to address each of the objectives by project study 

component.  Chapter 2.0 (prepared by KHE) addresses hydrology and geomorphology 

study components.  Chapter 3.0 (prepared by ECORP) addresses water quality and 

aquatic ecology study components.  Chapter 4.0 (prepared by KHE, ECORP, and SRCD) 

presents the summary of findings, and Chapter 5.0 (prepared by KHE, ECORP, and 

SRCD) presents the summary of findings, and enhancement planning recommendations.  

 
1.5 Acknowledgements 

 
Significant contributions were made to this study from the following individuals and 

entities:  Elmer Dudik and Robert Klamt with the North Coast Regional Water Control 

Board coordinated and supervised a significant water quality monitoring program in the 

estuary during the study period.  Their data and findings were integral to developing an 

understanding of estuary and lower river water quality conditions.  Elmer Dudik also 

provided additional insight into characterizing the linkage between summer water quality 

and algal blooms (see Section 3.3.4 of this report).  Volunteers who provided hours to 

tireless assistance in the implementation of study field tasks included Jamie Hall (photo-
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point monitoring, fishery seining, surveying, and more), Don Kemp, and Steve May of 

Surf Market (Photo-Point Monitors); and Ron Rolleri, Robert Keeble, Dan Munton, 

Adam Crook, and Tegner Weiseth (fishery seine net volunteers).   In addition, Gualala 

Redwoods Inc. was generous in providing the study team with available information, 

data, and access to/through their property. 

 

1.6 References 
 

Klamt, R.R., LeDoux-Bloom, C., Clements, J., Fuller, M., Morse, D., and Scruggs, 

M.,2003, Gualala River watershed assessment report, North Coast Watershed 

Assessment Program.  California Resources Agency and California Environmental 

Protection Agency, Sacramento, CA, 367p.  (plus Appendices). 
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CHAPTER 2.0 HYDROLOGY AND GEOMORPHOLOGY 

INVESTIGATIONS 
 

2.1 Introduction: Study Objectives and Approach 

 

The lower Gualala River and its coastal estuary comprise a highly dynamic system.  The 

study area is indicated in Figure 2-1 and consists of the lower Gualala River between the 

confluence with the North Fork Gualala River and Pacific Ocean.  Seasonally, the 

Gualala river mouth varies between an estuary, with open connection to the ocean 

(typically winter) and closed, to semi-closed estuary behind a beach barrier (typically 

during summer).  Given the shallow, fresh-water dominated, and closed-off nature of the 

Gualala River coastal water body, it can also be referred to as a “coastal lagoon” 

(Sorensen et al., 1993).  It will be, however, referred to as an estuary or coastal estuary 

for reader convenience throughout this report.  The duration and extent of these end-

member states is controlled by the dominance of a variety of physical processes that 

control the construction or breaching of the barrier beach.   

 

The goal of this investigation is to identify and describe the dominant physical 

characteristics and processes controlling aquatic and riparian habitats of the Gualala 

River coastal estuary with emphasis on salmonid fishery habitat.  Kamman Hydrology & 

Engineering, Inc.  (KHE) developed and implemented the study based on a conceptual 

morphological and process model for California coastal river mouth systems.  This model 

assumes that a river mouth inlet is controlled by various complementary and competing 

forces that breach or reconstruct barrier beaches.  Typically, California coastal estuaries 

go through a seasonal progression of morphological change.  In winter, the estuary inlet 

commonly breaches and remains open due to storm flows.  Once the inlet is open, tidal 

action aids in the inlet scour process.  This also floods the estuary with high salinity 

waters.  As winter storm flows subside, waves build up the barrier beach using sand, 

migrating along the shoreline (littoral drift), forming a sand-spit between the ocean and 

estuary.  After estuary inlet closure, the main source of water to the estuary is fresh water  
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inflow.  Periodic wave over-wash also significantly impacts barrier beach morphology 

and estuary water quality.   

 

This study focused on monitoring and/or characterizing a suite of hydrologic, 

geomorphic, and coastal conditions and processes to better understand the linkage and/or 

trends between estuary physical and biological systems.  Between August of 2002 and 

December 2003, specific monitoring activities and analyses completed as part of this 

study included: 

 

1) Continuous estuary water level monitoring, 

2) Estimation of daily freshwater inflow to the estuary,  

3) Completion of a series of baseflow measurements on primary tributary channels 

to the South Fork Gualala River between the Pacific Ocean and Valley Crossing 

(Twin Bridges) to develop estuary freshwater inflow estimates, 

4) Development of a detailed water budget for the estuary to estimate seepage rates 

and net transfers of water between estuary and ocean, 

5) Completion of annual cross-sectional profiles of the estuary and estuary inlet,  

6) Assistance in the coordination and implementation of a photo-monitoring 

program of the barrier beach and estuary inlet conditions,  

7) Completion of a review of historical aerial photographs and maps to identify 

historical changes in estuary and lower river morphology, 

8) Assessment of the local tide and wave climate acting on the estuary barrier beach 

using available tide, wave and wind data from nearby NOAA tide gages and 

offshore buoys, 

9) Assistance in the monitoring of general water quality parameters (emphasis on 

salinity) throughout the estuary, 

10) Qualitative assessment of sediment transport through the lower river and estuary 

during the study period using survey results, field observations, and grain size 

information from repeat pebble counts at selected bars within the lower river and 

estuary reaches; and 
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11)  Coordination and contract management for the preparation of an aerial 

photogrammetric image of the project area. 

 

As indicated in Section 1.0, this study was designed to further elaborate and expand on 

the North Coast Watershed Assessment Plan (NCWAP) salmonid habitat investigation of 

the lower river and estuary.  As such, it was originally intended that the results of this 

study and associated resource management and enhancement recommendations would 

serve as a companion document to the final Gualala NCWAP report.  Therefore, this 

Section of the report builds on the physical science data and information presented in the 

NCWAP report and appendices (Klamt et al., 2003).  This report does not attempt to 

duplicate or summarize the hydrologic and geomorphic information presented in the 

NCWAP report, except as needed.   

 

2.2 Physical Setting 

 

The existing and historic meteorologic and hydrologic characteristics of the Gualala 

River Watershed are presented in detail in the 2003 Final NCWAP report.  This section 

of the report provides a more detailed description of on-shore and offshore hydrologic 

and hydrodynamic conditions experienced during and leading up to the study period.  

Where appropriate, study period conditions are compared to long-term average or median 

conditions. 

 

2.2.1 Precipitation 

 

Based on analysis of long-term records, precipitation in the study area is distinctly 

seasonal, with up to 90-percent of total rain falling during the 5 months of November 

through March.  Most precipitation comes with the passage of multiple low-pressure 

fronts associated with storms lasting several days in duration.  With the exception of the 

last two months, the study period (August 2002 through November 2003) falls within 
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water years1 WY2002 and WY2003.  Based on analysis of long-term rainfall records for 

area gages, the rainfall totals for the study period are comprised of near average (92-

percent of average for WY2002) to below average (83-percent of average for WY 2003) 

year types.  Daily precipitation totals at the Venado rain gage for the study period are 

presented in the top panel of Figure 2.2.  Daily values for the Venado gage, located in the 

Russian River drainage, are presented here because there are no readily available daily 

rainfall totals from the Gualala River watershed for the study period.  The peak daily 

rainfall total was 6.6-inches on December 13, 2002, with other notable (>3-inch) daily 

rainfall totals occurring on November 7, 2002, December 27, 2002, and November 8, 

2003.  Early season barrier breaches occurred during each of these storms.  The seasonal 

and daily rainfall distribution for the study period reflects the general meteorological 

characteristics described above.  However, April 2003 was an exceptionally wet month 

compared to long-term monthly averages.  April 2003 rainfall totals for the Fort Ross rain 

gage were 6.39-inches compared to the long-term (1905 to 2003) April average of 2.79-

inches.  These late season rains sustained high inflow to the estuary, which was the 

primary cause for the late season breach on June 15, 2003. 

 

2.2.2 Estuary Freshwater Inflow 

 

For the study period, freshwater inflow to the estuary was estimated using a variety of 

data sources and technical methods.  In general, unit runoff estimates and regression 

equations were developed for segments of the Gualala River using: a) available data for 

Gualala River Watershed stream flow gages maintained by the U.S.  Geological Survey 

and California Department of Water Resources over the study period, and b) late season 

base flow measurements completed by KHE on major tributaries to the South Fork 

Gualala River.  A more detailed summary of the methods and data used to develop the 

inflow record are presented in Appendix A. 

                                                 
1 A “ water year” is defined as the 12-month period, October 1 through September 30 and is designated by 
the calendar year in which it ends. 
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Estimated freshwater inflow to the estuary over the study period is presented in the top 

panel of Figure 2.2 along with daily rainfall totals.  Inflow responses to storms and the 

rise and post-winter recession in the baseflow rates are clearly evident.  Although the on-

setof winter storms is not out of the ordinary during the study period, the combination of 

continued storm pulses and sustained elevated baseflows to the estuary through June of 

2003 are notable differences to long-term average conditions.  As a result, the persistence 

of elevated estuary inflow delayed the full closure of the barrier beach and also promoted 

the complete fresh water filling of the estuary by early June of 2003, leading to 

overtopping and breaching of the barrier beach. 

 

2.2.3 Estuary Water Levels 

 

Estuary water levels were monitored on a 15-minute time interval over the study period.  

A Global Water-brand XL-14 water level logger (deployed in a 10-foot long, 2-inch 

diameter PVC stilling well) was secured to the riprap filled log-crib in the middle portion 

of the estuary on August 16, 2002.  In anticipation of damage or loss of the instrument 

during high winter flows, the gage was relocated to the east bank of the estuary (lower 

portion), adjacent to the Surf Market in early November 2002.  The logger and stilling 

well were secured to an existing iron pipe, cemented into boulders at the base of the cliff.  

This gage is referred to as the winter gage location while the subsequent site is referred to 

as the summer gage location.  Both gage locations are indicated on Figure 2.3. 

 

Monitored estuary water levels are illustrated on the second panel (from top) of        

Figure 2.2.  Coverage of the full range of estuary water levels was not achieved at either 

gauging location.  As a result, the water levels are truncated over the lower range.  

Periods of missing records also exist for the periods of November/December 2002 and 

May/June 2003.  Missing monitoring data resulted from logger maintenance problems. 

 

The seasonal changes in estuary water levels are captured in the water level record.  In 

August through early November 2002, the barrier beach remained intact.  Daily diurnal  
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fluctuations in water level up to a few tenths of a foot are present, resulting from a weak 

connection to ocean tides - likely a pressure response through the barrier beach sand 

(Figure 2.4).  Water level fluctuations of 0.5- to 1.0-foot over this period result from 

waves overtopping the barrier beach (wave over-wash). 

  

The water level record in early December 2002 captures the second barrier breach of the 

season on December 13, 2002 (the first breach occurred during the storm of November 6-

7, 2002, but no water level data is available for this event).  Over 10-feet of water level 

drop was recorded during the December 2003 break, but the change in water level was 

likely several feet greater as the outlet through the barrier beach eroded down to the daily 

MLLW tide level – an elevation well below the tide gage monitoring range.  Subsequent 

recorded water levels through December 2002 and into May 2003 fluctuate broadly due 

to varying degrees of freshwater inflow and tidal exchange through the breach.  Repeat 

cycles of breach infilling (barrier reconstruction) and subsequent erosion are seen by the 

vertical migration of daily minimum water levels. 

 

The June 15, 2003 breach also resulted in a drop in estuary water levels by at least 9 feet 

as seen in Figure 2.2.  Again, the drop in water level was likely greater  than indicated 

(by at lease several feet) when compared to the MLLW-levels recorded at the Pt. Arena 

tide gage.  The estuary water level record indicates a rapid reconstruction of the barrier 

beach over the two-week period following the breach event with estuary water levels 

again rising in response to relatively high inflow rates.  Inflow and the seepage rate 

through the barrier beach “stabilize” in early July 2003, as estuary water levels level off 

and begin to fall in response to receding inflow rates (see Figure 2.2).  The small 

amplitude (tenths of a foot) tidal signature returns to the water level record upon 

complete closure by early July 2003 with higher amplitude increases resulting from wave 

over-wash occurring in the late fall-early winter of 2003.  As seen in the rise in estuary 

water levels by up to 2-feet, wave over-wash contributed a significant volume of water to 

the estuary in the late fall period of 2003.  With the advent of the first storm of the winter 

season on November 10, 2003, estuary water levels rise more sharply until the barrier  



GRE tide gage.xls,Figure 2-4
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beach is overtopped, followed by a precipitous drop in water levels of over 8-feet as 

waters quickly scour and erode a deep outlet, draining the estuary. 

  

2.2.4 Ocean Tides 

 

Ocean tides for Point Arena Cove reported by NOAA are plotted against estuary water 

levels in Figure 2.2.  These tides are representative of ocean water level conditions 

adjacent to the Gualala River coastal estuary.  The diurnal and semidiurnal components 

of the tides at Arena Cove are mixed, resulting in a daily tidal regime with two high 

waters and two low waters with the levels in each set displaying different magnitudes.  

Based on mean tidal statistics for the Arena Cove gage, the observed range between 

MHHW and MLLW is almost 5.9-feet.  During estuary inlet formation, the maximum 

scour depth through the barrier breach is controlled by the minimum (MLLW) tide range 

over the inlet formation period.   Exchange of tidal waters between ocean and estuary 

also work to keep the inlet open.  Thus, the magnitude of tidal range plays an important 

role in scouring and maintaining an open inlet in two ways.  First, the tidal range will 

control the total volume (tidal prism) exchanged through the inlet.  The greater the tidal 

prism, the greater scour potential to maintain an open inlet.  Secondly, it appears from a 

plot of Arena Cove tides that the daily higher-high water normally precedes the lower-

low water, creating a maximum seaward gradient through the inlet during the larger of 

the semidiurnal ebb tide events.  Velocities and scour potential are greatest during this 

period and, if acting with no external influences that reconstruct the inlet, the net tidally 

induced scour could, theoretically, keep the inlet open indefinitely. 

 

2.2.5 Wave Climate 

 

For purposes of this report, the wave climate acting on the Gualala River coastal estuary 

barrier beach refers predominantly to wave height and frequency.  The waves most 

important to barrier-beach formation and destruction are generated by winds blowing for 

sufficient duration and over a long-enough distance (fetch) to create wind waves.  The 
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wave climate off the Northern California coast is influenced primarily by atmospheric-

ocean interactions over the North Pacific Ocean (Ambrose and Orme, 2000) 

 

The wave climate acting on the Gualala River estuary barrier beach over the study period 

is best characterized by a series of wave variables measured at the NOAA buoy located 

approximately 19-miles offshore from Point Arena.  These variables include: 

• Significant wave height (WVHT), calculated as the average of the highest one-

third of all wave heights during a 20-minute monitoring period; and  

• Dominant wave period (DPD), calculated as the period with the maximum wave 

energy. 

 

These values were used to estimate corresponding deep-water wave energy (WVE) 

approaching the coastline and acting on the Gualala River Mouth.  WVE was calculated 

as the product of the wavelength and the square of the WVHT, as follows: 

 

WVE = (w*L*WVHT2)/8 

 

Where WVE is expressed in ft-tons, w is the weight of a cubic foot of water (64 lbs) and 

L is wavelength in feet.  The wavelength (L) is calculated pursuant to Bascom (1980), as 

follows (assuming deep-water waves): 

  

L = 5.12*DPD2 

 

Plots of WVHT, DPD, and WVE over the study period are presented in Figure 2.2.  

Noise in the data is attributable to interference of two or more sets of wind-waves 

originating from different sources/locations.  It’s also worth noting that the wave climate 

is unrelated to the tidal regime.  Some generalities about the wave climate data presented 

on Figure 2.2 include: 
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• There is a general seasonal cycle of higher wave energy in winter and lower wave 

energy in summer expressed by the sinusoidal shape to the annual plot of wave 

energy; 

• Periods of maximum WVHT and WVE and short DPD have the greatest 

destructive effect on the barrier beach; 

• Maximum WVHT and WVE that typically accompany storms combine with high 

estuary inflow to breach the barrier beach; and 

• Periods of long DPD (swell) and low to modest WVHT typically dominate in 

summer and result in barrier beach construction/buildup. 

 

2.2.6 Barrier Beach-Estuary-Lower River Morphology 

 

The following section summarizes the results of an investigation into historical changes 

in estuary morphology.  This discussion is followed by further description of the study 

results that describe the changes and processes observed to be controlling barrier-beach 

formation, destruction and estuary morphology during the study period. 

 

Historic Conditions 

 

Numerous aerial photographs of the lower Gualala River and estuary were obtained and 

reviewed as part of this analysis.  Sources of photographs included the California 

Department of Forestry and Fire Protection, WAC Corporation of Eugene, Oregon, and 

Pacific Aerial Surveys of Oakland, California.  In addition, historic USGS topographic 

maps and a 1929 U.S. Coast and Geodetic Survey map of the coastline were reviewed.  

The following aerial photographs were reviewed. 

 

1. 1936 (month/day unknown) 

2. 5/12/1961 

3. 2/20/1967 

4. 5/04/1980 
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5. 6/16/1981 

6. 4/21/1984 

7. 8/01/1989 

8. 6/17/1992 

9. 3/25/1996 

10. 5/19/1996 

11. 4/13/1999 

12. 5/19/1999 

13. 4/02/2000 

14. 4/22/2002 

15. 7/02/2003 

 

As discussed in greater detail below, there are notable and large-scale seasonal changes in 

the estuary-barrier beach system during any given year.  A review of aerial photographs 

indicated no notable changes in the physical setting and character of the estuary beyond 

those that likely fall within the natural seasonal variability.  For example, no significant 

repositioning or erosion of various bar forms within the lower river or estuary was 

observed.  Interestingly, the large bar located on the west side of the summer tide gage 

appears to be the same size and in the same location in all photographs and on the 1929 

geodetic survey map (Figure 2.5).  Determining changes in the size of longitudinal and 

point bars on aerial photographs, in an attempt to qualitatively identify changes in 

sediment deposition patterns, was not possible due to highly varying river flow and 

estuary water level conditions between aerial images.  Thus, no definitive conclusions 

were reached with respect to whether estuary bathymetry has changed over time.   

 

The inlet breach also appears to occur at the north end of the barrier beach in all 

photographs, either immediately adjacent to or within several hundred feet of the bedrock 

cliff marking the north end of the estuary.  There are anecdotal accounts of the breach 

occurring closer to the south end of the beach during extreme flood events during an El 

Niño period.  However, these types of breaches start out as overtopping along the entire  
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barrier length.  Because of the coastline geometry, net coastal wave climate, and littoral 

sand transport patterns, it appears that the south end of the barrier beach is consistently 

higher in elevation than the north end, suggesting that most barrier breaching will set up 

at the north end of the beach except during extreme, overwhelming flood events.   

 

Changes Over Study Period 

 

A program of near-weekly photo-point monitoring of the Gualala River estuary/barrier 

beach was very helpful in capturing and documenting the variability in the seasonal 

cycles of system evolution.  A summary of photo-point observations is presented in Table 

2.1.  The following information and observations are included in the Table: 

• Whether the inlet (barrier beach breach) is open or closed; 

• Occurrence of active wave over-wash; 

• Evidence for previous wave over-wash; 

• Estimated estuary water level; 

• Presence and estimate of high water erosion lines; 

• Water color in terms of the presence of significant sediment inflow to the estuary 

(brown color) or presence of salt-water in estuary (turquoise color); and  

• Presence of flood debris or kelp in/on the estuary and beach. 

 

Photo point observations provided the most definitive chronology of barrier beach 

breaching and reconstruction over the study period.  Illegal breaches from human 

activity, which can significantly affect the natural cycle of open and closed inlets and 

result in decreased survival of juvenile salmonids rearing in the estuary, were not 

observed during the study period, although natural breaches did occur. Observations of 

whether the inlet was open or closed and periods of active wave over-wash are also 

presented graphically on the lower pane of Figure 2.2.   

 
A pair of estuary/barrier-beach surveys was completed over the study period in order to 

capture and quantify changes in cross-sectional estuary profiles between September 28,  



TABLE 2.1

Photo-Point Monitoring Observations
Gualala Lower River and Coastal Lagoon Assessment and Enhancement Plan

DATE TIME Weather

Open U Closed Yes No Yes U No Low Med High Yes No yes No Yes No Yes U No Yes U No Yes No

5/29/2002 U clear Closed 9 No 7 No* 6 High No No Yes No Yes No
8/16/2002 U cloudy Closed 9 No 7 U* 6 High No No Yes* No No No
9/28/2002 U clear Closed 9 No 7 No 5 Med No No No No No No
11/2/2002 U clear Closed 9 No 7 Yes 6 Med No No No No U* No
11/8/2002 U cloudy Open 10 Yes 8 Yes 6 High Yes No No Yes Yes No
11/11/2002
11/16/2002 U partly cloudy Closed 9 Yes 8 Yes 6 High Yes yes No Yes Yes Yes
11/28/2002 U cloudy Open 10 Yes 8 Yes 6 High Yes yes No Yes U* Yes
12/6/2002 U cloudy Closed 9 Yes 8 Yes 6 High No No No No Yes Yes
12/7/2002 U clear Closed 9 Yes 8 Yes 6 High No No No No Yes Yes
12/13/2002 11:30 Rain Closed 9 No 7 Yes 6 High No No No No Yes Yes
12/14/2002 11:30 Rain Open 10 Yes* 8 Yes 6 High No yes No Yes No No
12/21/2002 U clear Open 10 Yes* 8 Yes 6 High No yes Yes Yes No No
12/31/2002 U partly cloudy Open 10 Yes 8 Yes 6 High No No Yes No No
1/6/2003 15:45 clear Open 10 Yes 8 No 5 High No No Yes No No
1/18/2003 12:25 clear Open 10 No 7 Yes 6 High No yes Yes Yes Yes* No
1/24/2003 15:00 overcast Open 10 Yes 8 Yes 6 High No yes Yes No Yes* No
1/31/2003 U clear Open 10 Yes 8 Yes 6 High No No Yes No Yes* No
2/9/2003 U clear Open 10 No 7 Yes 6 High No yes Yes No Yes* No
2/16/2003 10 8 6
2/17/2003 17:00 clear Open 10 No 7 Yes 6 High No No Yes No Yes* No
2/18/2003 U clear Open 10 No 7 Yes 6 Med No Yes Yes No Yes* No
3/3/2003 U clear Open 10 No 7 Yes 6 Med No Yes Yes No Yes* No
3/7/2003 U clear Open 10 No 7 Yes 6 Med No No Yes No Yes* No
3/9/2003 U clear Open 10 No 7 Yes 6 Med No No Yes No No No
3/14/2003 U cloudy Open 10 No 7 Yes 6 High No Yes Yes Yes No No
3/20/2003 U cloudy Open 10 No 7 Yes 6 High No Yes Yes Yes Yes No
3/21/2003 U clear Open 10 Yes 8 Yes 6 High No No Yes No Yes* No
3/22/2003 U clear Open 10 No 7 Yes 6 High No No Yes No Yes* No
3/28/2003 U clear U* 10 No 7 Yes 6 High No No Yes No Yes No
3/29/2003 U clear U* 10 No 7 Yes 6 High No No Yes No Yes No
3/31/2003 U clear Open 10 No 7 Yes 6 High No No Yes Yes No No
4/2/2003 16:40 overcast Open 10 No 7 Yes 6 High No Yes Yes No Yes
4/3/2003 * 10 8 6
4/23/2003 U cloudy U* 10 No 7 Yes 6 High No No Yes No Yes** No
4/24/2003 U cloudy U* 10 No 7 Yes 6 High No No Yes No Yes** No
4/25/2003 U Partly cloudy Open 10 No 7 Yes 6 High No Yes* Yes Yes No No
4/28/2003 11:40 rain Open 10 No 7 Yes 6 High No Yes* Yes Yes No No
5/3/2003 13:40 clear Open 10 No 7 Yes 6 High No Yes Yes Yes Yes No
5/16/2003 11:00 clear Open* 10 No 7 Yes 6 High No Yes Yes No Yes** No
5/29/2003 U clear Closed 9 No 7 Yes 6 High No No Yes No Yes* No
6/2/2003 U clear Open 10 No 7 Yes 6 High No No Yes No Yes* No

Kelp in 
Estuary

Flood Debris High Water Erosion lines 
(Active)     ( Previous)

Water Color 
(Sedimentation)

Water Color (Salt 
Water Exchange) 

INLET Wave Overwash 
(active) 

Wave Overwash 
(previous) 

Water Level

Estuary Profile v.JH Feb04.xls:Sheet1 Page 1 of 2 KAMMAN HYDROLOGY & ENGINEERING, INC.



TABLE 2.1

Photo-Point Monitoring Observations
Gualala Lower River and Coastal Lagoon Assessment and Enhancement Plan

DATE TIME Weather

Open U Closed Yes No Yes U No Low Med High Yes No yes No Yes No Yes U No Yes U No Yes No

Kelp in 
Estuary

Flood Debris High Water Erosion lines 
(Active)     ( Previous)

Water Color 
(Sedimentation)

Water Color (Salt 
Water Exchange) 

INLET Wave Overwash 
(active) 

Wave Overwash 
(previous) 

Water Level

6/6/2003
6/9/2003 U overcast Closed 9 Yes* 8 Yes* 6 High No Yes** No No Yes*** No
6/11/2003 U clear Closed 9 No 7 Yes 6 High No No No No Yes* No
6/13/2003 10:40 clear Closed 9 No 7 Yes 6 High No No No No No No
6/18/2003 12:30 clear Open 10 No 7 No 5 Med No Yes Yes No No No
6/21/2003 U clear Open 10 No 7 No 5 Med No No Yes No No No
6/22/2003 * 10 8 6
6/23/2003 14:40 clear Open 10 No 7 Yes 6 Med No Yes Yes No No No
6/27/2003 U clear Open 10 No 7 yes* 6 High No No Yes No Yes** No
6/29/2003 14:15 clear Closed 9 No 7 yes* 6 High No No Yes No Yes** No
7/12/2003 12:00 clear Closed 9 No 7 No 5 High No No No No No No
7/18/2003 14:48 clear Closed 9 No 7 No 5 High No No Yes* No No No
7/27/2003 12:52 Foggy Closed 9 No 7 No 5 High No No Yes* No No No
8/14/2003 12:45 overcast Closed 9 No 7 No 5 High No No Yes* No No No
9/2/2003 U overcast Closed 9 No 7 No 5 High No No Yes* No No No
9/7/2003 U cloudy Closed 9 No 7 No 5 High No No Yes* No No No
9/11/2003 10:10 clear Closed 9 No 7 No 5 High No No Yes* No No No
9/21/2003 16:40 clear Closed 9 No 7 No 5 High No No Yes* No No No
9/24/2003 9:40 overcast Closed 9 No 7 No 5 High No Yes* No No No
10/8/2003 U clear Closed 9 Yes 8 No 5 High No No No No U* No
10/9/2003 U clear Closed 9 No 7 Yes 6 High No No No No Yes* No
10/17/2003 13:50 clear Closed 9 Yes 8 Yes 6 High No No Yes No Yes No No
11/3/2003 11:16 clear Closed 9 No 7 Yes 6 Med No Yes No No No
11/10/2003 10:30 clear Closed 9 Yes 8 Yes 6 High No No No No Yes No
11/13/2003 10:34 overcast Closed 9 No 7 Yes 6 High No No No No U* No
11/15/2003 U overcast Closed 9 No 7 Yes 6 High No No No No U* No
11/19/2003 15:20 overcast Closed 9 No 7 Yes 6 High No No No No U* No
11/30/2003 U 10 8 6
12/2/2003 10:30 overcast Closed 9 No 7 Yes 6 High No No No No No No
12/3/2003 11:12 clear Open 10 No 7 Yes 6 Med No Yes Yes Yes No No
12/7/2003 U cloudy Open 10 No 7 Yes 6 Med No Yes Yes Yes No No
12/15/2003 U clear Open 10 Yes 8 Yes 6 Med No Yes Yes Yes Yes No
12/16/2003 U cloudy Open 10 Yes 8 Yes 6 High No Yes Yes Yes Yes No
12/28/2003 14:37 cloudy Open 10 Yes* 8 Yes 6 High No Yes Yes Yes Yes No

Estuary Profile v.JH Feb04.xls:Sheet1 Page 2 of 2 KAMMAN HYDROLOGY & ENGINEERING, INC.
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2002 and June 22, 2003.  Cross-sectional survey locations are indicated on Figure 2.3 

while profiles are presented on Figure 2.6 through Figure 2.9.  The September 2002 and 

June 2003 profiles are presented together on each location-specific graphic.  The 

September 2002 surveys reflect closed inlet conditions during the late summer of 2002 

while the 2003 surveys capture the post-late season breach of June 15, 2003.  Although 

the inlet was open to tidal exchange in late June 2003, the survey occurred during a 

period of barrier beach reconstruction and inlet infilling.  Figure 2.6, a profile completed 

in a N-S direction and parallel to the north end of the barrier beach, illustrates the 

difference in closed versus breached beach conditions.  Note that the breach of June 2003 

was over 200-feet wide and over 8-feet deep at the time of the survey. 

 

Figure 2.7 presents east-west cross-sectional profiles through the north end of the estuary.  

The west end of this section is located in the barrier beach while the east end is located at 

the base of the cliff-face (see Figure 2.3).  The substrate encountered in this section 

consisted entirely of barrier beach sand along the western part of the transect and bedrock 

along the eastern portion.  The difference in barrier beach morphology between surveys is 

striking in this section as the beach in September 2002 encroaches much further into the 

estuary (east) than in June 2003.  This contrast illustrates the phenomenon of landward 

migration of the barrier beach during the summer beach reconstruction phase in the form 

of wave over-wash lobes.  The net effect is the migration of sediment from the beach face 

and crest to the landward side of the barrier, resulting in landward (eastern) migration of 

the barrier beach into the estuary. 

 

Further to the south, upstream of the barrier beach, changes in the cross-sectional profile 

of the estuary are not as dramatic.  At the summer gage profile location, there appears to 

be some infilling of the small channel on the west side of the gage and minor scour of the 

channel to the east (see Figure 2.8).  Apart from these changes, survey results indicate 

there was little change in the size and shape of the large central bar and far western  
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Kamman Hydrology
&  Engineering, Inc. Lower Gualala River and Coastal Lagoon Assessment and Enhancement Plan

Cross-Sectional Profiles at North End of Lagoon - 9/28/02 and 6/22/03
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Cross-Sectional Profiles at Summer Tide Gage - 9/28/02 and 6/22/03
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Cross-Sectional Profiles at Mill Bend - 9/28/02 and 6/22/03 
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channel over the study period, even in response to the high flow events of December 

2002.  It is worth noting that with the exception of bedrock on the east bank and the rip-

raped filled crib island that serves as the summer tide gage location, the entire bed along 

this section consists of river derived sand, gravel and cobbles.  It is unclear, based solely 

on a visual inspection of Figure 2.8, if the summer gage cross-section experienced net 

aggradation or degradation between survey events.    

 

Cross-sectional survey results at Mill Bend display a change in bar morphology between 

September 2002 and June 2003 (see Figure 2.9).  With the exception of the bedrock that 

comprises the left (south) bank, the majority of material that makes up the point bar is 

river sand, gravel and cobble.  Again, visual comparison of cross-sectional profiles at 

Mill Bend does not provide a clear indication of whether there was net aggradation or 

degradation of the point bar at Mill Bend between survey dates. 

 

Monitoring of point bar grain size also indicates the redistribution and/or turnover of 

gravel in lower river bars over the study period.  Pebble counts were completed on a total 

of six gravel bars within the upper estuary and Lower River on 9/13/02 and 9/24/03.  

Gravel bar sample locations are indicated on Figure 2.3.  The grain size distribution 

graphs for each sampling event are provided in Appendix A along with a comparison 

between 2002 and 2003 sample events.  The significant results of this analysis were: 1) 

grain size distributions varied widely among bars during the 2002 sample period with the 

mean grain size (D50) varying between 10mm and 50mm; 2) grain size distribution 

varied significantly less between bars sampled in 2003, with D50’s ranging from 

approximately 14mm to 23mm; 3) no pattern of down-stream fining in grain-size was 

observed during either sampling event; and 4) grain size distributions varied noticeably 

between sample dates at all six point bars, suggesting sediment turn-over along the entire 

sampled reach during the winter of 2002/03.   
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2.3 Estuary Morphodynamics 

 

Combining all of the data and observations collected over the study period (photo-point 

monitoring, estuary cross-sectional surveys, estuary water level recordings, grain-size 

sampling, freshwater inflow, and wave climate data) provides a detailed description of 

the cause and effect relationships that control the Gualala River coastal estuary 

morphology.  This section of the report attempts to describe these changes in terms of 

dominant physical processes and consequences to estuary habitats. 

 

In general, the Gualala River mouth follows a seasonal pattern where the barrier beach 

breaches during the first major floods of the winter rainy season.  The typical wave 

climate (lower wave energy) and low freshwater inflows of summer allow for infilling of 

the inlet and reconstruction of the beach barrier.  As was observed over the study period, 

there are several cycles of barrier breaching and partial reconstruction throughout the 

seasonal transitions between end member states.  However, the highly variable climate of 

Northern California may lead to similarly unpredictable estuary conditions.  For example, 

barrier beach formation may be delayed during wet years due to prolonged high inflow 

and destructive wave energy.  Closure of the beach during moderate inflow may allow for 

high water levels to develop in the estuary that overtop and incise through the barrier 

beach.   

 

The cycle of Gualala River coastal estuary barrier-beach breaching and reconstruction 

can be described in terms of beach/estuary morphology and dominant physical processes 

controlling that form.  A chronological description of these evolving morphodynamic 

states follows.  It is important to realize that the timing, resultant form, and duration of 

these phases are not “set in stone,” and this synthesis simply reflects the conditions that 

existed over the study period.   

 

During the summer months of July through September, the barrier could be described as 

stationary, implying a beach in equilibrium with environmental forces.  Characteristics 
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and typical conditions that give rise to this form include: low wave energy with waves 

dominated by low amplitude swells, neap tidal conditions, prolonged absence of 

freshwater inflow, and absence of storm waves.  This is typically a period of beach face 

construction.  The beach face also displays the lowest gradient normal to the shoreline 

during this state.  

 

With an increase in wave energy (high magnitude, long period waves) into late fall 

(October and November), a state of onshore barrier beach migration develops.  Notable 

characteristics of this stage include, continued minimal freshwater inflows, onshore 

sediment transport and a lower gradient beach face slope, and most notably, wave over-

wash.  The wave over-wash pushes sand off the crest of the beach, creating over-wash 

lobes that build off the barrier backslope, extending for significant distance into the 

estuary.  These prominent features account for the significant change observed in barrier 

beach morphology captured in the cross-sectional surveys described above and illustrated 

in Figure 2.7.  These features also give rise to steep back barrier beach slopes both above 

and below the estuary water surface. 

 

As wave energy increases with the advent of winter storms, beach-face erosion overtakes 

beach replenishment due to a net increase in destructive, high magnitude, low period 

waves, especially at higher tide stages.  These processes also lead to a characteristically 

steeper winter beach face.  Partial to whole-scale breaching occurs as a result of high 

estuary water levels associated with increased freshwater inflows.  As seen throughout 

the winter of 2002/03, the resultant estuary inlet will remain open after breaching as long 

as there is sufficient freshwater inflow to the estuary combined with tidal prism to 

counter constructive wave activity at the beach face.  This is typically a punctuated 

process whereby the magnitude of constructive and destructive forces changes on a daily 

basis with the inlet morphology following suite.  For example, the initial breaches in 

early November of both 2002 and 2003 did not occur until the onset of the first storms 

and relatively high freshwater inflow.  In both cases, inlets quickly filled with sand and 

the barrier beach reformed due to a rapid recession of inflow rates back to relatively low 
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late-fall magnitudes.  Conversely, barrier breaches that occur later in the winter season 

(e.g., December of 2002) remain open primarily due to sustained high magnitude 

freshwater inflow rates in combination with tidal exchange.   

 

The breaching event of June 15, 2003 was unique in that it was not triggered by a single 

storm inflow pulse, but resulted from a gradual estuary filling from relatively high 

seasonal base flows sustained by the above average April 2003 rainfall contributions to 

the watershed.  Breaching in this instance occurred as a result of the estuary over spilling 

the barrier beach.  In the evening of June 15, 2003, there was an extreme difference in 

water surface elevation between estuary and ocean water surfaces, as the breach occurred 

during the lower-low water stage of a spring tide cycle.  As a result, an estimated 564-

acre-feet of water drained from the estuary over a span of 24 hours.  Based on a post-

breach cross-sectional survey (see Figure 2.6) and recorded estuary water levels, it is 

estimated that the erosive energy from this event resulted in an approximately 250-foot 

wide breach of over 10-feet deep.   

 

Barrier beach reconstruction after the June 15, 2003 breach was relatively rapid and 

freshwater inflows began refilling the estuary (see Figure 2.2).  By early July 2003, 

outflows from the estuary (as evaporation and seepage through the barrier beach) 

exceeded inflow and estuary water levels began to decline.  Equilibrium between estuary 

inflow and outflow was again reached by mid-August of 2003, resulting in relatively 

static estuary water levels and barrier beach morphology until the onset of wave over-

wash events in early October 2003.   

 

2.4 Estuary Water Quality and Habitat Relations 

 

The majority of water quality monitoring for this study was completed by ECORP 

Consulting, Inc. (presented in Chapter 3.0 of this report) and North Coast Regional Water 

Quality Control Board staff (RWQCB) (Dudik, 2003).  KHE completed supplemental 

water quality monitoring on several occasions throughout the study period.  This section 
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of the report provides a summary of project water quality-monitoring results as they 

relate to the morphodynamic stages of estuary and barrier beach development. 

 

The short-term cycles of barrier beach/inlet breaching and reconstruction over the winter 

season result in sharp changes in estuary salinity.  The RWQCB monitoring results for 

the period February 19-24, 2003 indicate that during periods when the majority of the 

inlet is partially closed and experiencing limited tidal exchange during high tide periods 

(i.e., estuary water level fluctuations up to only 2-feet) the estuary becomes a freshwater 

system, except for the deeper portions of pools along Mill Bend.  With the advent of 

higher wave energy, wave overwash and barrier breaching, like that seen on February 24, 

2003, high salinity waters quickly invade the estuary during flood tide, raising estuary 

salinities to 20 parts per thousand (ppt) near the summer tide gage and up to17 ppt at Mill 

Bend.  These same monitoring results indicate that salinities quickly fall back to the 

freshwater range later in the day as the estuary drains during the ebb tide and high 

freshwater inflow essentially flush the system. 

 

RWQCB water quality monitoring results for the period May 30-June 2, 2003 indicate 

that the inlet is still open but the effects of salinity intrusion do not appear to encroach up 

to Mill Bend even though estuary water levels fluctuate by up to 5-feet in response to 

daily tidal cycles.  Over this monitoring period, salinity concentrations range between 0.0 

and 17 ppt at the summer tide gage site, but remain entirely within the freshwater range 

in the shallow portions of Mill Bend.  Where seen, shallow water salinity concentrations 

rise and fall in concert with tidally induced changes in estuary water levels and 

concentrations quickly return to the freshwater range during ebb tidal periods due to 

relatively high freshwater inflow rates. 

 

Monitoring of estuary water quality on June 26, 2003 was completed during the 

inlet/beach reconstruction phase following the late season breach of June 15, 2003.  The 

RWQCB reports that the inlet was essentially closed at this time as also indicated by the 

estuary water level record.  Water level and photo-point monitoring data indicate open 
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inlet conditions bracket this event during the days leading up to and preceding the 

sampling event.  Water quality monitoring during this event consisted of completing a 

series of 12 evenly spaced vertical profiles from the inlet mouth to upstream of the 

Highway 1 Bridge.  Results of water quality monitoring indicate stratified conditions 

from the Ocean up to the Highway 1 Bridge, consisting of a 2.5- to 3.0-layer of 

freshwater overlying saline water.  The boundary between fresh and saline water was 

sharp and laterally continuous.  A repeat of this same water quality monitoring approach 

on July 30, 2003, one month after final barrier beach construction, revealed the estuary 

consisted entirely of freshwater with the exception of remnant saline pockets in the 

deepest parts of the Mill Bend pool.   

 

Water quality monitoring in the mid-summer to early fall (July through September) 

during the static stage reveals the estuary is a freshwater body with the exception of the 

stagnant saline pocket trapped at depths (greater than 8-feet) in the Mill Bend pool.  The 

October 23, 2003 water quality monitoring, completed by the RWQCB, occurred during 

a phase of periodic wave overwash.  As a result of the overwash, estuary salinities were 

elevated to varying degrees (concentrations ranging from 0.43 to 9.16 ppt) between the 

former inlet location and the Highway 1 Bridge.  Well-developed stratified conditions did 

not exist, although higher salinities were detected in deeper pools. 

 

Based on results of hydrologic monitoring and investigations, the North Fork Gualala 

River is an important source of baseflows to the lower Gualala River during the late 

season periods when the estuary is prone to high salinity conditions.  Figure 2.10 presents 

a comparison of daily flows at the USGS gages on the North Fork, South Fork, and 

Wheatfield Fork during WY2001.  Although there are flows contributing to the lower 

river from the South Fork the geologic and land-use conditions in the North Fork simply 

allow it to contribute a greater runoff per unit area than the other major tributaries feeding 

the lower river.  
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Although the Gualala River coastal estuary adjusts in a predictable manner to natural 

conditions and processes, it is important to realize that the changes are controlled by 

subtle shifts in the balance of physical forces.  The hydrologic and water quality 

characteristics within the coastal estuary throughout the year control the extent and 

quality of aquatic habitat for resident species.  Thus, any change to the timing or 

magnitude of any given characteristic or physical process brought about by human 

activity may have significant adverse affects on the estuary ecology.  Wave climate and 

tidal conditions are not likely to change over the long term.  However, changes in 

freshwater inflow and sediment delivery rates may introduce instability and adverse 

impacts to estuary habitat quality. There are numerous examples of how changes in water 

delivery and mechanical barrier breaches have adversely impacted aquatic habitats in 

other California coastal river systems including Redwood Creek in Humboldt County, 

Santa Clara River in Ventura County, Malibu Creek in Los Angeles County, and 

Pescadero, San Gregorio, Waddell, and Pomponio Creeks in San Mateo County 

(Redwood National Park, 1983; Environmental Science Associates 2003; Ambrose & 

Orme, 200; Smith, 1990 & 1987; and Swanson et al, 1990).  

 

Based on the monitoring completed over the study period, it appears that the Gualala 

Coastal estuary functioned in a natural and healthy manner during the “normal” and 

“below average” water year-type conditions and was dominated by fresh-water 

conditions.  High salinity conditions were quickly flushed by freshwater inflows during 

ebb tidal cycles when the inlet was open or diluted during closed inlet conditions. 
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CHAPTER 3.0 AQUATIC ECOLOGY 
 

3.1 Introduction 

 

The aquatic monitoring tasks were the responsibility of ECORP, including fish and 

benthic macroinvertebrate monitoring, and water quality monitoring. 

 

The objective of the Water Quality Study Component was to:  

• provide seasonal water quality profiles throughout the Gualala Estuary, including 

temperature, dissolved oxygen, pH, conductivity and/or salinity. 

 

The objectives of the Aquatic Ecology Study Component were to:  

• determine distribution and abundance of salmonids in the Gualala Estuary,  

• describe seasonal habitat conditions in the Gualala Estuary,  

• describe seasonal habitat availability in the Gualala Estuary,  

• develop a species list and relative abundance of all observed fish, birds and 

mammals, and if possible given budget considerations,   

• determine adult steelhead use and timing of migration through the Gualala 

Estuary. 

 

Adult steelhead use and timing of migration was not addressed in this report due to 

budget considerations. In addition, outmigration (including timing of outmigration) of 

juvenile steelhead was not directly studied.  

 

3.2 Methods 

 
3.2.1 Water Quality 

 

To evaluate potential water quality affects on salmonids present in the estuary, especially 

during low flow conditions, water quality profiles (i.e., parameter measurements with 
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depth) were obtained concurrently with all fish sampling efforts.  Water quality profiles 

consisted of a series of measurements recorded at prescribed intervals, from the surface to 

the bottom of the water column.  Profile data parameters included temperature, dissolved 

oxygen, conductivity, salinity, and pH.  Additionally, continuous recording temperature 

units were used to record water temperatures 0.5 meters below the surface and 0.5 meters 

off the bottom at selected locations.   

 

All water quality data were tabulated and graphed by site location and date.  An analysis 

of water quality conditions at varying estuary water surface levels, as well as open versus 

closed estuarine conditions, was conducted.   

 

3.2.2 Aquatic Ecology 

 

To adequately sample and evaluate aquatic habitats and species in the estuary, the estuary 

was divided into three sections: lower estuary section, middle or transitional section, and 

upper or riverine section (Figure 3.1).  These divisions were based primarily on habitat 

characteristics, substrate types, and flow conditions within the estuary.  The lower estuary 

section extends from the mouth of the river [River Mile (RM) 0.0] upstream to a point 

where the coastal vegetation community becomes established along the south bank at RM 

0.4.  The middle estuary (i.e., transitional section) extends from the upstream end of the 

lower estuarine section to just upstream of Mill Bend, or the “GRI (Gualala Redwoods, 

Inc.) Beach” located just downstream of the Highway 1 Bridge) RM 0.4 to RM 1.2.  The 

upper estuary (i.e., riverine section) extends from the Highway 1 Bridge at RM 1.2, 

upstream to the confluence with the North Fork Gualala River at RM 3.4.       

 

Aquatic Habitat Types 

  

Aquatic habitat types within the Gualala River estuary were measured using standard 

techniques developed by the CDFG and utilized in North Coast Watershed Assessment  
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Program (NCWAP) studies.  Habitat types were based primarily on the combined affects 

of differences in salinity, depth, and substrate parameters within the estuary.   

 

In general, four distinct habitat subsystems are present in the Gualala estuary:  

1) marine,  

2) brackish,  

3) freshwater estuary, and  

4) riverine.   

 

A marine subsystem is present only during short transitional periods, with limited 

distribution in the lower estuary, when the mouth of the estuary has breached.  Significant 

amounts of marine water can also enter the estuary during heavy surf conditions. 

 

The brackish water subsystem is an extension of the marine subsystem, and is also 

transitional in nature in the Gualala estuary.  Brackish water conditions can extend 

upstream farther than marine conditions, and for slightly longer time periods.  However, 

the tendency of the Gualala estuary is toward a closed, freshwater state.  

 

The freshwater estuary subsystem is by far the most common habitat type in the Gualala 

estuary.  Even after breaches, or inputs of marine water from heavy surf conditions, the 

Gualala estuary generally returns to freshwater conditions within a short time period 

(days to weeks). 

 

The riverine subsystem often consists of a narrow, subtidal river channel that may be 

seasonally influenced by salt water, or may contain freshwater throughout the year.   

 

3.2.2.1 Fisheries  

 

This study was designed to collect fisheries data throughout the Gualala estuary to 

develop population estimates for juvenile steelhead residing in the estuary, and to 
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describe fish species composition and abundance.  Sampling within the estuary was 

focused on summer through fall months to obtain fish population data during summer and 

fall low-flow conditions.  During this time period, habitat for juvenile steelhead in other 

portions of the basin can become limiting due to both natural and human-induced factors.  

Such limiting factors include streamflow volume (which affects the amount of available 

fish habitat), water temperature, habitat quality, and stream sedimentation due to past 

logging practices, road building, and other land use practices.  These and other 

watershed-specific issues have been addressed in the 2003 NCWAP report (Klamt et. al. 

2003).   

 

2002 Season 

 

Field sampling was initiated in June 2002 and was conducted every three weeks through 

November 2002.  A total of 6 monthly sampling events were completed (June through 

November).  Fish sampling was conducted using a 100-foot bagged beach seine (1/8 inch 

delta mesh).  Samples were collected within the three estuary sections (upper, middle, 

and lower) to obtain sufficient data to describe fish and macroinvertebrate distribution 

patterns relative to different water quality and substrate conditions present within the 

three estuary sections.  Approximately 20 hauls were completed within the estuary during 

each sampling event.  Beach seining was complemented by quantitative assessments of 

habitat quality, substrate evaluation, and water quality measurements.  

Originally, the fisheries sampling design was conducted every three weeks beginning in 

late spring and extending through the fall, to provide sufficient data to characterize the 

steelhead population structure and to calculate population estimates for the estuary.  

However, during the 2002 August sampling event, riverine sampling upstream of the 

Highway 1 bridge became difficult due to dense blooms of filamentous algae.  Because 

of the extreme difficulty associated with sampling in areas with large accumulations of 

filamentous algal, a decision was made to decrease sampling in the upper section. In 

general, filamentous algae is pervasive throughout the lower river and in some areas of 

the estuary from mid-summer through late-fall. These blooms did not appear to adversely 
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impact steelhead juveniles during the 2002 or 2003 sampling seasons; in fact, steelhead 

fry were often observed using filamentous algae as cover.  During the mid-summer to late 

fall period, the lower river is very shallow.  The channel in this part of the river is wide 

and without significant riparian or other shaded cover (except along the channel edges) 

that would reduce or limit solar radiation input, a major factor conducive to algal and/or 

other macrophytic plant growth.  Increased stream temperatures during the mid-summer 

and fall months reflect the increases in solar radiation and often exceed 20 ºC.  In 

combination, the elevated water temperatures and increases in solar radiation would favor 

the growth of macroalgae and other aquatic plants providing sufficient nutrients are 

available.  Nutrient loading can and may occur in the Gualala River watershed from 

anthropomorphic sources, such as agricultural runoff, campgrounds, and septic systems.  

However, these factors are outside the scope of this study. 

 

During the initial October sampling, an additional sampling day was added following the 

normal mark/recapture sampling event to independently estimate the steelhead population 

at that time.  Also, the fall 2002 sampling effort was extended into November to take 

advantage of the fact that the estuary remained closed and to gain further understanding 

of steelhead use of the estuary in late fall.   

 

2003 Season 

 

From further discussions at the TAC meeting after the first year of sampling had been 

completed, two general issues arose: 

 

• that upstream migration of juvenile steelhead from the lower estuary into the 

upper estuary or river may occur during  the onset of late-fall wave overwash and 

increased estuary salinity, and 
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• that based on observations reported by CDFG biologists during summer snorkel 

surveys in the North Fork Gualala River, Coho salmon may still be present in the 

estuary2. 

 

To address the above issues, field sampling in 2003 began in February to evaluate the 

presence/absence of Coho salmon in the estuary, since Coho salmon are known to utilize 

estuarine habitats elsewhere along the California coastline early in the year (Cannata, 

1998).   Also, the sampling effort was increased in the riverine section of the estuary to 

obtain additional data for evaluating the potential for upstream migration of juvenile 

steelhead during late fall.  The increase in the number of upstream hauls likely had an 

affect on abundance estimates for some species (in particular, three-spine stickleback) for 

2003, as compared to the 2002.After the February sampling event, sampling was resumed 

in May, and then continued monthly through October 2003. A total of 7 monthly sample 

events were completed during the 2003 season (February and May through October). 

 

Sampling Protocols 

 

Seining was the primary method for fish sampling throughout the estuary.  In most cases, 

the seine was deployed parallel to the shoreline, at a distance of about 75 feet from the 

shoreline, from an inflatable boat.  At least a four-person crew then pulled the seine into 

shore.  However, in the riverine section near the confluence with the North Fork, the 

seine was set along one side of the river channel and pulled across to the other side of the 

river.  Also, in some backwater areas, a two-person 10-meter seine was used to sample in 

and around submerged and emerged vegetation.  Fish caught in the beach seine were 

identified to species, then measured to fork length (to the nearest mm) and weighed (to 

the nearest 0.1 gram).  All specimens were immediately returned to the water, except for 

steelhead 80 mm or greater in length, which were fin-clipped and marked with a freeze 

brand to identify the catch from each sampling event.  Additionally, during each 

                                                 
2 Juvenile Coho salmon were reported (but not confirmed) to NOAA fisheries personnel to have been 
stranded immediately after the early summer breach event on June 15, 2003. 
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sampling event, lengths were recorded for a representative number of fish species other 

than salmonids (i.e., the first 30 recorded of each species). 

 

Population Analysis 

 

Marking and subsequent recapture of steelhead allowed for calculation of population 

estimates within the estuary for each sampling event.  Steelhead population estimates 

were made using two different estimators; a modified Petersen (Schnabel and 

Schumacher, (Ricker, 1975) mark/recapture strategy, and the Jolly-Seber estimator.  The 

modified Petersen estimator assumes a closed system with no recruitment or mortality.  

The Jolly-Seber method assumes an open system and allows a calculation of survival for 

each sampling event.  Each estimator functions independently of the other, which 

provides two different approaches to estimating population size.  Individual steelhead 

lengths and weights were also used to assess fitness of Gualala River juvenile steelhead 

in the estuary throughout the summer and fall.   

 

Data collected during the two sampling years were tabulated by date and estuary section 

to document the temporal and spatial distribution patterns of steelhead within the estuary.  

These data were also compared against physical habitat characteristics and water quality 

parameters, using non-parametric statistics to analyze potential limiting factors in estuary 

productivity.  Standard analytical techniques were incorporated, including calculation of 

condition factor, development of length-frequency histograms, and the calculation of tri-

weekly population estimates from mark-recapture sampling.     

 

Steelhead Stomach Analysis  

 

Steelhead stomach analyses were completed on all steelhead mortalities associated with 

field sampling.  Steelhead mortalities were placed into labeled jars with 10% buffered 

formalin, and transported to the ECORP Consulting, Inc. laboratory facilities in Roseville 

for later analysis.  A few specimens were analyzed together due to mixing of stomach 
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contents when specimens were prepared for fixation.  Each fish was dissected and the 

entire digestive system examined.  Organisms were identified to lowest taxonomic level 

depending on the condition of the specimen.    

 

3.2.2.2 Benthic Macroinvertebrate Surveys  

 

Benthic macroinvertebrate (BMI) sampling in the Gualala estuary was conducted in three 

reaches: lower reach - RM 0.4 to RM 1.1; middle reach - RM 1.6 to RM 2.0; and upper 

reach - RM 2.5 to RM 3.2.  In 2002, three sites per reach were sampled during the July 

fish-sampling event under closed estuary conditions.  A second set of samples was 

collected in 2003 in the middle estuary (RM 0.8) during the May sampling effort, while 

the estuary was breached and the river was flowing to the ocean.  During breach 

conditions, riffle habitat becomes more abundant and is similar to that found in the 

upstream riverine reach.  

 

Sampling was conducted with a kick-net according to the CDFG California Stream 

Bioassessment Procedure (CSBP) protocols for streams and rivers.  Three 1 ft x 2 ft areas 

along each transect were sampled using a D-framed kick net with standard mesh (0.5 

mm).  The three samples were placed into a bucket, elutriated using a standard sieve (0.5 

mm mesh; #35 sieve), and processed to remove excess fine sediment and debris.  The 

remaining sample was placed into a container with 95% ethanol and then stained with 

Rose Bengal dye.  

 

A modified sampling method was used to collect benthic macroinvertebrates in the lower 

(non-flowing) part of the estuary.  In this lower section, three distinct areas were chosen 

to collect samples: one in an area of widgeon grass, one in a gravel area, and one along 

the Mill Bend area.  During sampling, a five to six foot area was agitated and multiple 

sweeps with the kick-net were performed to collect the sample.  The samples were then 

placed into a 0.5 mm sieve, and large pieces of course particulate organic matter (CPOM) 

were inspected for clinging organisms and then discarded.   
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In the laboratory, each sample was placed into a grid-lined sub-sampling pan (5-cm 

square cells).  A random number table was used to choose random grids and all material 

(detritus and invertebrates) was removed from the pan.  The sub-sample was sorted using 

stereo dissecting microscopes at 10X magnification.  A total of 300 organisms were 

removed from each sample for identification.  Any remaining macroinvertebrates were 

removed from the subsample, enumerated, and placed into a separate labeled vial (i.e., 

sample ID, date collected, amount of subsample and number of macroinvertebrates) 

containing 70% ethanol.  The taxonomic identification of organisms was conducted 

according to the CSBP Level III protocols (genus and species). 

 

3.3 Results 

 

3.3.1 Water Quality  

 

Water quality data were collected from June through November 2002, and from February 

through October 2003.   Sampling was conducted during both closed (2002) and open 

(2003) conditions.  During most sampling events, water quality profile data were 

collected in association with fish sampling efforts.  Water quality profiles consisted of a 

series of measurements recorded at equal intervals from the water surface to the bottom 

of the water column.  Profile measurements included; temperature, dissolved oxygen 

(D.O.), conductivity, salinity, pH, and turbidity as total dissolve solids (T.D.S.).  Water 

temperatures were also recorded at 0.5 meters below the surface and at 0.5 meters above 

the bottom.  All water quality data was tabulated and graphed by site location and date.  

These data were also grouped for analysis of open vs. closed estuarine conditions.   

 

In addition to collecting water quality data at fish sampling sites, profiles were also taken 

at specific locations throughout the estuary during each sampling event.  These additional 

water quality stations were located in the following areas: 

• mouth of estuary, 

• near the tide gage, 
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• near China Gulch, 

• Mill Bend, and 

• 100 m above Highway 1 Bridge  

 

The locations of all water quality profile sampling stations are provided in Figure 3.2.  

Raw water quality profile data are provided in Appendix B, by sampling year, month, and 

estuary location.  

 

Water Quality Depth Profiles 

 

Water quality depth profiles were collected at selected locations within the estuary in 

conjunction with most fish sampling events in 2002 and 2003.  The following section 

describes the general water quality conditions present within the estuary during these 

sampling periods.    

  

Summer Period (June through August) 

 

June:   

In June 2002, water quality profiles obtained in the lower and middle estuary up to Mill 

Bend, showed well-mixed conditions for all parameters during this closed lagoon period 

(Appendix B-1 through B-4).  Water temperatures ranged from about 18.0 – 19.0 °C, 

salinity readings were slightly above zero (freshwater dominated), and D.O. varied from 

about 7.0 – 9.0 mg/L.  The water quality profile at the long pool at Mill Bend showed that 

salinity stratification (from 0 to 27 ppt) had occurred between 9.0 and 10.0 ft deep (see 

Appendix B-4).   Water temperatures remained relatively constant with depth ranging 

from about 17.0 – 18.0°C; however, D.O. levels decreased substantially from about 8 to 9 

mg/L in the surface layer, to about 3 mg/L at a depth of 12 ft.   Below 12 ft. depth, D.O. 

continued to drop to a minimum value of about 2 mg/L on the bottom (20 ft deep).   
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As expected, water quality profiles obtained in June 2003 under open estuary conditions 

(after June 15, 2003 breach) were substantially different than water quality profiles 

obtained during closed estuary conditions that were present in 2002.  At the mouth of the 

estuary, marine conditions dominated the water column with salinities and associated 

T.D.S values ranging from about 30.5 ppt on the surface to 33.5 ppt on the bottom (at 6 ft 

deep) (Appendix B-27).  Water temperature, D.O., and pH values were relatively 

consistent with depth: averaging 11.0°C, 10.0 mg/L, and 7.8, respectively.   

 

Moving upstream from the mouth, profiles collected at the tide gage and at China Gulch 

indicated more brackish conditions (7-17 ppt) on the surface (upper 2 ft of the water 

column) (Appendix B-28 and B-29), below which, salinity returned to about 33 ppt.  As 

before, the T.D.S. profile mimicked the salinity curve.  Water temperatures decreased 

from a range of 15.0 to 17.0°C on the surface, to about 11.0°C at a depth of 3 ft.  Values 

obtained for both D.O. and pH were relatively constant throughout the water column, 

with values averaging about 10.0 mg/L and 8.0, respectively. 

 

The profile obtained at Mill Bend (Appendix B-30) also showed the increased presence 

of freshwater, but also showed salinity stratification from less than 0.5 ppt in the surface 

layer, to about 24 ppt between the depths of 7 and 8 ft.  The water temperature profile 

showed a substantial drop in temperature at and below the stratification layer (from 

20.0°C to about 13.0°C), with no associated decrease in D.O.  Both D.O. and pH values 

were relatively stable throughout the water column, with values ranging between 10.0 

and 11.0 mg/L and 7.0 to 8.0, respectively.  Water quality data collected at the shallow (4 

ft deep) site 100 m above the Highway 1 Bridge showed the same general profile and 

parameter values as that described above for the upper 7-ft of the water column at Mill 

Bend (Appendix B-31).   

 

July:   

During the July 2002 sampling effort at Mill Bend, salinity stratification (from 0 to 25 

ppt) occurred at the surface between 0 and 1-foot of water (Appendix B-5).  Water 
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temperatures in the stratification layer increased substantially (~22.5 – 26.5°C), then 

decreased below the salinity wedge to a minimum temperature of about 21.0°C, and then 

gradually increased again to a maximum temperature of about 27.0°C at the bottom (~15 

ft deep).   Dissolved oxygen levels fluctuated slightly with increasing depth, but values 

were generally between 7.0 to 8.0 mg/L.  Well-mixed freshwater conditions were 

observed above the Highway 1 Bridge (Appendix B-6).        

         

Water quality data collected during the July 2003 sampling effort showed a change in the 

estuary from primarily marine conditions to a freshwater environment.  Profiles obtained 

in the lower and middle estuary up to Mill Bend documented well-mixed conditions with 

salinities <0.5 ppt (Appendix B-32 and B-33).  Water temperatures throughout the water 

column were warm, ranging from 21.5°C at the mouth of the estuary to slightly over 

22.0°C at China Gulch.  Dissolved oxygen values were relatively consistent with depth, 

ranging between 9.0 and 10.0 mg/L; and a stable pH of 8.5.  As noted earlier, T.D.S. 

values paralleled the salinity readings.    

 

At the Mill Bend station, stratified conditions were still present, ranging from 0 on the 

surface to about 21 ppt on the bottom (Appendix B-34).  Water temperature increased 

from 20.5°C in the surface layer to about 24.0°C below the stratified layer.  Total 

dissolved solids increased proportionately with increasing salinity.  Dissolved oxygen 

levels in the upper 11.0 ft of the water column averaged about 9.0 mg/L.  However, D.O. 

levels within and below the stratification layer showed a substantial increase in 

concentration, which must be considered an anomalous response to increased salinity and 

temperature.  As noted in June, values for pH were relatively stable with depth, ranging 

from 7.0 to 8.0.    

 

At the shallow site 100 m above the Highway 1 Bridge, water quality data showed the 

same general profile and parameter values, except for D.O., which was slightly lower in 

July at about 8.0 to 8.5 mg/L (Appendix B-35). 
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August: 

Two water quality profiles were obtained at Mill Bend in August 2002.  On August 2, 

salinity stratification (from 0 to about 25 ppt) was still present at the site, but had moved 

from the surface into deeper water between 10.0 and 11.0 ft deep (Appendix B-7).  The 

water column above the stratification layer was well mixed, with water temperatures 

averaging about 18.0°C, and D.O. values around 8.0 mg/L.  Within and below the 

stratification layer, water temperatures increased sharply to about 25.0°C at a depth of 

about 15 ft., and D.O. levels dropped to about 6.5 mg/L.  On August 13, a second profile 

was obtained at Mill Bend that generally showed deteriorating water quality conditions at 

the site (Appendix B-8).  The stratified layer (from 0 to about 22 ppt) had expanded into 

shallower water, and was now located between 5.0 and 11.0 ft deep.  Surface waters had 

remained about the same (18.0°C), and temperatures at and below the stratification layer 

were still warm, averaging about 23.0°C.   Below the stratified layer, D.O. levels 

continued to drop, ranging between 4.5 and 6.0 mg/L between 10 ft deep and the bottom 

(15 ft deep).             

 

In August 2003, water quality profiles were obtained at the mouth of the estuary, and at 

Mill Bend.  At the mouth, water column conditions showed well-mixed conditions 

reflecting a freshwater environment (Appendix B-36).  Water temperatures throughout 

the water column were still warm, ranging from 21.1 to 25.0°C.  Dissolved oxygen levels 

fluctuated slightly with depth, but were generally between 10.0 and 11.0 mg/L.  Values 

for pH (about 8.8) were stable with depth.   

 

At Mill Bend, salinity stratification (0 to about 22 ppt) had moved slightly deeper, 

occurring between 12.0 and 13.0 ft deep (Appendix B-37).  In the water column above 

the stratification layer, water quality parameters were generally similar (except surface 

water temperature which dropped to an average of about 19.5°C) to the values obtained at 

the mouth of the estuary.  At and below the stratification layer, water temperatures 

increased to a maximum of about 23.0°C, D.O. decreased rapidly to just above zero from 

13 ft deep to the bottom (16 ft deep), and pH decreased slightly to about 7.0.            
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Fall Period (September through November) 

 

September: 

In late September 2002, the water quality profile at the long pool at Mill Bend showed 

that salinity stratification (from 0 to 25 ppt) had occurred between about 6 and 10 ft deep 

(Appendix B-9).  Surface water temperatures were about 17 °C, but increased rapidly to 

about 21.0°C below the stratified layer.  Dissolved oxygen levels decreased substantially 

in the saline layer from about 7.5 mg/L at about 6 ft deep, to <1.0 mg/L at 10 ft deep.  

Below 10 ft deep, D.O. increased rapidly again and at 13 ft deep, was back to surface 

concentrations.   

 

Profiles obtained in late September 2003 showed relatively well mixed conditions from 

the summer tide gage upstream to the Highway 1 Bridge (Appendix B-39 through B-42), 

as observed during the summer months (see Appendix B-31, B-35, and B-42).   At the 

mouth, the profile indicated some influence of ocean wave-wash, with slightly increased 

salinity below 10 ft deep (Appendix B-38).  Salinities throughout the estuary were <0.5 

ppt., and surface water temperatures were generally warm (between 20.5 and 21.5°C); 

however, water temperatures decreased with depth.  In the lower estuary (from the mouth 

to China Gulch), water temperatures below a depth of about 2 ft were generally 2.0 to 

3.0°C cooler than on the surface.  The greatest decrease in temperature occurred at the 

stations located at Mill Bend and 100 m above the Highway 1 Bridge where water 

temperatures below a depth of about 4 ft were >3.0°C cooler than surface temperatures.  

The substantial decrease in temperature observed at the station above the Highway 1 

Bridge is unusual considering the shallow depth.  D.O. levels fluctuated with depth at 

most sites, but were generally in the range of 9.0 to 11.0 mg/L; and pH values averaged 

between 8.0 and 9.0.                   

 

October: 

The water quality profile at Mill Bend (2002) showed that the salinity stratification had 

weakened slightly (relative to September) to a maximum salinity of 17 ppt, within a 
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depth range of about 6 ft (Appendix B-10).  Surface waters had cooled slightly from 

September to about 15.0°C, and decreased further to about 13.5°C below the salinity 

wedge.   Dissolved oxygen concentrations on the surface were low (about 6.0 mg/L) and 

decreased to about 4.0 mg/L within and below the stratification layer.   

 

Water quality profiles collected in late October 2003 showed the effects of increased 

salinity concentrations due to wave overwash extending throughout the lower and middle 

estuary, up to and including Mill Bend (Appendix B-43 through B-45).  Upstream of Mill 

Bend (station located 100 m above the Highway 1 Bridge), the estuary was still well 

mixed, with a salinity of < 0.5 ppt, water temperatures between 13.5 to 15.0°C, D.O. 

levels between 7.5 and 8.5 mg/L, and a pH of around 8.2 (Appendix B-46).   

 

Below Mill Bend, salinity stratification began at a depth of about 3 ft and gradually 

increased with depth to a maximum of 12 ppt on the bottom.  As expected, profiles for 

conductivity and T.D.S. mimicked the increasing salinity gradient.  Water quality profiles 

for D.O., pH, and temperature showed little change with depth during this period, 

regardless of location in the lower or middle estuary.  In general, D.O. levels ranged from 

about 7.5 to 10.0 mg/L, pH levels were between 8 and 8.5, and temperatures ranged from 

about 15.0 °C on the bottom to 17.0 °C in the middle and upper water column.   

 

At Mill Bend in October (2002), salinity stratification began at about 5 ft deep, and 

gradually increased to around 9 ppt on the bottom (15 ft deep) (Appendix B-45).  As in 

the lower estuary, conductivity and T.D.S. values generally paralleled the salinity 

gradient.  Dissolved oxygen levels decreased slightly from the surface to 5 ft deep (12 to 

10 mg/L), then dropped rapidly below that point to about 2 mg/L at 10 ft deep.  Below a 

depth of about 8.5 ft, D.O. levels were low (< 5 mg/L).  Water temperatures varied 

according to depth and salinity concentration.  Surface water temperatures to a depth of 5 

ft averaged about 14.0 °C, then increased steadily to a depth of 9 ft and stabilized at 

around 17 °C.  Values for pH were generally similar (7 to 8) throughout the water 

column.                   
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November: 

November water quality profiles were only obtained in 2002.  Two sampling efforts were 

conducted during this month (November 8 and 23); however, only Mill Bend profiles 

were collected on November 23.  Profiles collected on November 8 in the lower and 

middle estuary showed that surface waters were more saline than during the October 

sampling period (Appendix B-11 through B-13).  As noted in Chapter 2.0, the estuary 

was partially breached during the storm of November 6-7.  Surface water salinity was 

greatest at the mouth (12 ppt), and then decreased steadily moving up the estuary, to 

about 3 ppt at Mill Bend.  Salinity stratification at the lower and middle estuary stations 

generally increased linearly from the surface to a maximum salinity of about 25 ppt on 

the bottom (10 ft deep).  Temperature and D.O. values in the lower and middle estuary 

remained relatively consistent with depth and between stations.  Water temperatures 

during this period ranged from about 13.0 to 14.0 °C, and D.O. levels varied between 8.0 

and 9.0 mg/L.   

 

At Mill Bend, the salinity gradient was stronger and more pronounced than in the lower 

portions of the estuary (see Appendix B-13).  Salinity increased steadily from the surface 

(~3 ppt) to about 27 ppt at a depth of about 6 ft, and then slowly increased to a maximum 

salinity of about 30 ppt on the bottom (20 ft).   In contrast to conditions present during 

the October sampling period, water temperatures did not increase and D.O. levels did not 

decrease below the stratification layer.  Water temperature values remained relatively 

constant with depth (13.0 to 14.0 °C), as were D.O. levels (8 to 9 mg/L).   

 

By the November 23 sampling event, surface salinities at the mouth and at upstream 

locations showed a substantial decrease from the earlier November 8 sampling effort 

(Appendix B-14 through B-16).  At the mouth of the estuary, a slight increase in salinity 

occurred below 3 ft deep, likely a result of tidal influences and/or wave overwash.  The 

water quality profile obtained at Mill Bend on November 23 (see Appendix B-16) was 

more similar to the profile collected in October (see Appendix B-10) at Mill Bend than to 

the profile obtained on November 8 (see Appendix B-13).  On November 23, salinity 
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stratification occurred between the 7 and 10 ft deep, with a corresponding increase in 

salinity from 0 to about 25 mg/L (see Appendix B-16).  Water temperature increased 

from about 11.5 °C on the surface to about 14 °C below the stratified layer.  Dissolved 

oxygen levels showed the same substantial decline within and below the stratification 

layer, from about 9 mg/L on the surface to about 2 mg/L at a depth of 13 ft.  

Salinity stratification was also present at China Gulch located below Mill Bend (see 

Appendix B-15).  Stratification began at a depth of about 4 ft, and gradually increased 

with depth to a maximum of 15 ppt on the bottom.  Temperature showed little change 

with depth; however, D.O. decreased with depth below about 7 ft deep to a minimum 

value of about 6.5 mg/L. 

 

Late Winter/Spring 2003 (February through May) 

 

Field sampling in 2002 began in June, and as a result winter/spring data is not available.  

However, water quality data were collected in the late winter and spring of 2003, during 

February, April, and May.  During the latter part of this period, the barrier beach was 

breached and the Gualala River flowed directly to the ocean.   

 

February/April: 

Freshwater conditions dominated the estuary for the three-month period.  Water quality 

profiles obtained at various locations within the estuary showed well-mixed conditions in 

the estuary (Appendix B-17 through B-21).  During each of the three sampling events 

conducted during the winter/spring period, measured values for temperature, 

salinity/conductivity, pH, total dissolved solids, and generally for dissolved oxygen, were 

similar (and at levels appropriate for juvenile steelhead survival) throughout the water 

column regardless of location within the estuary.  During February and April sampling 

events, water temperatures averaged 10.0 to 11.4°C, with DO ranging from 9.5 to 12.7 

mg/L.   
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May: 

In May, salinity stratification (0 to 21 ppt) was evident at the Tide Gage (Appendix B-23) 

at depths below 5.0 ft, but conditions appeared to be well-mixed near the mouth 

(Appendix B-22).  As would be expected, TDS levels mimicked the salinity curve.  

Above the stratified layer, water quality parameters were similar throughout the estuary: 

water temperatures averaged about 14.0°C, D.O. levels were between 11.0 and 12.0 

mg/L, and pH values were around 7.5.  Below the stratified layer, water temperatures 

decreased to about 12.0°C, D.O. levels fluctuated from about 10.0 to 12.5 mg/L, and pH 

decreased slightly to an average of about 7.0.  Well-mixed freshwater conditions 

dominated the estuary from China Gulch upstream (Appendix B-24 through B-26).  

 

Continuous Temperature Recorders 

 

In 2002, Hobo continuous recording temperature recorders were placed in the estuary to 

monitor water temperatures during the summer period at selected locations within the 

Gualala estuary.  During the study period, some of the temperature recorders were lost or 

stolen (high recreational use area), and others were lost due to burial by sand.  In July and 

August 2002, water temperatures in the upper estuary exceeded 25 ºC (thermal maximum 

for steelhead) on 11 days (Appendix B-47).   On the 11 days that the temperature 

exceeded 25 ºC, the duration of the exceedance ranged from one to six hours.  Hourly 

maximum temperature readings ranged from 25.2 to 26.7 ºC on those days.  During the 

same time period, bottom and surface water temperatures recorded in the middle estuary 

did not reach 25 ºC (Appendix B-48).  

 

In 2003, none of the continuous temperature data recorders for the month of July were 

recovered from the estuary.  Consequently, new recorders were deployed in August 2003.  

Continuous temperature data for August and September showed that water temperatures 

exceeded 25 ºC on only two days in August 2003 (Appendix B-49 and B-50).  On the two 

days that the temperature exceeded 25 ºC, the duration was only one-hour each day.    

Hourly maximum temperature readings did not exceed 25.6 ºC on the two days.    
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Salinity Patterns in the Estuary 

 

Salinity patterns within the estuary are graphically presented for each site visit for both 

2002 and 2003 (Appendix B-51).  The graphs include all available salinity data obtained 

from both profile data and spot measurements made at individual haul locations.  Surface 

and bottom salinities are presented by river mile, from the mouth to the upper estuary.   

 

The estuary was closed throughout all sampling events in 2002, except for the last 

sampling effort on November 23.  With the exception of the deep hole at Mill Bend (RM 

1.1), the estuary was predominantly freshwater in 2002.  Ocean wave-wash began to 

increase bottom salinities at the mouth of the estuary by late September 2002, and 

continued to increase through the October and November sampling events.  By the early 

November sampling event, surface waters began to show increased salinities ranging 

from 11 ppt near the mouth to about 3 ppt at Mill Bend (mile 1.2).  However, the estuary 

breached between the November 8 and the November 26 and 27 sampling events, 

flushing the saline water from the bottom of the pool at Mill Bend.  Following this breach 

event, the entire estuary was freshwater (see Appendix B-51) and remained fresh through 

the February 2003 sampling period.   

 

The estuary was open during the May and June 2003 sampling events.  In May, salinities 

of about 22 ppt were recorded on the bottom at RM 0.4.  By June, salinities (ranging from 

25-33 ppt) were recorded on the bottom upstream as far as the Highway 1 Bridge (mile 

1.2); surface waters showed salinities ranging from 30 ppt near the mouth to about 5 ppt 

in the lower-middle estuary (RM 0.41) (Appendix B-51).  As in 2002, the deep hole at 

Mill Bend contained saline water throughout the 2003 summer and fall sampling periods.  

As observed in 2002, ocean wave-wash in late September and October 2003 increased 

bottom salinities in the lower estuary.   

In both 2002 and 2003, the Gualala River estuary was primarily for most of the year, 

except when the estuary was open and when ocean wave-wash contributed saline water to 

the estuary.   
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3.3.2 Aquatic Ecology  

 

3.3.2.1 Fisheries 

 

Sampling Effort 

 

Survey efforts were similar between the two years, with a mean number of 19 hauls per 

month in 2002, and 21 hauls per month in 2003 (Table 3.1).  However, in 2002, 90 

percent of the sampling effort was concentrated in the middle and lower estuary sections, 

whereas in 2003, 75 percent of the sampling effort occurred in these lower two sections.  

In the upper (riverine) section, the number of hauls increased from 10 percent in 2002, to 

25 percent in 2003, as requested by the TAC.  The location and river mile of all fish 

sampling efforts is provided in Figure 3.2.    

 

Species Composition and Abundance 

  

Species composition and abundance data for all sampling events in 2002 and 2003 are 

provided in Table 3.2 and are summarized below.      

    

2002 Sampling Results 

 

A total of eight fish species were collected in the Gualala River and estuary during 

surveys in 2002.   Ninety percent of the catch consisted of steelhead, threespine 

stickleback, and Pacific staghorn sculpin.  Steelhead comprised the majority of the catch 

at 46.1%, followed by threespine stickleback at 30.1% (Figure 3.3).  The remaining nine 

percent of the catch consisted primarily of coastrange sculpin and Gualala roach, along 

with a few surf smelt and Pacific herring.  Table 3.3 provides a numerical breakdown of 

all species captured in 2002 by month and reach (upper, middle, and lower).  In general, 

estuarine species (Pacific staghorn sculpin and starry flounder) were more abundant in 

2002 (comprising 17% of the catch) than in 2003 (<0.6% of the catch). 



Table 3.1  Total number of hauls per month and estuary section for 2002 and 2003 at the Gualala estuary.

2002
Sampling Events

June 10 7 2 19

July 12 3 2 17

August  25 8 2 35

September   28 7 1 36

October 31 7 2 40

November 12 10 8 30

Total 118 42 17 177

2003
Sampling Events

February 10 7 4 21

May 9 2 1 12

June 8 2 15 25

July 7 6 3 16

August 15 2 6 23

September 18 6 5 29

October  30 8 10 48

Total 97 33 44 174

Upper Estuary TotalLower Estuary Middle Estuary

Number of Hauls

Number of Hauls

Upper Estuary TotalLower Estuary Middle Estuary

 



Table 3.2  Summary of fish abundance in the Gualala estuary by species and sampling event from June through November 2002, and from February through October 2003.

2002 Sampling 
Events

Event 
Number Steelhead

Coho 
Salmon

Starry 
flounder

Prickly 
sculpin 

Riffle 
sculpin 

Coastrange 
sculpin

Pacific staghorn 
sculpin

Three-spine 
stickleback

Gualala 
roach

Pacific 
herring

Surf 
smelt Lamprey Total

June 19-20 1 159 0 13 0 0 39 23 41 82 3 2 0 362

July 10-12 2 696 0 99 0 0 3 295 199 18 0 0 0 1,310

August 1-2 3 820 0 13 0 0 124 106 95 0 0 0 0 1,158

August 12-13 4 833 0 28 0 0 0 509 457 11 0 0 0 1,838

September 4-6 5 1,135 0 22 0 0 189 407 591 1 0 0 0 2,345

September 25-27 6 825 0 19 0 0 229 214 1044 12 0 0 0 2,343

October 21-22 7 275 0 1 0 0 0 64 757 40 0 0 0 1,137

October 24 8 372 0 0 0 0 0 1 0 0 0 0 0 373

November 26-27 9 11 0 2 0 0 0 73 161 0 0 0 0 247

5,126 0 197 0 0 584 1,692 3,345 164 3 2 0 11,113

2003 Sampling 
Events

Event 
Number Steelhead

Coho 
Salmon

Starry 
flounder 

Prickly 
sculpin 

Riffle 
sculpin 

Coastrange 
sculpin 

Pacific staghorn 
sculpin 

Three-spine 
stickleback

Gualala 
roach 

Pacific 
herring 

Surf 
smelt Lamprey Total

February 18-19 10 84 0 9 0 0 89 1 34 0 0 0 1 218

May 19-20 11 233 1 1 0 3 92 41 164 0 0 0 0 535

June 17-18 12 342 0 3 1 1 5 145 905 68 1 0 0 1,471

July 22-23 13 620 0 1 18 0 0 69 200 180 0 0 0 1,088

August 22-23 14 520 0 16 14 0 439 5 10,152 5 0 0 0 11,151

September 23-24 15 940 0 9 4 0 170 1 14,969 134 0 0 0 16,227

October 27-28 16 1108 0 2 305 1 104 0 8,485 93 0 0 0 10,098

October 30 17 621 0 6 40 0 286 0 6,425 1 0 0 0 7,379

4,468 1 47 382 5 1,185 262 41,334 481 1 0 1 48,167

Total

Total

  



Figure 3.3  Species composition within the Gualala estuary during the 2002 and 2003 sampling seasons.

Species composition within the Gualala estuary
from June through November, 2002
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Steelhead (46.1%)

Starry flounder (1.8%)

Coastrange sculpin 
(5.2%)

Species Composition within the Gualala estuary
from February through October, 2003
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Gualala roach (1.0%)

Coastrange sculpin 
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Three-spine 

stickleback (85.8%)

Lamprey (< 0.1%)
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Because of the large number of steelhead captured in 2002, the primary focus of the 

sampling effort was rapid processing of steelhead to prevent mortality, with less 

emphasis on non-salmonid species.  Steelhead was the most likely species to suffer stress 

related mortality during thermal highs, which occurred in July and August.  To prevent 

steelhead mortality, only visual estimates of stickleback abundance were made, especially 

YOY.  Substantial blooms of filamentous algae severely hindered sampling in the upper 

section from July through the end of summer.  As a result, sampling frequency in the 

upper estuary in 2002 was reduced.   

 

2003 Sampling Results 

 

A total of eleven fish species were collected during the 2003 surveys.  The majority of 

the catch (95 percent) consisted of threespine stickleback and steelhead.  However, in 

contrast to 2002, threespine stickleback dominated the catch at 86%, with steelhead 

comprising only 9% of the catch (see Figure 3.3).  The remaining five percent consisted 

primarily of coastrange sculpin and Gualala roach, with lower numbers of prickly sculpin 

and Pacific staghorn sculpin.  Additionally, a few Pacific lamprey ammocoete, starry 

flounder, riffle sculpin, Pacific herring, and one juvenile coho salmon were captured in 

2003.  A single juvenile Coho salmon (102 mm in length) was collected in the lower 

estuary during the May sampling event.  No other Coho salmon were collected during the 

study.  Anecdotal information obtained from CDFG snorkel surveys and local residents 

indicated the possible presence of juvenile Coho salmon in the upper watershed.  It is 

therefore likely that this individual was an outmigrant.  Table 3.4 provides a numerical 

breakdown of all species captured in 2003 by month and section (upper, middle, and 

lower).  Overall, conditions in the estuary in 2003 appeared to favor freshwater species.  

 

In 2003, steelhead were generally not as abundant in most hauls, especially from May 

through July.  Therefore, hauls could be processed quickly. Consequently, there was 

additional time available to process the large number of threespine stickleback in the  

 



Table 3.3  Fish species, and numbers of individuals captured in the Gualala estuary in 2002 by sampling month and estuary section.

Steelhead Coho 
Salmon

Starry 
flounder

Coastrange 
sculpin

Pacific 
staghorn 
sculpin

Threespine 
stickleback

Gualala 
roach

Pacific 
herring Surf smelt Total 

Number

June Lower Estuary 81                0 13                21                 23                4                      3 2 147          
Middle Estuary 54                0 6                   11                    73               144          
Upper Estuary 24                0 12                 26                    9                 71            

Total 159              0 13                39                 23                41                    82               3 2 362          

July Lower Estuary 104              0 57                233              55                    449          
Middle Estuary 426              0 42                62                102                  18               650          
Upper Estuary 166              0 3                   42                    211          

Total 696              0 99                3                   295              199                  18               1,310       

August Lower Estuary 1,486           0 39                10                 191              335                  9                 2,070       
Middle Estuary 67                0 1                  80                 358              135                  1                 642          
Upper Estuary 100              0 1                  34                 66                82                    1                 284          

Total 1,653           0 41                124               615              552                  11               2,996       

September Lower Estuary 1,813           0 41                392               439              1,001               1                 3,687       
Middle Estuary 140              0 26                 175              632                  12               985          
Upper Estuary 7                  0 7                  2                      16            

Total 1,960           0 41                418               621              1,635               13               4,688       

Lower Estuary 487              0 1                  15                620                  40               1,163       
Middle Estuary 161              0 1                  57                78                    297          
Upper Estuary 10                0 1                  66                220                  297          

Total 658              0 3                  138              918                  40               1,757       

Overall Total 5,126           0 197              584               1,692           3,345               164             3                 2              11,113     

October & 
November

Species
2002 Sampling 

Events Estuary Section

 



Table 3.4  Fish species, and numbers of individuals captured in the Gualala estuary in 2003 by sampling month and estuary section.

Steelhead 
trout

Coho 
Salmon

Starry 
flounder

Prickly 
sculpin

Riffle 
sculpin

Coastrange 
sculpin

Pacific 
staghorn 
sculpin

Threespine 
stickleback

Gualala 
roach

Pacific 
herring Lamprey Total 

Number

February Lower Estuary 45                7                16                  1                  32                 1 102             
Middle Estuary 30                2                65                  1                   98               
Upper Estuary 9                  8                    1                   18               

Total 84                9                89                  1                  34                 1 218             

May Lower Estuary 229              1               1                3              69                  41                158               502             
Middle Estuary 3                  23                  6                   32               
Upper Estuary 1                  1                 

Total 233              1               1                3              92                  41                164               535             

June Lower Estuary 210              3                72                876               1                1,162          
Middle Estuary 23                3                  3                   23             52               
Upper Estuary 109              1               1              5                    70                26                 45             257             

Total 342              3                1               1              5                    145              905               68             1                1,471          

July Lower Estuary 202              1                64                18                 285             
Middle Estuary 317              12             5                  82                 416             
Upper Estuary 101              6               100               180           387             

Total 620              1                18             69                200               180           1,088          

August Lower Estuary 182              16              1               418                5                  9,535            2               10,159        
Middle Estuary 72                5                    9                   86               
Upper Estuary 266              13             16                  608               3               906             

Total 520              16              14             439                5                  10,152          5               11,151        

September Lower Estuary 387              8                2               130                1                  8,353            24             8,905          
Middle Estuary 52                1                16                  2,909            2,978          
Upper Estuary 501              2               24                  3,707            110           4,344          

Total 940              9                4               170                1                  14,969          134           16,227        

October Lower Estuary 1,076           2                2               1              344                8,060            1               9,486          
Middle Estuary 496              4                26                  1,000            1               1,527          
Upper Estuary 157              2                343           20                  5,850            92             6,464          

Total 1,729           8                345           1              390                14,910          94             17,477        
Overall Total 4,468           1               47              382           5              1,185             262              41,334          481           1                48,167        

Species
2003 

Sampling 
Events

Estuary Section
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associated filamentous algae that was abundant in the catch.  In addition, more hauls were 

completed in the upper section in 2003, than in 2002, which also increased the threespine 

stickleback catch over that from 2002. 

 

Non-Salmonid Fish Species, 2002-2003 Overall Results  

 

The following section presents a brief analysis of selected fish population data of the 

more abundant species collected in the estuary in 2002 and 2003.    

 

Threespine stickleback (Gasterosteus aculeatus) 

 

Threespine stickleback were abundant throughout the estuary, especially in areas with 

submerged vegetation and filamentous algae.  This species was substantially more 

abundant in the catch in 2003 than in 2002, likely a result of increased sampling in 

riverine habitat in 2003 (see Tables 3.3 and 3.4).  However, during both years, 

stickleback occurred in the greatest numbers in the lower estuary.  In general, stickleback 

abundance was greatest from August through October.  Length-frequency analyses show 

that adults and juveniles were found together throughout the estuary during this time 

period in both 2002 and 2003 (Appendix C-1).         

 

In both 2002 and 2003, young-of-the-year (YOY) stickleback began appearing in the 

catch as early as July, with continued breeding through October.  YOY stickleback were 

also present in the catch during the February 2003 sampling effort in the lower estuary, 

indicating a possible bi-modal breeding pattern in the estuary.   

 

Pacific staghorn sculpin (Leptocottus armatus) 

 

Pacific staghorn sculpin were substantially more abundant in the estuary in 2002 than in 

2003 (see Tables 3.3 and 3.4).  Length-frequency analyses for both sampling years 

indicate that all Pacific staghorn sculpin captured were juveniles, with the majority 
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ranging in size from about 25 to 65 mm (fork length) (Appendix C-2).  This species was 

captured throughout the estuary during most sampling events, but were most abundant in 

the lower and middle estuary.  Young-of-the-year Pacific staghorn sculpin began to 

appear in the catch in June of both years.  In 2003, sampling conducted after estuary 

closure (July through October) yielded increasingly lower numbers of fish.   

 

Starry flounder (Platichthys stellatus) 

 

As with Pacific staghorn sculpin, starry flounder were substantially more abundant in the 

estuary in 2002 than in 2003 (see Tables 3.3 and 3.4).  Starry flounder were captured 

during most sampling events in both years, with the greatest numbers occurring in the 

lower and middle estuary.  The greatest numbers of flounder were collected in July 2002, 

with lower numbers of individuals captured through the remainder of the season.  In 

2003, starry flounder comprised a small percentage of the catch, with the highest 

numbers occurring in the August hauls.  Length-frequency analyses for sampling years 

indicate that the majority of the fish captured were juveniles (generally less than 160 mm 

in length) (Appendix C-3).  Small numbers of young-of-the-year flounder began to 

appear in the catch during the June sampling event in both years.  

 

Coastrange sculpin (Cottus aleuticus) 

 

Coastrange sculpin were more abundant in the estuary in 2003 than in 2002 (see Tables 

3.3 and 3.4).  This species was captured throughout the estuary in both years and during 

most sampling events, but were most abundant in the lower and middle estuary.  Length-

frequency analyses for the two sampling years indicate that the majority of the fish 

captured were juveniles (Appendix C-4).  The highest numbers of coast range sculpin 

were captured during the August and September sampling events in 2002, and during the 

August through October sampling events in 2003.    
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Gualala roach (Lavinia symmetricus parvipinnis) 

 

Gualala roach is a subspecies of the California roach and is found primarily in the 

Gualala River system.  Gualala roach were more abundant in the catch in 2003 than in 

2002 (see Tables 3.3 and 3.4), at least partially due to increased sampling effort in 

riverine habitat.  This species was captured during most sampling events throughout the 

estuary; however, the highest numbers consistently occurred in the middle and upper 

estuary, especially in areas with aquatic and riparian vegetation.  Gualala roach were 

conspicuously absent from the catch during the February and May, 2003 sampling events.  

Young-of-the-year roach first appeared during the July sampling event in 2003, but were 

not present during 2002 sampling events.  Length-frequency analysis indicates that 

multiple year classes were present in the estuary (Appendix C-5). 

 

3.3.2.2  Steelhead Population Estimates 

 

Distribution and Abundance 

 

The total number of steelhead captured during each year was relatively similar; 5,126 fish 

in 2002, and 4,468 fish in 2003 (Table 3.5).  Steelhead comprised 46.1% of the catch in 

2002, and only 9.3% of the catch in 2003 (see Figure 3.3).  The low percentage of 

steelhead to total catch in 2003 was due to the extremely large numbers of stickleback 

collected in that year.  Steelhead were captured within all three-estuary sections 

throughout both sampling years.  During most sampling events in both years, the majority 

of steelhead were collected in the lower and middle estuary sections (see Tables 3.3 and 

3.4).   

 

Annual differences in steelhead catch reflect annual (and seasonal) variation in several 

biological and physical factors.  Other than biological variation (e.g., numbers of adult 

spawners, spawner-recruitment functions, age class specific mortality), the amount and 

quality of physical habitat directly affects the number of steelhead that are available to  



2002
Sampling Length Range Number Percent Length Range Number Percent Total

Events Date(s) (mm) Caught Caught (mm) Caught Caught No.
1 June 19-20 29 - 79 118 74.2 81 - 182 41 25.8 159

2 July 10-12 41 - 84 475 68.2 85 - 188 221 31.8 696

3 August 1-2 37 - 84 145 17.7 85 - 206 675 82.3 820

4 August 12-13 49 - 89 191 22.9 90 - 194 642 77.1 833

5 September 4-6 51 - 89 150 13.2 90 - 198 985 86.8 1,135

6 September 26-27 71 - 99 76 9.2 100 - 234 749 90.8 825

7 October 21-22 77 - 104 33 12.0 107 - 214 242 88.0 275

8 October 24 77 - 104 54 14.5 105 - 208 318 85.5 372

9 November 26 0 - 104 0 0.0 139 - 212 11 100.0 11
Total 1,242 3,884 5,126

2003
Sampling Length Range Number Percent Length Range Number Percent Total

Events Date(s) (mm) Caught Caught (mm) Caught Caught No.

10 February 18-19 51 - 104 33 39.3 107 - 230 51 60.7 84

11 May 19-20 32 - 79 62 26.6 80 - 137 171 73.4 233

12 June 17-18 26 - 84 272 79.5 85 - 138 70 20.5 342

13 July 22-23 51 - 84 142 22.9 85 - 161 478 77.1 620

14 August 21-23 67 - 89 60 11.5 90 - 198 460 88.5 520

15 September 23-24 73 - 99 201 21.4 100 - 203 739 78.6 940

16 October 27-28 82 - 104 44 4.0 105 - 221 1,064 96.0 1,108

17 October 30 86 - 104 27 4.3 105 - 238 594 95.7 621
Total 841 3,627 4,468

Table 3.5 Steelhead number, length range, and percent by age class for each sampling event in the Gualala estuary from June 
through November 2002, and from February through October 2003.

Age 0+ Age 1+ and Older

Age 0+ Age 1+ and Older
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rear in the estuary.  The condition of the estuary (i.e., open vs. closed) during the late 

spring/early summer outmigration period can have a major impact on the estuarine 

population.  If given the opportunity (i.e., open estuary conditions), smolt steelhead will 

voluntarily outmigrate from the estuary to the ocean.  This is in contrast to large breach 

events, as occurred in 2003, when the estuary at bankfull level breached, causing a drop 

in surface water elevation of close to 10 feet.  A breach of this magnitude likely causes 

many juvenile steelhead, as well as other fish species and aquatic organisms, which may 

not be fully ready to enter seawater to be flushed from their refugia. 

 

Age and Growth 

 

Length-frequency histograms bimodal peaks indicate the presence of age 0+ and age 1+ 

and older steelhead age classes in 2002.  The 2003 data do not have a distinctive bimodal 

trend; however, the length ranges indicate that multiple year classes of steelhead were 

also collected throughout 2003.  Length-frequency histograms are provided separately by 

month and year for each of the three estuary sections (Appendix C-6).  With the 

exception of June and July 2002, and June 2003, age 1+ and older fish dominated the 

catch (see Table 3.5).  The data also indicate that the majority of steelhead captured in the 

lower and middle estuary were age 1+ and older, while age 0+ fish were collected in 

similar numbers in all three-estuary sections, though in greater abundance in the upper 

estuary during spring (Table 3.6).  Young-of-the-year (YOY) steelhead first appeared in 

the catch during the June sampling event in 2002, and during the May sampling effort in 

2003.  Growth of juvenile steelhead in the estuary is illustrated by the monthly length-

frequency histographs for each sampling year.   
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Table 3.6.    Distribution of age 0+ and age 1+ and older steelhead by estuary section for 
2002 and 2003.  

 

Estuary Section Year Number of Steelhead  Total No. 
  Age 0+ Age 1+ and older   

  Lower Estuary 2002 387 3584 3971 
 2003 303 2028 2331 
 Total 690 5612 6302 
     
  Middle Estuary 2002 570 278 848 
 2003 161 832 993 
 Total 731 1110 1841 
     
  Upper Estuary 2002 285 22 307 
 2003 377 767 1144 
  Total 662 789 1451 
 
 

General Condition of Steelhead in the Gualala Estuary 

 

Steelhead condition factor was determined for all fish collected during each sampling 

event in 2002 (Table 3.7) and 2003 (Table 3.8).    The condition factor of each fish was 

calculated using the following formula: 

   

  Condition Factor =  Length³   

        Weight x 100,000 

 

where length is measured in mm, weight is measured in grams, 100,000 is a unit 

conversion factor, and condition factor is dimensionless.  In general, the closer the ratio is 

to 1.0, the healthier the fish.   The mean condition factor for all fish collected in both 

2002 and 2003, regardless of capture location or age class, was about 1.1.  However, the 

range of condition factor values was generally greater during each sampling event in 

2002, than in 2003. This may suggest slightly more stressful conditions during transient 

periods in 2002 (i.e., short periods of warm water temperature), than were observed in 

2003. 



Minimum Maximum
June, 2002 Lower Estuary 1.1 38 0.9 1.4

Middle Estuary 1.1 3 1.1 1.2
Upper Estuary a 0 − −

July, 2002 Lower Estuary 1.2 98 0.7 1.5
Middle Estuary 1.1 122 0.6 1.7
Upper Estuary 1.4 1 1.4 1.4

August, 2002 Lower Estuary 1.1 1306 0.7 1.9
Middle Estuary 1.0 3 0.9 1.1
Upper Estuary 1.1 8 0.7 1.2

September, 2002 Lower Estuary 1.1 1672 0.6 2.2
Middle Estuary 1.2 56 0.9 1.5
Upper Estuary 1.2 6 1.0 1.3

October, 2002 Lower Estuary 1.1 468 0.9 1.3
Middle Estuary 1.2 85 1.1 1.8
Upper Estuary 1.2 7 1.1 1.3

November, 2002 Lower Estuary 1.0 2 1.0 1.1
Middle Estuary 1.1 9 0.9 1.3
Upper Estuary a 0 − −

a = No age 1+ or older fish were collected from this estuary section during this sampling event

Table 3.7 Steelhead mean condition factor by month and estuary section for age 1+ and older fish captured in 2002.

Condition Factor Range2002 Sampling 
Events Estuary Section

Mean Condition 
Factor Number Caught



Minimum Maximum

February, 2003 Lower Estuary 1.0 44 0.9 1.1
Middle Estuary 1.0 5 0.9 1.1
Upper Estuary 1.0 2 1.0 1.0

May, 2003 Lower Estuary 1.1 168 0.8 1.3
Middle Estuary 0.8 2 0.7 0.9
Upper Estuary 1.1 1 1.1 1.1

June, 2003 Lower Estuary 1.1 67 0.9 1.5
Middle Estuary a 0 − −
Upper Estuary 1.0 3 1 1.1

July, 2003 Lower Estuary 1.1 166 0.8 1.2
Middle Estuary 1.1 260 0.7 1.5
Upper Estuary 1.1 52 1.0 1.3

August, 2003 Lower Estuary 1.1 178 0.9 1.3
Middle Estuary 1.1 57 0.7 1.3
Upper Estuary 1.0 225 0.7 1.4

September, 2003 Lower Estuary 1.0 353 0.8 1.4
Middle Estuary 1.1 47 1.0 1.3
Upper Estuary 1.1 339 0.7 1.4

October, 2003 Lower Estuary 1.1 1052 0.5 1.5
Middle Estuary 1.1 461 0.8 1.4
Upper Estuary 1.0 145 1.0 1.3

a = No age 1+ or older fish were collected from this estuary section during this sampling event

Table 3.8   Steelhead mean condition factor by sampling event and estuary section for age 1+ and older fish captured in 2003.

Estuary Section
2003 Sampling 

Events
Condition Factor Range

Number Caught
Mean Condition 

Factor
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Population Estimates 

 

Two different population estimators, Peterson-Schnabel and Jolly-Seber, were used to 

estimate the steelhead population in the Gualala estuary in 2002 and 2003.  The Peterson-

Schnabel method assumes that the estuary is closed during the sampling period, while the 

Jolly-Seber method assumes an open system during the sampling period and includes all 

marked fish that are re-captured on subsequent sampling events.  Population estimates for 

each method were calculated following the last sampling event of the year.   

 

The Petersen-Schnabel method uses fish re-capture data in conjunction with the overall 

sampling results to estimate population size.  All steelhead 80 mm or larger (age 1+ and 

older) were marked with a freeze brand or fin clipped each sampling event to allow for 

identification of re-captured fish in subsequent sampling efforts.  A summary of the 

number of age 1+ steelhead captured and marked, and the numbers of fish re-captured 

during each sampling event is provided in Table 3.9.   

 

The estuary remained closed throughout the 2002 sampling period; however, in 2003 the 

estuary was open during the first three sampling events.  Consequently, the February, 

May, and June sampling data were not included in the 2003 population estimate.  The 

resulting Petersen-Schnabel overall population estimates for steelhead in the Gualala 

estuary during 2002 and 2003 are provided in Appendix C.  Petersen-Schnabel 

population estimates for age 1+ and older steelhead generally ranged from 9,704 to 

11,731 in 2002, and from 39,652 to 42,702 in 2003 (Table 3.10).   

 

Differences between 2002 and 2003 in the apparent annual steelhead population 

estimates are most likely due to the violation of the assumption of a closed estuarine 

system in 2003.  Although large numbers of juveniles were collected during the sample 

events in spring 2003, very few were subsequent recaptured, likely due to their 

emigration from the estuary (open estuary conditions were present through July).  This  



2002 Sampling Events 
Event 

Number

No. of Age 1+ and 
Older Steelhead 

Collected

No. of Age 1+ and Older 
Steelhead Given a 
Traceable Mark 1 2 3 4 5 6 7 8 9

June 19-20 1 41 41 −

July 10-12 2 221 213 8 0

August 1-2 3 675 664 3 4 4

August 12-13 4 642 554 10 18 54 6

September 4-6 5 985 803 5 24 65 76 8

September 25-27 6 749 543 0 11 43 58 80 13

October 21-22 7 242 169 2 5 14 19 16 16 1

October 24 8 318 0 0 2 7 29 30 24 34 0

November 26-27 9 11 0 0 0 1 0 0 0 0 0 0
Total 3,884 2,987 28 64 188 188 134 53 35 0 0

               

2003 Sampling Events 
Event 

Number

No. of Age 1+ and 
Older Steelhead 

Collected

No. of Age 1+ and Older 
Steelhead Given a 
Traceable Mark 10a 11 12 13 14 15 16 17

February 18-19 10 51 46 4b

May 19-20 11 171 171 0 0
June 17-18 12 70 70 0 0 0
July 22-23 13 478 476 0 0 0 2b

August 21-23 14 460 457 0 0 0 1 0
September 23-24 15 739 727 0 0 0 0 7 2b

October 27-28 16 1,064 994 0 5 7 2 2 40 11b

October 30 17 594 0 0 4 1 0 0 9 28 na
Total 3,627 2,941 4 9 8 5 9 51 39 na

a sample event 10 recaptures were minimal due to estuary breach event (i.e., breach occurred after week 10)
b recaptured from same sampling event 
na - not applicable (no traceable marks given during sampling event 17)

Recaptured from Sampling Event 

Table 3.9  Summary of age 1+  steelhead collected, branded, and recaptured per sampling event within the Gualala estuary from June through November 2002, and from February 
through October 2003.

Recaptured from Sampling Event 

 



Table 3.10  Age 1+ and older steelhead population estimates for the Gualala estuary for 2002 and 2003, using the Petersen-Schnabel Method.

2002 Sampling Events
Sampling 

Event Captured
Mt (Marked 
fish at large) R CtMt MtRt CtM

2
t R2

tCt N s2
s 95% CI

June 19-20 1 159.0
July 10-11 2 696.0 41.0 8.0 2.9E+04 3.3E+02 1.2E+06 4.5E+04 3170.7 44543.9 211.1 2.4
August 1-2 3 820.0 280.0 7.0 2.3E+05 2.0E+03 6.4E+07 4.0E+04 28700.0 20090.0 141.7 69.3
August 12-13 4 833.0 965.0 82.0 8.0E+05 7.9E+04 7.8E+08 5.6E+06 9684.9 1867028.0 1366.4 3.0
September 4-6 5 1135.0 1607.0 170.0 1.8E+06 2.7E+05 2.9E+09 3.3E+07 10666.3 8200368.6 2863.6 1.7
September 25-27 6 825.0 2510.0 192.0 2.1E+06 4.8E+05 5.2E+09 3.0E+07 10729.3 6082551.1 2466.3 2.2
October 21-22 7 275.0 3114.0 72.0 8.6E+05 2.2E+05 2.7E+09 1.4E+06 11730.8 237596.9 487.4 12.4
October 24 8 372.0 3313.0 126.0 1.2E+06 4.2E+05 4.1E+09 5.9E+06 9704.2 843689.9 918.5 5.6
November 26-27 9 11.0 3313.0 1.0 3.6E+04 3.3E+03 1.2E+08 1.1E+01 18221.5 1.4 1.2 8234.3

2003 Sampling Events
Sampling 

Event Captured
Mt (Marked 
fish at large) R CtMt MtRt CtM

2
t R2

tCt N s2
s 95% CI

July 22-23 13 478.0
August 21-23 14 460.0 478.0 1.0 2.2E+05 4.8E+02 1.1E+08 4.6E+02 109940.0 460.0 21.4 811.8
September 23-24 15 739.0 938.0 7.0 6.9E+05 6.6E+03 6.5E+08 3.6E+04 86647.8 36210.9 190.3 72.1
October 27-28 16 1064.0 1677.0 44.0 1.8E+06 7.4E+04 3.0E+09 2.1E+06 39651.7 2059902.2 1435.2 4.4
October 30 17 592.0 2741.0 37.0 1.6E+06 1.0E+05 4.4E+09 8.1E+05 42701.9 810445.7 900.2 7.5

Mt = total # fish marked @ large
Ct= total sample taken day t
Rt = recaptures for day t
N = Pop Est.
s = standard deviation
s2 = sample variance
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results in a biased, elevated population estimate.  In addition, there are several factors 

affecting estuarine population estimates that we cannot address because of the lack of 

available data, including the annual adult escapement, size of the annual spawning 

population, annual spawning success, success of hatch, age class specific survival, other 

watershed-wide movement patterns, and other population dynamics.  These “upper 

watershed” factors were not the focus or objective of the current study.   

 

All sampling data collected in 2002 and 2003 were used in calculating the Jolly-Seber 

annual population estimates.  The Jolly-Seber overall population estimate of steelhead in 

the Gualala estuary is provided in Appendix C.  Population estimates for age 1+ and older 

steelhead ranged from 2,389 to 9,496 in 2002, and from 9,994 to 28,814 in 2003 (Table 

3.11).  Reasons for the differences in Jolly-Seber population estimates are similar to those 

given above for the Petersen-Schnabel estimator, although a closed system is not an 

assumption for the Jolly-Seber estimator.  For this reason, it is likely that the true 

population estimates are more likely reflected in the ranges given by the Jolly-Seber 

estimates. 

 

Carrying Capacity 
 
It is uncertain whether the estuary is at its full carrying capacity with regards to rearing. 

Bathymetry appears unchanged since the early part of the twentieth century, and so it is 

doubtful that estuarine conditions have worsened substantially since that point in time. 

However, in relation to the overall population of salmonids in the Gualala river system, it 

is clear that the estuary is not the limiting factor to production. It is more likely that 

degraded habitat conditions upstream are limiting production of steelhead, and thus the 

numbers of young steelhead that are available to utilize the estuary.  This is at least 

partially supported by the relatively high proportion of young of the year (YOY) 

steelhead present in the estuary. Normally, the majority of YOY (other than the initial 

downstream dispersal of fry) will remain in their natal tributaries, at least until fall 

freshets, which tend to initiate outmigration.  In the absence of high quality rearing  



Table 3.11  Age 1+ and older steelhead population estimates for the Gualala estuary for 2002 and 2003, using the Jolly-Seber Method.

2002 Sampling 
Events

Sampling 
Event (t) Captured mt ut nt st Rt Zt α Mt Nt φt λt

June 19-20 1 41 0 41 41 41 28 na 0.02 0.0 na 1.9 na
July 10-11 2 221 8 213 221 221 64 20 0.04 76 1,882.3 1.0 12.987869
August 1-2 3 675 7 668 675 675 184 77 0.01 288 24,366.6 0.7 0.3040607
August 12-13 4 642 82 560 642 642 182 179 0.13 711 5,507.7 1.3 1.3305726
September 4-6 5 985 170 815 985 981 126 191 0.17 1647 9,496.0 1.0 1.0062504
September 25-27 6 749 192 557 749 748 40 125 0.26 2476 9,620.0 0.2 1.0491029
October 21-22 7 242 72 170 242 242 34 93 0.30 718 2,389.0 0.5 0.9333155
October 24 8 318 126 192 318 318 0 1 0.40 445 1,117.8 na na
November 26-27 9 11 1 10 11 11 na na na na na na na

2003 Sampling 
Events

Sampling 
Event (t) Captured mt ut nt st Rt Zt α Mt Nt φt λt

July 22-23 13 478 0 478 478 476 3 17 0.002 2,027 971,052.8 0.35 0.59
August 22-23 14 460 1 459 460 455 9 19 0.004 867 199,935.7 0.24 0.61
September 23-24 15 739 7 732 739 724 49 21 0.011 312 28,813.8 0.52 0.67
October 27-28 16 1,064 56 1,008 1,064 991 28 14 0.054 535 9,994.1 na na
October 30 17 594 42 552 594 0 na na na na na na na

mt = # of marked fish caught in sample t
ut = # of unmarked fish caught in sample t
nt = total # of fish caught in sample t  (nt = mt + ut)
st = # of fish released after sample t (nt - # of accidental deaths)
Rt = # of st fish released at sample t and caught again in some later sample (refer to "Method Table B" below for calculation)
Zt = # of fish marked before sample t, not caught in sample t, but caught in some sample after t (refer to "Method Table B" below for calculation)
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conditions within those natal tributaries, the remaining rearing habitat is limited primarily 

to the estuary. The fact that the Gualala estuary is typically a closed, freshwater system - 

unlike many other north coast estuaries, including the Noyo, Little, Navarro, and Garcia 

Rivers - makes the Gualala estuary a suitable place for YOY to rear.  Survival of 

outmigrants is a function of their size at outmigration.  Survival of age 1+ and older 

outmigrant steelhead (to adult stage) is much greater than that for YOY outmigrants, 

except when YOY have had a chance to rear in the highly productive conditions present 

in the Gualala estuary. 

 

3.3.2.3 Steelhead Abundance By Age Class 

 

For analytical purposes, steelhead catch data was separated according to age class: YOY 

versus age 1+ and older fish.  The following section discusses the results of fish sampling 

efforts by year and age class during the spring (May-June), summer (July-August), and 

fall (September-October).   Total number of steelhead captured and mean number of 

steelhead captured per haul, are provided relative to distribution (by river mile) within the 

estuary.  Due to differences in water year type and associated water quality parameters 

within the estuary in 2002 and 2003 (closed versus open estuary, respectively), sampling 

results are also discussed in relation to changes in seasonal habitat conditions.  The two 

years of sampling occurred in two very different water year types, with the estuary being 

closed prior to sampling in 2002, and remaining open in 2003 through mid-July.       

 

Total Number of Steelhead Captured by Year 

 

Age 0+ steelhead 

 

During the spring 2002 sampling events, YOY steelhead were captured in relatively low 

numbers throughout the estuary (see Figure 3.4).  In 2003 (open estuary), YOY were also 

distributed throughout the estuary; however, the highest numbers of YOY steelhead were 

captured in the lower portion of the middle estuary (see Figure 3.4).The increased  



Figure 3.4 Total number of YOY steelhead captured by season from all hauls within 
each distance category, Gualala estuary.
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number of steelhead in the lower part of the estuary is likely associated with the higher 

outflows in spring 2003, which tended to push fish lower in the estuary.   

 

In the summer of 2002, the highest number of YOY were captured in the upper estuary, 

with smaller numbers occurring in the lower to middle estuary.  The high numbers of 

YOY in the upper estuary was likely due to the seasonal reduction of rearing habitat in 

smaller tributary streams.  In contrast, YOY steelhead that were concentrated in the lower 

middle estuary in the spring of 2003, had dispersed and by the summer sampling were 

distributed in similar abundance throughout the estuary.  The dispersal was likely a result 

of the estuary closing in early July, which created similar water quality and associated 

habitat conditions throughout the entire estuary. 

 

During the fall sampling events for both 2002 and 2003, YOY steelhead were captured 

throughout the estuary, again with the highest numbers occurring in the upper estuary.  

Riverine conditions in the upper estuary favor the presence of YOY pre-smolt steelhead 

relative to the more saline conditions present in the lower estuary.  YOY steelhead in the 

upper estuary were observed to be brightly colored, retaining parr marks and native 

rainbow trout coloration typical of resident (stream dwelling) rainbow trout.  In contrast, 

most fish collected from the lower estuary were in the process of smoltification, and were 

generally bright silver in color.  Smoltification is the physiological process by which 

juvenile anadromous salmonids (including steelhead and coho salmon) prepare to enter 

the salt-water environment after spending their early life history in freshwater.  Factors 

that may affect the onset of smoltification include changes in water chemistry, water 

temperature, and photoperiod (day length).   

 

Age 1+ and older steelhead  

 

During the spring of 2002, age 1+ and older steelhead were captured (albeit in low 

abundance) throughout the lower to middle estuary  (see Figure 3.5).  This is likely a 

result of the closed estuary conditions, which precluded outmigration from the estuary.  
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In contrast, the open estuary conditions in the spring of 2003 allowed for passage of 

smolt steelhead out of the estuary over an extended period of time.  As a result, fish were 

actively migrating out of the system and were not captured in large numbers at any 

location. The highest numbers of fish were collected in the lower middle estuary (see 

Figure 3.5).     

 

The steelhead smoltification process is driven by a number of factors, sometimes 

competing, including water temperature, photoperiod, streamflow, and any number of 

“stressor” variables (e.g., loss of habitat, exposure to adverse water quality conditions, 

exposure to toxic substances).  In the current context, many of the steelhead that were 

captured in the lower and middle estuary were observed to be undergoing smoltification, 

as evidenced by their silvery color and deciduous scales.  When the opportunity arises 

(breached estuary), they actively outmigrate to the ocean.   

 

In the summer of 2002, the highest number of age 1+ and older steelhead were captured 

in the lower to lower-middle estuary.  Few fish age 1+ and older were captured at other 

locations within the estuary.  Steelhead were concentrated in the lower estuary where 

conditions were appropriate for smoltification to occur.  In summer 2003, age 1+ and 

older steelhead, which were concentrated in the lower estuary in the spring, had become 

more abundant throughout the estuary.  This re-distribution was likely a result of the 

estuary closing in early July, which created similar water quality and associated habitat 

conditions throughout the entire estuary.   

 

During the fall sampling events for both 2002 and 2003, age 1+ and older steelhead were 

captured throughout the estuary, with the highest numbers occurring in the lower to 

lower-middle estuary.  In 2002, few fish were captured in the upper estuary.  However, in 

2003, steelhead were also captured in relatively high numbers in the upper estuary, likely 

due to the improved water quality conditions present in 2003 relative to water quality 

parameters in 2002.             

 



Figure 3.5 Total number of one year and older steelhead captured by season from all 
hauls within each distance category, Gualala estuary.
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Mean Number of Steelhead Captured per Haul 

 

Age 0+ steelhead             

 

In 2002 during closed estuary conditions, YOY steelhead were generally concentrated in 

the upper estuary.  The mean number of YOY steelhead captured per haul was highest in 

the upper estuary during all sampling periods, with the highest number of fish captured 

during the summer sampling events (Figure 3.6).   

 

In 2003, the distribution of YOY steelhead varied relative to water quality conditions 

associated with both open and closed estuary environments.  During the spring sampling 

period when the estuary was open, the mean number of YOY steelhead captured per haul 

was highest in the lower and upper sections of the estuary.  At the beginning of the 

summer sampling period the estuary closed (early July).  During this time period, YOY 

fish were most abundant in the middle and upper estuary; with the highest mean number 

of steelhead captured per haul occurring in the upper estuary.  By the fall sampling 

period, virtually all of the YOY fish were captured in the upper estuary (Figure 3.7).  

During the single sampling event conducted in February, YOY steelhead were captured 

in both the middle and upper estuary, with the highest mean number of fish per haul 

occurring in the upper estuary.    

 

Age 1+ and older steelhead 

 

Throughout the 2002 sampling season, the mean number of age 1+ and older steelhead 

per haul was highest in the lower and middle estuary sections.  In the spring, only a small 

number of fish were captured per haul.  During the summer and fall sampling events, the 

mean number of fish captured per haul increased substantially, with the highest number 

occurring in the lower estuary (Figure 3.8). 

 
 
 



Figure 3.6  Mean number of YOY steelhead captured per haul during spring, summer, and fall 2002, Gualala estuary.
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Figure 3.7 Mean number of YOY steelhead captured per haul during 2003, Gualala estuary.
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Figure 3.8  Mean number per haul of one year & older steelhead captured during 2002, Gualala estuary.
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In the spring of 2003 (open estuary), the majority of the age 1+ and older steelhead were 

captured in the middle estuary, with the highest mean number of fish per haul occurring 

in the lower portion of the middle estuary.  During the summer and fall, age 1+ and older 

steelhead were distributed throughout the estuary (Figure 3.9).  During the summer 

sampling period (closed estuary), age 1+ and older fish were most abundant in the middle 

and upper estuary; with the highest mean number of steelhead captured per haul 

occurring in the middle estuary.  By the fall sampling period, the highest mean number of 

age 1+ and older fish captured per haul occurred in the upper estuary, followed by 

slightly lower numbers in the lower and lower middle estuary.  During the single 

sampling event conducted in February, age 1+ and older steelhead were distributed 

throughout much of the estuary.  However, as during the spring sampling events, the 

highest mean number of fish captured per haul occurred in the lower portion of the 

middle estuary.    

 

Low numbers of age 1+ and older fish were captured during spring sampling in both 

years (see Figures 3.8 and 3.9), however, the majority of this age-class was collected in 

the lower estuary.   

 

Mean Length of Steelhead Captured per Haul 

 

Age 0+ steelhead 

 

Young-of-the-year (age 0+) steelhead were distributed throughout the estuary, during all 

2002 sampling events, under closed estuary conditions.  During the spring sampling 

period, the mean lengths of YOY captured per haul generally ranged from about 60 to 67 

mm mean length (Figure 3.10), with the largest fish captured in the lower and lower-

middle estuary, and in the upper portion of the upper estuary.  This same general pattern 

continued into the summer sampling period.   The largest fish (now 70 to 77 mm mean 

length) remained in the lower and lower-middle estuary, and in the upper portion of the 

upper estuary (mile 2.00).  Between these two areas, the mean lengths of YOY steelhead  



Figure 3.9 Mean number per haul of one year & older steelhead captured during 2003, Gualala estuary.
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Figure 3.10  Mean length of YOY steelhead captured by distance category during spring, summer, and fall 2002, Gualala 
estuary.
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decreased steadily moving upstream through the estuary to a minimum mean length of 62 

mm at mile 1.50 in the upper estuary.  By the fall sampling period, all of the largest YOY 

fish (now 100 mm mean length) were captured in the upper estuary at mile 1.50, where 

the smallest mean length fish were captured during the summer sampling events.  The 

mean length of YOY steelhead captured at other locations in the estuary generally ranged 

from 80 to 88 mm mean length.  In 2002, the highest mean number of YOY captured per 

haul occurred in the upper estuary during all three sampling periods. 

 

As in 2002, YOY steelhead were distributed throughout the estuary during all sampling 

periods in 2003.  During the spring sampling period when the estuary was open, the mean 

length of YOY steelhead was highest in the lower estuary (about 75 mm) (Figure 3.11).  

Mean lengths of YOY fish captured per haul were lower (ranging from about 60 to 67 

mm) at other stations within the estuary.  After the estuary had closed in early July, 

summer sampling efforts showed that the largest fish (81 to 84 mm mean length) were 

distributed throughout the estuary.  Smaller fish (about 72 mm mean length), moving 

downstream from upstream spawning locations, were captured at stations higher in the 

estuary (mile 3.50).  During the fall sampling events, the largest fish (100 mm mean 

length) were captured in the lower estuary.  Sampling conducted upstream of the lower  

estuary, showed that mean lengths of fish captured steadily decreased with increasing 

distance from the mouth.     

 

During the single event sampling effort conducted in February, steelhead were captured 

throughout the estuary, with the largest fish (about 87 mm mean length) occurring in the 

lower estuary.  Fish captured elsewhere in the estuary ranged in size from 58 to 72 mm 

mean length).  These fish were part of the 2002 cohort, and their small size was likely 

due to slower growth rates in cooler upstream habitats and/or late spawning efforts.     

 



Figure 3.11  Mean length of YOY steelhead captured by distance category during spring, summer, and fall 2003, Gualala 
estuary.
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Age 1+ and older steelhead 

 

One-year and older steelhead were distributed throughout the estuary, during all 2002 

sampling events under open estuary conditions.  During the spring sampling period, the 

mean lengths of age 1+ and older fish captured per haul generally ranged from about 92 

to 103 mm mean length (Figure 3.12), with the largest fish captured in the lower estuary.  

As expected, the smallest fish were captured high in the upper estuary (mile 3.50).  

During the summer sampling period (following the estuary closure in early July), larger 

fish (105 to 110 mm mean length) were relatively evenly distributed throughout the 

estuary; however, the largest fish were still in the lower and lower-middle estuary.  By 

the fall sampling period, the largest fish (141 to 146 mm mean length) had moved 

upstream to the area around Mill Bend. The smallest fish were again captured in the 

upper estuary. 

 

During the single event sampling effort conducted in February 2003, steelhead were 

captured throughout the estuary (Figure 3.13), with the largest fish (about 210 mm mean 

length) occurring in the upper estuary at mile 1.50.  Slightly smaller fish were captured 

throughout the lower and middle estuary, with the smallest fish (about 110 mm mean 

length) occurring at higher locations in the upper estuary.  These smaller fish were likely 

part of the 2002 cohort, and their small size was likely due to slower growth rates in 

cooler upstream habitats and/or late spawning efforts.     

 

In 2003, the highest mean number of age 1+ and older fish captured per haul generally 

occurred in the lower estuary during all four sampling periods. 

 

Stomach Analyses 

 

Despite careful handling procedures, some steelhead mortalities occurred as a result of 

processing and fish marking efforts.  Stomach analyses were conducted on all steelhead 

mortalities to obtain baseline information on the types of prey items being consumed.  



Figure 3.12  Mean length per haul of one year & older steelhead captured during 2002, Gualala estuary.
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Figure 3.13  Mean length of of one year & older steelhead captured by distance category during spring, summer, and fall 2003, 
Gualala estuary.
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When possible, prey species were also categorized by age class.  The taxa were divided 

into three groups: insect (including terrestrial or aquatic adults), zooplankton 

(Amphipoda and Isopoda), and non-insect taxa (mites, mollusks, nematodes, and 

Oligochaetes).   

 

Fish mortalities were not separated according to the estuary section in which they were 

collected; however, prey species identified in the stomach contents of individual 

steelhead often provided anecdotal information on feeding location within the estuary.  A 

summary of the dietary components (by percent) of age 0+, 1+, and 2+ and older 

steelhead is provided in Table 3.12.  Zooplankton (Gnorimosphaeroma sp., Corophium 

sp., and Ramellogammarus sp.) was one of the most abundant prey items found in the 

stomachs of age 0+ and age 1+ steelhead.  Many of the steelhead contained both insect 

and zooplankton taxa.  Non-insect taxa (e.g, neomysis) were the least abundant prey 

items in age 0+ and age 1+ fish, but become the most important dietary component for 

older (age 2+) age classes.  Most of the insect taxa were associated with riverine (flowing 

water) conditions in the upper estuary; however, feeding observations (during sampling 

events) and stomach analyses show that steelhead were also actively feeding on midge 

adults and emerging pupa in the middle and lower estuary.  Insect taxa consisted of adult 

ants, all life stages of midges, corixids, and thrips (Order: Thysanoptera).  It is likely that 

steelhead in the estuary feed opportunistically on a variety of prey items depending on 

seasonal availability and abundance.  In 2002, one steelhead collected in the lower 

estuary regurgitated sand lances when captured.   

 

Table 3.12.    Summary of the primary dietary components of steelhead captured in the 
Gualala estuary in 2002 and 2003 

 
 Age 0+ Age 1+ Age 2+ and older 
Percent Insect 25.5 31.3 0.0 
Percent Non-Insect 6.1 4.3 100.0 
Percent Zooplankton 68.4 64.4 0.0 

N 14 19 2 
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3.3.3 Benthic Macroinvertebrate Surveys 

 

The following section provides a brief summery of the general habitat conditions 

recorded for each of the three sections, including; riparian vegetation present, substrate 

composition, Substrate Complexity score, and Physical Habitat Quality score.  Additional 

site information and water quality data for each section is presented in Table 3.13. 

 

Substrate complexity was determined based on the combination of two habitat 

parameters, epifaunal substrate/available cover, and embeddedness.  The substrate 

complexity score (SC Score) is the sum of these two parameters determined during field 

analysis.  The range for substrate complexity is 0 to 40 with the following categories:  

 

 Category SC Score 
• Optimal 40 to 32  
• Sub-optimal 31 to 22  
• Marginal 21 to 12  
• Poor  11 to   0 

 

Microhabitat data were collected using the CDFG California Stream Bioassessment 

Procedure (CSBP) Physical/Habitat Quality form that rates a sample reach for 10 habitat 

categories.  Each category has a rating scale from 0 to 20, and ratings are summed to 

provide the total Physical Habitat Quality Score (PHQ Score).  The CSBP PHQ Score is 

similar to the EPA’s Physical Habitat Quality Score, which is used throughout the U.S.   

 

 Category PHQ Score 
• Optimal  200 to 150  
• Sub-optimal  149 to 100 
• Marginal    99 to   50  
• Poor      49 to    0 
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Site Descriptions 

 

Lower Reach - RM 0.4 to 1.1 

 

The lower reach extended from RM 0.4 to RM 1.1.  Riparian vegetation consists 

primarily of California bay, willow, ash, and alder.  Horsetail and nutsedge were also 

present along the banks.  The dominant substrates were fines (41.7%) and gravel 

(40.0%).  This section received a Substrate Complexity score 31 (sub-optimal), and a 

Physical Habitat Quality score of 140 (sub-optimal).   

 

In May 2003, BMI sampling was conducted at RM 0.8 while the estuary was breached.  

The samples were collected in riffle habitat, which had formed near the upstream end of 

the island as a result of the breach.   This site received a Substrate Complexity of 35 (sub-

optimal) and a Physical Habitat Quality score of 136 (sub-optimal).  The dominant 

substrates were gravel (50.0%) and fines (40.0%).   

 

Middle Reach - RM 1.6 to 2.0 

 

This 850 meter reach extended upstream of the Highway 1 Bridge to RM 2.0 (near 

campground).  Riparian vegetation consisted of California bay, coast redwood, Douglas 

fir, willow, alder, ash, cedar, blackberry and nutsedge.  The substrate was dominated by 

fines (41.7%) and gravel (40%).  This reach received a Substrate Below the stratified 

layer Complexity score 31 (sub-optimal) and a Physical Habitat Quality score of 140 

(sub-optimal).  

 

Upper Reach - RM 2.4 to 3.2 

 

This 967-meter reach began at the campground and extended upstream near the 

confluence with the north fork.  Riparian vegetation consists primarily of redwood,  



Table 3.13  Physical habitat and water quality data collected during benthic macroinvertebrate surveys in the lower Gualala River and Estuary, July 2002 and May 2003.

1 2 3 Mean 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

Sampling information

Sampling notes:

Three 5-m 
sweeps in 
widgeon 
grass bed

Gravel kick 
appx 6 sq. ft. 
followed by 
three sweeps

Vegetation 
sweep and 

grab @ Mill 
Bend

Date Sampled 7/11/2002 7/11/2002 7/12/2002 5/20/2003
Time Sampled 9:00 14:45
GPS 10S0456646 10S0456633 10S0456149 10S0455802 10S0455478 10S0455478 N/A N/A N/A
UTM 4292282 4292043 4291853 4291219 42921138 4290892 N/A N/A N/A

Site characteristics
Canopy cover (%) 0 35 95 43.3 15 0 2 5.7 N/A N/A N/A 0 0 0 0
Gradient (%) <1 <1 1 <1 <1 <1 <1 <1 N/A N/A N/A <1 <1 <1 <1
Transect Location (m) 31 15.0 12.0 25 20 18 N/A N/A N/A 25 29.5 37.5
Elevation (ft) 53 13
Reach Length (m) 967 850 75

Physical characteristics
Riffle Length (m) 60.0 25.0 15.0 33.3 43.0 34.0 22.0 33.0 N/A N/A N/A 71.6

Avg. Riffle Width (m) 9.0 13.5 9.4 10.6 17.0 12.3 25.0 18.1 N/A N/A N/A 37.5 36.6 37 37.0
Avg. Riffle Depth (ft) 0.28 0.27 0.3 0.3 0.52 0.55 0.72 0.6 N/A N/A N/A 1.69 1.39 1.50 1.5
Riffle Velocity (ft/s) 1.9 1.1 2.6 1.9 0.6 0.5 0 0.4 N/A N/A N/A 2.4 3.00 2.91 2.8
Substrate Complexity 31 31 31 31.0 31 31 31 31.0 N/A N/A N/A 35 35 35 35.0
Embeddedness (%) 5 5 10 6.7 10 25 35 23.3 N/A N/A N/A 5 5 5 5.0
Substrate Consolidation Low Low Low Low Low Med Med Med-Low Low Low Low Low
Specific Conductance (u s/cm) 180 260 301 0.1
Dissolved Oxygen (mg/l) 7.3 7.8 7.0 8.8
Dissolved Oxygen (%) 74.4 92.1 79.9 104.7
Water Temp (C˚) 17.3 23.2 21.5 24.6
Total Dissolved Solids (g/l) 0.138 0.175 0.209 0.0
Salinity (ppt) 0.10 0.13 0.15 0.0
Physical Habitat Quality Score 121 140 N/A 136

Substrate Composition
Fines (<0.1") 25 25 50 33.3 50 35 40 41.7 100 20 25 48.3 40 40 40 40.0
Gravel (0.1-2") 70 72.5 49 63.8 30 40 50 40.0 0 60 0 20.0 50 50 50 50.0
Cobble (2-10") 5 2.5 1 2.8 20 25 10 18.3 0 20 0 6.7 10 10 10 10.0
Boulder (>10") 0 0 0 0.0 0 0 0 0.0 0 0 75 25.0 0 0 0 0.0
Bedrock (solid) 0 0 0 0.0 0 0 0 0.0 0 0 0 0.0 0 0 0 0.0

Riparian Vegetation

Additional Notes:
*  River Mile (RM) calculated from estuary mouth.

Lower Reach: RM 0.8, May 2003Lower Reach: RM 0.4 to RM 1.14

N/A

N/A = data not taken as collection technique and site selection 
did not conform to CSBP type sampling in lower estuary site in

July 2002.

Riparian area located approximately 15 meters or 
greater from waters edge.

willow, bunchgrass, redwood, Douglas fir, ash, alder

Upper Reach: RM 2.4 to RM* 3.2 Middle Reach : RM 1.6 to RM 2.0

bay laurel, willow, alder, ash, cedar, horsetail, nutsedge
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Douglas fir, ash, and alder.  Bunchgrass was also present along the banks.  The dominant 

substrates were gravel (63.8%) and fines (33.3%).  This section received a Substrate  

Complexity score of 31 (sub-optimal), and a Physical Habitat Quality score of 121 (sub-

optimal).  

  

CSBP Metrics 

 

Benthic macroinvertebrate sampling was conducted in all three estuary reaches in July 

2002, to characterize the benthic macroinvertebrate community relative to food 

availability for juvenile steelhead.  Based on the results, species composition and 

associated biological metrics for each of the estuary sections reflected changes from a 

riverine environment in the upper estuary to a more estuarine environment in the middle 

and lower estuary.  In May 2003, while the estuary was breached, a second set of BMI 

samples were collected in the middle estuary where a riffle had formed at the top of the 

island to access if the benthic taxa had shifted toward a more riverine fauna.  The riffle 

was sampled using CSBP protocols.   

 

Table 3.14 provides a summary of the metrics specified by the CSBP for each of the 

reaches in the Gualala estuary.  However, due to the lack of CSBP defined tolerance 

values and Functional Feeding Group (FFG) designations for the dominant taxa 

(Gnorimosphaeroma sp.) in the estuary, Tolerance metrics (TV, Percent Tolerant 

Organisms, and Percent Intolerant Organisms) and the FFG metrics are not relevant.  A 

FFG designation of collector was assigned for this taxon.   

 

The estimated abundance of benthic macroinvertebrates was highest in the transitional 

section and lowest in the riverine area (Figure 3.14).  Taxa richness, Shannon Diversity 

Index and the EPT Indices were highest in the upper estuary (riverine habitat) and 

declined downstream in the estuarine environment (Figures 3.15 through 3.17).  The 

percentage of non-insect taxa is presented in Figure 3.18.  This metric shows the change 

in the BMI community that occurs between the upper reach, which is dominated by insect  



Table 3.14  Summary of the benthic macroinvertebrate metrics for the lower Gualala River and Estuary, July 2002 and May 2003.

Mean CV Total Mean CV Total Mean CV Total Mean CV Total

Estimated Abundance 1391.4 52.1 4174.2 3601.1 62.7 10803.2 1778.5 47.5 5335.6 1853.9 43.1 5561.6

Taxa Richness 38.0 14.7 69.0 16.3 12.7 34.0 10.0 148.0 19.0 9.3 16.4 15.0
Percent Dominant Taxon 23.1 29.7 13.3 85.0 10.3 85.0 69.0 13.1 55.8 64.8 13.7 65.1
EPT Taxa 14.0 31.1 27.0 4.0 86.6 10.0 0.3 1732.1 1.0 0.3 173.2 1.0
EPT Index (%) 33.3 33.1 33.2 5.1 64.7 5.1 0.3 897.4 0.3 0.2 173.2 0.2
Sensitive EPT Index 14.0 53.8 13.9 0.9 173.2 0.9 0.0 0.0 0.0 0.2 173.2 0.2

Ephemeroptera Taxa 6.0 16.7 9.0 3.0 57.7 7.0 0.3 1212.4 1.0 0.0 NA 0.0
Plecoptera Taxa 3.7 31.5 7.0 0.3 173.2 1.0 0.0 0.0 0.0 0.0 NA 0.0
Trichoptera Taxa 4.3 70.5 11.0 0.7 173.2 2.0 0.0 0.0 0.0 0.3 173.2 1.0
Dipteran Taxa 9.3 16.4 17.0 4.0 66.1 8.0 1.3 312.2 3.0 1.7 34.6 2.0
Percent Dipteran 22.9 68.5 22.6 4.6 73.5 4.6 1.5 162.3 1.4 1.1 36.7 1.1
Non-Insect Taxa 9.3 6.2 17.0 6.0 28.9 10.0 7.0 21.8 11.0 5.0 0.0 7.0
Percent Non-Insect 26.5 42.3 26.9 89.3 6.9 89.3 97.2 6.1 97.3 98.0 1.4 97.9
Percent Chironomidae 19.5 68.4 19.1 4.5 71.6 4.5 1.5 158.4 1.4 0.0 NA 0.0
Percent Hydropsychidae 0.3 173.2 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 NA 0.0
Percent Baetidae 13.7 13.9 13.7 0.6 51.5 0.6 0.3 109.9 0.3 0.0 NA 0.0

Shannon Diversity 2.8 9.7 3.2 0.8 46.6 0.8 1.1 21.6 1.4 0.8 7.3 0.9

Tolerance Value 4.1 18.5 4.0 0.7 59.3 0.7 2.6 11.4 2.5 2.7 28.4 2.7
Percent Intolerant 13.4 45.3 13.4 0.6 129.9 0.6 0.0 0.0 0.0 0.0 NA 0.0
Percent Tolerant 2.8 25.5 2.8 0.4 114.7 0.4 20.0 1.1 18.6 31.4 31.8 31.1

Percent Collectors 48.4 27.4 48.4 95.4 0.8 95.4 95.2 4.4 95.2 97.7 1.5 97.6
Percent Filterers 3.5 78.5 3.5 0.0 NA 0.0 0.5 173.2 0.5 0.0 NA 0.0
Percent Grazers 25.7 36.9 25.8 1.3 91.7 1.3 0.0 0.0 0.0 0.9 81.5 0.9
Percent Predators 18.1 16.4 18.0 2.6 49.4 2.6 4.3 81.0 4.3 0.6 79.5 1.0
Percent Shredders 1.8 103.4 1.8 0.3 173.2 0.3 0.0 0.0 0.0 0.2 173.2 0.2

CV = Coefficent of Variation
*  River Mile (RM) calculated from the estuary mouth.

Upper Reach - RM 2.4 to RM 
3.2* (2002) Middle Reach - RM 1.6 to RM 2.0 Lower Reach - RM 0.4 to RM 1.1 

(2002) Lower Reach - RM 0.8

 



Figure 3.14.   Estimated Abundance of Benthic Macroinvertebrates in the Lower 
Gualala River and Estuary, July 2002 and May 2003
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Figure 3.15.  Taxa Richness for Benthic Macroinvertebrates in the Lower Gualala 
River and Estuary, July 2002 and May 2003
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Figure 3.16.  Shannon Diversity Indices for Benthic Macroinvertebrates in the 
Lower Gualala River and Estuary, July 2002 and May 2003
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taxa, and the lower reaches, which are dominated by zooplankton taxa.  The dominant 

taxa metric in the upper reach was split among the three samples; a midge tribe 

(Tanytarsini), a mayfly (Baetis sp.) and an isopod (Gnorimosphaeroma sp.), while 

zooplankton taxa; isopod (Gnorimosphaeroma sp.) and amphipods (Corophium sp. and 

Gammarus sp. in the 2002 grab samples, Hyalella azteca in the 2003 sample) were 

dominant taxa in the middle and lower reaches (Figure 3.19).  The benthic 

macroinvertebrate community begins to shift toward a community dominated by 

estuarine organisms in the upper reach (RM 2.4) as indicated by the isopod 

(Gnorimosphaeroma sp.) was 27% of the sample.  

 

3.3.4 Seasonal Algae and Macrophytic Plant Growth/Decay 
 
The following section provides a description of algae and macrophytic plant growth and 

decay observed in the Gualala Estuary in the summer during both years of the monitoring 

period.  Most of the accounts presented below are based on the field observations and 

interpretation of Elmer Dudik, North Coast Regional Water Quality Control Board.   

 

Lower Estuary 

 

During both summers of the estuary study, large mats of algae were observed forming in 

the lower river and estuary.  Based solely on field observations, algal mat growths appear 

to consist of Cladophora, Spirogyra, Hydrodictyon, or Rhizoclonium, but are dominated 

by Cladophora, Rhizoclonium, or Spirogyra.  Extensive growths of Spirogyra were ruled 

out because growths did not display the growth-associated characteristics - typically 

large, usually slippery-slimy, mats that age yellow-brown.  Hydrodictyon typically 

requires actively flowing water and conditions in the lower estuary were more stagnant 

with diffuse flow during the summer field monitoring events.  In contrast, algal blooms 

are usually associated with massive increases in planktonic, typically unicellular to short 

stranded microalgae that discolor the water.  Algal blooms that were observed in the 

estuary may have been promoted by longer summer days providing increased solar input.   
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Extensive populations of Widgeon grass (Ruppia maritima), an aquatic, seed bearing 

flowering plant were also observed during the summer periods.  Both algae and widgeon 

grass consume dissolved oxygen (DO) during the day and produce carbon dioxide at 

night.  Flows were also reduced to the lower estuary from upstream resulting in a reduced 

input of more oxygen rich freshwater.  During the RWQCB’s September sampling event, 

the algal mats and large portions of the Widgeon grass were undergoing senescence and 

beginning to bacterially decompose.  This led to increased oxygen consumption via 

respiration by the bacteria, reflected in the sample results for September having the 

lowest DO levels when compared to the other sampling periods.  The algae and Widgeon 

grass mats were probably the largest source of nutrients to the bacteria.  The October 23, 

2003 RWQCB sampling showed that DO levels rebounded to as high as 19 mg/L, likely a 

result of wave-wash over the barrier beach, as evidenced by sand deltas and erosional 

channels observed leading from the ocean to the estuary that day.  Dissolved oxygen 

concentrations remained low in the lower water column at the Mill Bend site, as before. 

 

Most of the estuary during the mid- to late summer low flow period is shallow, and 

without riparian or other shaded cover that would reduce or limit solar radiation inputs, 

another factor conducive to algal and/or other macrophytic plant growth.  Stream 

temperatures during the mid- to late summer months reflect increase solar radiation and 

hovered around 20 ºC.  In October, water temperatures dropped to 15 - 16 ºC at all 

locations.  In combination, the elevated water temperatures and increased in solar 

radiation favors the growth of macroalgae and other aquatic plants, provided sufficient 

nutrients are available. 

 

The observations and measurements described above suggest that during the mid- to late 

summer period, there is enough phosphorous from natural inputs to promote the 

extensive algal and plant growth.  In turn, the primary nutrient sources to the lower 

estuary that could contribute to any form of eutrophication are the algal mats and, 

perhaps, the Widgeon grass during senescence.  However, under existing conditions, it is 

speculated that end-point eutrophication, as experienced in many closed systems like 
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lakes and ponds, probably does not have a chance to occur in the Gualala Estuary because 

of the relatively high freshwater inflow, and occasional wave wash under high surf 

conditions. The estuary alignment with prevailing summer winds also allow for regular 

mixing of the water column in the lower estuary.  The above-mentioned factors in the 

Gualala Estuary tend to prevent a “closed system” from forming where bacterial 

decomposition could proceed to produce truly hypoxic or anaerobic conditions.   

 

Upper Estuary 

 

The upper estuary from the Hwy 1 bridge was completely freshwater during the June and 

October Regional Board’s 2003 sampling events.  Populations of algae on the bottom 

along with “streamers” and surface accumulations in the water column were observed 

over this period.  There was noticeable flow in the lower river that provided a source of 

dissolved oxygen.  Two locations sampled upstream of the bridge in October had DO 

concentrations of 9.6 and 10.3 mg/L.  Plant matter present during the late summer 

probably undergoes bacterial decomposition, releasing more nutrients into the cycle, but 

not to the point of eutrophy because freshwater inflow prevents the lower river from 

stagnating.  Water temperatures also increased in an upstream direction during the June 

sample period, but decreased during October due to the arrival of mostly overcast, late 

summer fog sampling.  Thus, it appears that increases in temperature, along with 

increases in sunlight, helped to stimulate the growth of macroalgae and other aquatic 

plants, but not planktonic algae. 

 

A natural seasonal cycle of primary productivity by algae and other aquatic plants is 

evident in the Gualala River estuary.  This is followed by the seasonal senescence and 

eventual bacterial decomposition of the aquatic plants, lowering DO levels during the late 

summer, particularly when flows from upstream are reduced and wave-wash over the 

sandbar is nonexistent.  The relatively small size of the estuary and perennial freshwater 

inflow are important variables in maintaining a freshwater dominated, health estuary. 
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3.4 Discussion 

 

During the two years of sampling conducted in the lower Gualala River and estuary by 

ECORP, water quality and habitat conditions varied in response to river flow.  During 

2002, the estuary remained closed until the first November storm event.  The fact that the 

estuary remained closed throughout spring and summer, and into fall resulted in generally 

favorable rearing conditions (predominantly freshwater).  In addition, water temperatures 

were generally suitable, with the exception of a few days of increased water temperatures 

(see 2002).  In 2003, the estuary remained open into May, breached again for a short 

period in the middle of June, and breached again during the first storm event in 

November.  This pattern of repeated breaching resulted in increase salinity values during 

summer, a time when young of the year and older juvenile steelhead are migrating to the 

estuary to continue freshwater rearing.  The importance of this estuarine rearing stage is 

to rapidly increase their size (in particular, weight) prior to entering the Pacific Ocean.  

Survival of outmigrating smolt steelhead increases with size (i.e., weight), presumably 

because they are better able to withstand stress associated with the transition from fresh 

to salt water conditions.  In addition, the amount of available habitat is increased over 

that found in the stream.  The areal extent of habitat is increased in the estuary when 

conditions are otherwise suitable (i.e., water quality).  Under freshwater conditions, prey 

items are more abundant and the juvenile steelhead are more able to rapidly increase 

weight.   

 

In 2002, the estuary was predominantly freshwater throughout the summer and early fall, 

except for the pocket of saline water in the deep pool at Mill Bend.  However, water 

quality conditions in 2003 were highly variable associated with high spring runoff and an 

open estuary into mid July.  As a result, the estuary/estuary fluctuated between primarily 

freshwater and brackish to marine conditions.   



Figure 3.17.  EPT Indices for Benthic Macroinvertebrates in the Lower Gualala 
River and Estuary, July 2002 and May 2003
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Figure 3.19.  Dominant Taxa Metric for Benthic Macroinvertebrates in the Lower 
Gualala River and Estuary, July 2002 and May 2003
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Figure 3.18.  Percentage of Non-Insect Taxa Metric for Benthic Macroinvertebrates in 
the Lower Gualala River and Estuary, July 2002 and May 2003
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2002 

Young-of-the-year steelhead were relatively abundant in the catch from June through 

early September, with decreased numbers recorded for the remainder of the sampling 

season.  During the spring, YOY steelhead were captured in highest numbers in the lower 

and middle estuary up to the Highway 1 Bridge.  In summer, YOY were substantially 

more abundant in the catch from Mill Bend upstream to mile 1.50, but were also captured 

in higher numbers in the lower estuary.  By fall, total numbers of YOY had decreased 

above Mill Bend, with similar numbers recorded for the lower estuary.   

 

Age 1+ and older fish were captured in low numbers throughout the estuary in the spring, 

likely due to emigration prior to estuary closure.  However, by the summer period there 

was a substantial increase in the number of age 1+ and older fish, which were most 

abundant in the lower estuary, but were also captured in increasing numbers in the 

vicinity of the Highway 1 Bridge.  In the fall, even higher numbers of steelhead were 

captured in the lower and lower-middle estuary, and in the vicinity of the Highway 1 

Bridge.  During this period, age 1+ and older steelhead were captured in highest numbers 

in the lower estuary.  Sampling conducted in November after the estuary had breached 

showed that few age 1+ and older fish were still present in the lower and lower-middle 

estuary, likely due to emigration following the estuary breach.  During the spring and 

summer periods, the largest age 1+ and older steelhead were captured in the lower and 

lower-middle estuary.   

 
Water quality conditions were generally favorable for steelhead throughout the summer 

and fall, except in the deep pool at Mill Bend, where salinity stratification often created 

poor water quality conditions with warm water temperatures and very low dissolved 

oxygen levels.  In the fall, ocean wave-overwash created saline conditions on the bottom 

in the lower and lower-middle estuary.  As the fall progressed, continued wave-overwash 

steadily increased surface and bottom salinities in the lower and middle estuary, until the 

estuary breached in November.  Based on the 2002 sampling data, the distribution of 

YOY steelhead did not appear to be affected by the increased salinities in the lower and 

middle estuary.       
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In general, water temperatures were adequate for steelhead rearing throughout the 

estuary.  During eleven days in July and early August, temperatures generally exceeded 

the thermal maximum for steelhead, however areas of lowered water temperature 

(thermal refugia) were sometimes present in deep water. There is some discrepancy 

among investigators as to the thermal maximum for steelhead; Raleigh et al. (1984) 

reported 25 ºC, other investigators (Jobling, 1981 and Lee and Rinne, 1980) report 26 ºC, 

and Moyle (2002) found that temperatures of 24–27 ºC are lethal to steelhead, except for 

very short exposures of a few hours.  Based on continuous temperature data collected 

within the estuary, surface water temperatures exceeded 25 ºC for up to 6 hours per day 

over the eleven days.  Based on this analysis, it appears that water temperatures 

throughout the estuary were generally favorable for steelhead rearing in the estuary in 

2002, except for short periods (maximum 6 hours) during late July/early August.   A 

portion of the catch during the early August sampling event appeared to be stressed 

(lethargic behavior) from warm water and air temperatures   

 

2003 

Steelhead were less abundant in the catch in 2003 than in 2002, likely due to greater 

emigration during the spring 2003 when the estuary was open.  Young-of-the-year 

steelhead were captured in relatively low numbers during February and May when the 

estuary was open.  However, the numbers of YOY fish substantially increased during the 

June sampling event, which was likely associated with the estuary closing in late May.  

Variable numbers of YOY steelhead were captured from July through September, with a 

significant drop in numbers occurring during the October sampling events.  During the 

spring, YOY steelhead were captured in highest numbers in the lower-middle estuary, 

with reduced numbers of fish in the upper estuary.  In summer, YOY were captured in 

similar numbers throughout the estuary.  By fall, total numbers of YOY were highest in 

the upper estuary above the Highway 1 Bridge; however, fish were also captured in 

slightly lower numbers in the middle estuary.  In the winter and spring, the largest YOY 
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were captured within the lower and lower-middle estuary.  During the summer and fall, 

the largest YOY were distributed throughout the estuary, as noted in 2002.                         

 

Except for the lower estuary, one-year and older fish were captured in very low numbers 

throughout the estuary during the spring sampling event.  This is likely due to emigration 

prior to estuary closure in late May.  By the summer period, these fish were relatively 

evenly distributed throughout the estuary.  In the fall, the highest numbers of age 1+ and 

older fish were captured in the lower and lower-middle estuary as observed in 2002, with 

lower numbers present from Mill Bend upstream into the upper estuary.  During the 

winter, spring and summer periods, the largest age 1+ and older steelhead were evenly 

distributed throughout the estuary.           

 
As in 2002, water quality conditions were generally favorable for steelhead throughout 

the summer and fall, except in the deep pool at Mill Bend, where salinity stratification 

often created poor water quality conditions with warm water temperatures and very low 

dissolved oxygen levels.  Similar to 2002, ocean wave-wash in the fall created saline 

conditions on the bottom in the lower and lower-middle estuary.  As the fall progressed, 

continued wave-wash steadily increased surface and bottom salinities in the lower and 

middle estuary, until the estuary breached in November.  Based on the 2003 sampling 

data, the distribution of YOY steelhead appeared to be affected by the increased salinities 

in the lower and middle estuary during the summer and fall.  As salinities increased in the 

lower and middle estuary, YOY steelhead appeared to migrate upstream into fresher 

water.  

 

In general, water temperatures in the estuary were adequate for steelhead rearing 

throughout most of the year, except for two days in July when temperatures exceeded the 

thermal maximum for steelhead.  Based on continuous temperature data collected within 

the estuary, the longest period of time that surface water temperatures exceeded 25 ºC 

over the two days in July was for 1-hour.   
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The numbers of steelhead present within the estuary may be affected by predation, 

especially river otter and various avian species, including white pelican, osprey, 

mergansers, gulls, and cormorants.  During sampling events in both years, these predators 

were observed actively feeding on steelhead throughout the estuary.  During closed 

estuary conditions in 2002 when surface waters were calm, conditions may have favored 

those predators that rely on eyesight (e.g., otters, osprey, and other avian predators) to 

locate prey.  However, the total affect of these predators on juvenile steelhead population 

numbers within the estuary is unknown.   

 

3.4.1 Benthic Macroinvertebrates 

 

Benthic community sampling, although limited, was conducted to examine the food 

resources for the fish community.  The 2002 NCWAP report on the Gualala Watershed 

(Klamt et. al., 2002) describes the upper watershed as having a good biotic rating based 

upon an IBI community evaluation approach.  Based on the results of the current study 

effort, including assessments of water quality, fish populations, and the benthic 

community, the lower river and estuary also appear to provide suitable habitat and food 

resources for maintaining steelhead and other fish aquatic species. 

 

Based on the limited benthic sampling conducted in 2002 and 2003, two discrete benthic 

communities were identified within the Gualala River estuary.  Sampling indicated that 

the benthic community begins to transition from a riverine or insect dominated 

community to an estuarine or non-insect dominated community at mile 2.4 in the upper 

reach.   An isopod (Gnorimosphaeroma sp.), was the dominant taxa found in the samples 

from the mouth to the transition area.  Based on a sample size of 35 fish, stomach 

analyses showed that this organism (which was the most abundant organism in the 

samples) was the dominant food item in most fish examined.  This observation is 

consistent with most salmonid species, which are known to be opportunistic feeders on 

the most abundant food items present in the environment (Raleigh et.al. 1984).   
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CHAPTER 4.0 SUMMARY OF CONCLUSIONS 

 
4.1 Introduction 

 

This section summarizes the key findings and conclusions regarding overall condition 

and aquatic health of the Gualala River coastal estuary determined from each the 

hydrology and geomorphic, water quality, and aquatic ecology investigations.  These 

conclusions/hypotheses are based predominantly on data and observations collected 

during the 2002 and 2003-study period. Adult steelhead escapement and juvenile 

outmigration study components were not part of the scope of this coastal estuary and 

lower river study. 

 

4.2 Summary  

 

Overall General Observation:  

• The estuary appears to be in good biotic condition based upon hydrology, water 

quality, fish population and benthic invertebrate community conditions. 

 

Hydrology and Water Quality Observations: 

• Seasonal changes to the Gualala River coastal estuary geomorphology and water 

quality  occur throughout the year in a fairly predictable manner, and are controlled 

by subtle shifts in the balance of natural processes, most notably freshwater inflow 

and wave energy. 

 

• The hydrologic and water quality characteristics of the coastal estuary control the 

extent and quality of aquatic habitat.  Any significant change in the magnitude or 

timing of a physical condition or process (e.g., climate, water diversions that decrease 

freshwater inflow, degraded water quality conditions from land use practices) will 

likely have a significant adverse effect on estuary ecology. 
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• In order to maintain healthy conditions for steelhead rearing in the estuary, an ample 

supply of good quality inflow needs to be maintained and protected.  This can be 

assessed quantitatively through additional study (e.g., PHABSIM analysis), however 

it is also assessed by the ability of the estuary to maintain freshwater conditions 

during closure.  

 

Fisheries Specific – Summary Points: 

 

• Anecdotal information obtained from local residents and CDFG snorkel surveys, as 

well as the capture of one juvenile Coho salmon in the estuary indicate that a remnant 

coho salmon population may be present in the Gualala River Watershed. 

 

• Adverse physical, biologic, or water quality conditions in the estuary were not 

identified as a limiting factor to Coho salmon populations in the Gualala River 

estuary.  An exception to this would be unseasonably warm estuarine water 

temperatures, most notably in the shallow lower river and upper estuary, often 

associated with low inflow conditions. The factors limiting Coho in the basin appear 

to be associated with degraded habitat conditions in the upstream portions of the 

watershed. 

 

• Surface water temperatures exceeded 25-degrees C for several hours per day for short 

durations during the summer in 2002.  Although it appears that areas of thermal 

refugia do exist in the estuary, unseasonably warm water temperatures may 

sometimes be a limiting factor on steelhead rearing in the coastal estuary. 

 

• Steelhead rearing capacity in the coastal estuary is generally good for pre-smolt and 

smolt steelhead under existing conditions.  However, additional deep pool habitat, 

and increased cool water inflow would increase summer thermal refugia.   
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• Habitat conditions within the estuary appear to be adequate to accommodate 

steelhead rearing, even with the high degree of inter- and intra-annual variability in 

the hydrology and water quality of the coastal estuary. 

 

• The estuary is generally dominated by freshwater conditions throughout the rearing 

season.  During periods of barrier breaches and wave overwash, saline water enters 

the estuary, affecting water quality upstream as far as Mill Bend.  As long as there is 

a good supply of inflow, salinity stratification maintains shallow freshwater lenses.  

When the barrier beach reforms, the estuary quickly returns to generally freshwater 

conditions.   

 

• Salinity increases in the lower to middle estuary due to late-fall wave overwash 

caused juvenile steelhead in these sections to seek freshwater conditions in the upper 

estuary.  As expected, there was evidence of  juvenile steelhead out-migration during 

breeching. 

 

• The benthic invertebrate communities transition from riverine (insect) to estuarine 

dominated species well above the Highway 1 Bridge in the upper reach of the estuary.  

The dominant juvenile steelhead food source in the estuary is an isopod 

(zooplankton), Gnorimosphaeroma sp.. 

 

• The low number of juveniles found in the estuary during the spring and early summer 

of 2003 likely resulted from emigration associated with the late-season breach that 

drained the estuary on June 15, 2003. 

 

• Young-of-the-year (YOY) steelhead were typically more abundant in the upper 

estuary, especially during periods of low flow and lower estuary stratification. During 

this time, the upper estuary provides preferred riverine conditions for YOY.  When 
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the entire estuary was dominated by freshwater conditions, YOY and older juveniles 

tended to be distributed evenly throughout the estuary.   

 

• Scores for  “Substrate Complexity” and “Physical Habitat Quality” indicated the 

presence of good habitat conditions for both juvenile steelhead rearing and prey items 

throughout the estuary. 

 

Other limiting factor considerations: 

 

• Field observations suggest that predation on aquatic species by mammals and birds 

are high throughout the late spring through summer period.  The affect of this 

predation on juvenile steelhead population within the estuary is unknown. 

 

Mid-summer through late-fall filamentous algal blooms are pervasive throughout the 

lower river and estuary.  These blooms appear to occur naturally in north coast streams 

and result from increasing water temperature and photoperiod, as well as a supply of both 

natural and human-induced nutrients. The presence of these filamentous algal blooms did 

not appear to adversely impact steelhead juveniles during the 2002 and 2003 sampling 

seasons, however dense accumulations could displace fish from otherwise useable 

habitat.  

 

• As to some specific limiting factors that can be caused by anthropogenic behaviors, 

no unnatural-illegal breaches were observed to occur during the study period. 

Artificial estuary breaches can have a significant negative effect on the survivability 

of anadromous species. Additionally, while illegal off road vehicle use is known to 

occur in the lower river, no data were collected that would indicate whether this 

activity results in significant adverse affects to juvenile salmonids. General 

community education that addresses these types of human behaviors is important 

components to the continued stewardship of the ecological resources found in the 

Gualala River Watershed. 
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• Land use and impact was not analyzed in this study. In general, the available reports 

such as the NCWAP report (Klamt et al., 2003), and the analysis set forth in the 

TMDL- sediment document (December 2001) characterize the origin, land use 

history, and future recommendations for land use relative to improvement of 

watershed conditions.  

 

• Through the limited hydrologic analysis of sediment movement conducted through 

this study, sediment transport through the estuary and lower river did not appear to be 

a limiting factor for fisheries populations within the estuary.   Very high suspended 

sediment values are known to adversely affect rearing salmonids.  However, no 

suspended sediment sampling or monitoring was completed as part of this study.  

 

• Land use practices related to timber harvest, forest conversion, and agricultural 

development (vineyards) were not critiqued as a portion of this study. For those 

practices, the authors note that successful compliance with the Forest Practices Act, 

and all applicable county, state, and federal regulations, as well as community 

stewardship of the land, are the best safeguards to ameliorate negative impacts to the 

watershed. The authors note that the Gualala has a developing tradition of effective 

landowner- stakeholder group forums to address these matters in a constructive 

manner.   

 

 

 

 

.    
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CHAPTER 5.0 ENHANCEMENT PLAN AND RECOMMENDATIONS 
 

5.1 Introduction 

 
This section describes management and enhancement opportunities that will meet the 

goal of sustaining and improving natural resources within the lower Gualala River and 

coastal estuary.  This section also identifies and describes constraints on resource 

management efforts based on the hydrologic and biologic assessments described in the 

previous sections.  Although the geographic focus of this section is on the lower river and 

estuary, successful implementation of strategies will require a watershed-based approach 

towards protection and enhancement.  It is intended that this information serve as a 

planning and operational guide to assist landowners and interested parties in conserving, 

managing, and enhancing natural resources.   

 

It is encouraging to note that during the timeframe of the study, the estuary and lower 

river appeared to be healthy and productive and estuary condition was not a limiting 

factor to coho and steelhead rearing.   In contrast, it is important to acknowledge that the 

Gualala River Watershed, upstream of the estuary, remains designated as an impaired 

water body for sediment and temperature, and will require substantial and long-term 

efforts to improve overall conditions.  The inhabitants of the Gualala River Watershed are 

in a unique position to implement watershed recovery strategies and actions: the 

watershed has an active and sophisticated citizenry interested in its future recovery; there 

has been an analysis of upper watershed conditions provided by the North Coast 

Watershed Assessment Program project (Klamt, 2003); there have been updates to the 

fisheries work conducted in response to issues raised in the NCWAP report (Gualala 

River Implementation Summary, 2003); preliminary TMDL analyses for both sediment 

(2001) and temperature (2002) have been completed; and several projects for upland 

restoration including retirement of old roads, instream large woody debris enhancement, 

and comprehensive trend monitoring for water temperature, channel morphology, and 

upland habitat monitoring (e.g., riparian inventories) have all been funded and completed.  

It should also be noted that the voluntary and proactive compliance of landowners in the 
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Gualala River Watershed is promising, and should be further encouraged to ensure long-

term protection and enhancement of the watershed. 

 

5.2 Existing Resource Management Activities and Regulatory Compliance 

 

The main resource management and restoration guidance documents for the Gualala 

River watershed is the 2003 NCWAP report, follow up Implementation Summary 

reports, and TMDL studies and documents.  The NCWAP program and follow up 

Implementation Summary reports provide important summaries and status about the 

watershed (estuary and lower river excluded) and specific areas of concern for restoration 

in each sub-basin.  The NCWAP report recommendations point to the need to repair and 

retire as necessary the vast road network in the watershed, put more large woody debris 

in the streams to improve habitat complexity and provide refugia, and most importantly 

ensure that land management practices adequately provide for the protection and 

enhancement of instream habitat.   

 

In a more limited way, the TMDL sediment document also summarizes conditions that 

deserve further attention in different sub-basins. While the North Coast Regional Water 

Quality Control Board TMDL implementation plan is still some years short of its 

required implementation (2007 for sediment, 2011 for temperature), each year 

landowners in the watershed have continued to “treat” significant portions of road in 

specific sub-basins. For example, 80% of the roads have received sediment reduction 

treatments in the Fuller Creek sub-basin, through voluntary projects, primarily funded by 

State and federal funds, that did not come about from mitigation or other forced action. 

 

With the exception of the 195-acre Gualala Point Regional Park, which is managed by 

the Sonoma County Regional Parks Department and a combined 219 acres of State and 

Federal lands in the Wheatfield and main-stem South Fork watersheds, the vast majority 

of the watershed (190,773-acres) is privately owned (Klamt et al., 2003).  Apart from 

several general resource management plan (RMP) objectives applicable to all Sonoma 
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County Regional Parks, actions that may impact natural and biological resources 

activities in the watershed, including restoration efforts, fall under the purview of 

mandatory federal and state environmental statutes.  These statutes include, but are not 

limited to: the National Environmental Policy Act (NEPA) and California Environmental 

Quality Act (CEQA), federal Clean Water Act and state Porter-Cologne Water Quality 

Act, Federal Endangered Species Act (FESA) and California Endangered Species Act 

(CESA), and State Forest Practice Act.  The Gualala River has also been designated an 

impaired water body (for sediment) by the U. S. Environmental Protection Agency 

(USEPA) and North Coast Regional Water Quality Control Board (who must set total 

maximum daily loads (TMDLs) for the constituents that are causing the impairment). 

 

A number of actions identified in this section would require CEQA and/or NEPA review 

if they were to be implemented.  Most of the proposed management recommendations 

can be performed under a negative declaration or a mitigated negative declaration.  

Management recommendations that involve Federal or state-listed wildlife species may 

require consultation under FESA and CESA.  When considering implementation of 

management recommendations that may affect sensitive plants and animals, responsible 

parties should also anticipate in coordinating with state and federal resource agencies, 

including the California Department of Fish and Game and U.S. Fish and Wildlife 

Service. 

 

5.3 Management Goals and Objectives 

 

The overall goal of this enhancement plan is to sustain and improve the natural vitality 

and biodiversity of natural resources within the lower Gualala River and coastal estuary, 

much of which is dependant upon resource protection and recovery actions in the upper 

watershed.  This goal includes the need to ensure that natural resources are not 

diminished, and when possible, to improve the unique and diverse aquatic and 

surrounding riparian, wetland, and upland habitats and the natural physical processes that 

sustain these habitats.  To achieve this qualitative goal, objectives were developed to 
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identify specific and measurable desired outcomes resulting from implementing a specific 

management action.  Thus, each management and enhancement plan objective listed 

below includes a brief discussion of: a) the specific implementation and/or management 

activities (opportunities) proposed to achieve the objective; b) the desired outcome of the 

objective; and c) known constraints associated with implementation of an activity.  

Primary protection and restoration efforts focus on: protecting freshwater inflow to the 

estuary; reducing sediment production from the upper watershed; enhancing aquatic 

habitats throughout the watershed; reducing human-derived nutrient loads to the estuary; 

and fostering voluntary participation of landowners in resource protection and restoration 

efforts.  No priority or level of importance is implied by the order in which objectives are 

presented below. 

 

OBJECTIVE 1: To protect the current supplies, and enhance, if necessary, freshwater 

inflow to the coastal estuary.  

 

Desired Outcome: To protect water quality and aquatic habitats by maintaining the 

natural seasonal cycle of coastal estuary and barrier beach morphology.. 

 

Implementation Activities: 

• Discourage the development of any surface water diversions in the watershed that 

independently or cumulatively have a significant impact on reducing the inflow to 

the coastal estuary, especially during summer and fall months. 

• Discourage development of surface-water influenced wells that have impart 

similar significant adverse impact on summer base flows or recharge to the local 

groundwater system impacts to those stated above. 

• Ensure that future residential and agricultural development projects do not 

adversely impact summer base flows or recharge to local groundwater systems. 

• Encourage the implementation of water conservation measures throughout the 

watershed to reduce existing cumulative impacts. 

• Restore a program of monitoring summer base flows in major tributary channels. 
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• Establish minimum flows in watershed tributaries, where necessary and where 

heavily impacted by diversion, to protect salmonid rearing habitat. 

• Land acquisition or creation of conservation easements with willing partners. 

• Seek to establish partnerships that provide for working landscapes consistent with 

the protection and enhancement of Gualala River ecological resources. 

• Identify restoration planning needs and projects in watershed tributaries 

referenced by existing studies such as the NCWAP report. 

 

Constraints:  

• Existing legal and illegal water diversions. 

• Natural variability in climate and stream flows. 

• Data gaps for implementation of restoration goals. 

 

OBJECTIVE 2: To eliminate any potential for unnatural breaching of the barrier beach. 

 

Desired Outcome: To maintain the seasonal cycle of coastal estuary and barrier beach 

morphology and protect aquatic habitats. 

 

Implementation Activities: 

• Develop an educational and public awareness program to alert local residents of 

impacts to estuary ecology due to artificial breaching. 

• Post sign at kiosk at County Park informing public about beneficial attributes of a 

coastal estuary system and ecological risks of artificial breaching. 

 

Constraints: Funding availability for educational outreach has been scant for watershed 

groups in the recent past. 
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OBJECTIVE 3: To assess and minimize possible input of toxics or excessive nutrient 

loads to the estuary. 

 

Desired Outcomes:   

• Improved aquatic habitat for avian and other wildlife species that rely on aquatic 

habitats for food. 

• Protect estuary from eutrophication. 

• Reduce algae growth in lower river and estuary. 

 

Implementation Activities: 

• Assess and reduce the use of toxic herbicides, pesticides and other agricultural 

chemicals in the watershed.  

• Investigate cumulative impacts of septic system and water treatment discharges, if 

any. 

• Ameliorate dysfunctional septic systems, if present. 

• Educate and reduce the potential for illegal or irresponsible dumping. 

 

Encourage Best Management Practices in both developed/urban areas and upper 

watershed, using existing programs and documents such as the SRCD House and 

Garden Audit, Farm Planning and Backyard Stewardship Programs.  

 

Constraints:  

• Identify funding sources. 

• Landowner participation. 

 

OBJECTIVE 4: To reduce excessive sediment supplies to lower river and estuary. 

 

Desired Outcome: Protect and enhance aquatic habitat for resident fish and organisms as 

well as for avian and other wildlife species that rely on aquatic habitats for food not only 

in the lower river and estuary, but also throughout the entire watershed. 
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Implementation Activities: 

• Expand on NCWAP report ranking charts at sub-basin priority levels for fisheries, 

instream, and upland restoration work. The natural sequence is to continue this 

work with the following steps: 

a. Identify highest priority sub-basins for restoration; identify and rank 

priority projects in the top sub-basins 

b. Integrate restoration rankings with NCWAP series maps that address these 

factors and prioritize projects in each sub-basin 

c. Cross-reference and chart multiple target restoration goals from agency 

and group sources (SCC, DFG, SWRCB, GRWC, etc) and identify 

benchmarks to satisfy the goals. This tool is useful for cross-agency 

communication. 

d. Address data gaps and provide funding to complete data collection where 

landowner permission is gained 

• Continue to encourage more environmentally friendly logging and land 

development practices, (including BMPs). Ensure consistency with Forest 

Practice Rules. 

• Develop an educational and public awareness program to alert local residents of 

the impact of off-road vehicles in streambeds and associated upland areas, and 

other related topics. 

• Conduct sediment source analysis for priority roads and related features identified 

in the NCWAP report maps as potential contributors of fine sediment. 

• Repair and Retire logging roads, and treat other upslope sediment sources 

identified in the NCWAP report maps and identified through field reconnaissance. 

• Land conversion and acquisition. 

• Pursue property acquisitions or easements that provide for working landscapes 

consistent with the protection of the Gualala’s ecological resources 

• Long-term monitoring of estuary profiles to track changes in morphology. 

• Evaluate potential effects of instream gravel mining relative to degradation or 

creation (through pool construction or channel modification) of instream habitat. 
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Constraints:  

• Identify funding sources. 

• Landowner participation. 

  

OBJECTIVE 5: Implement public outreach efforts for landowner sediment reduction 

and instream habitat improvement project development once sub-basin priorities are met 

and supporting data available. 

 

Desired Outcome:  Improve habitats for aquatic species and reduce the threat of adverse 

impacts to the estuary from sediment and water quality impairments. 

 

Implementation Activities: 

• Develop a series of parcel map databases to guide outreach process appropriate to 

sub-basin priority needs. 

• Develop and document outreach. 

• Identify and fund prioritized enhancement projects. 

• Conduct necessary pre-project inquiries such as sediment source investigations, 

planting designs, and specific permitting requirements. 

• Conduct pre and post monitoring of project effectiveness and relate monitoring to 

existing trend monitoring underway for the larger watershed.  

• Provide watershed wide education and networking about watershed project 

accomplishments and restoration project developments. 

 

Constraints:  

• Identify funding sources. 

• Landowner participation. 
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OBJECTIVE 6: To increase public awareness of  the importance of dune and dune scrub 

vegetation.  

 

Desired Outcome:  Improve habitats for sensitive native plants and nesting 

birds.Encourage public awareness of sensitive plants and nesting birds. 

 

Implementation Activities: 

• Education and stewardship programs through community and County Park. 

• Reduced/improved trail access and signage through/from County Park. 

• Removal of non-native (competing) plant species. 

 

Constraints:  

• Heavy public access through County Park. 

• Presence and competition from exotic species.  

 

OBJECTIVE 7: To further develop and facilitate consensus of watershed resource 

management plan goals, objectives, and implementation strategies and prepare a 

watershed resource management and restoration implementation plan. 

 

Desired Outcome:  Buy-in of local landowners, resource/regulatory agencies, and other 

local stakeholders.  

 

Implementation Activities: 

• Utilize the GIS developments already provided to the watershed such as the 

sophisticated road routing layer that can identify and track both road related 

restoration features (down to specific culvert replacements), and stream related 

restoration as well. 

• Develop a large wood inventory budget on a watershed wide basis that predicts 

natural woody deposition rates into streams. 
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• Develop a water budget that addresses flow rate and quantity issues needed to 

provide a healthy ecosystem to offset impairment conditions.  

• Provide the capacity for data development, management, quality control, and data 

entry that updates NCWAP digital databases, report addendums, map 

development, etc. 

• Coordinate/meet with local landowners and agency staff to revise and approve the 

resource management and restoration plan. 

• Work with stakeholders to develop an implementation strategy for proposed 

management actions. 

• Develop public education and stewardship programs. 

 

Constraints:  Interest and financing. 

 

OBJECTIVE 8: Evaluate the condition of terrestrial, riparian and wetland habitats 

bordering the lower river and estuary with the aim at developing management and 

restoration strategies to protect improve them.  

 

Desired Outcome:  To delineate riparian and wetland areas; develop a comprehensive list 

of plants and wildlife residing along the lower river and estuary; identify endangered and 

sensitive plant and animal species residing and/or utilizing the lower river and estuary; 

develop a map of plant species, communities, habitat zones, and species distribution; 

describe the use and dependence of bird and wildlife species on the lower river and 

estuary aquatic system; and identify opportunities to preserve and improve habitat for 

plant and animal species and the healthy linkage to the adjacent aquatic ecosystems. 

 

Implementation Activities: 

• Conduct the specific biologic, botanical and ecologic surveys and studies 

necessary to address the specific outcomes listed above. 
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Constraints:  

• Competition from non-native and exotic species. 

• Majority of surrounding property is under private ownership. 

• Heavy public access through the County Park. 

 

OBJECTIVE 9: To protect and enhance steelhead and Coho salmon habitat. 

 

Desired Outcome:  Improve habitats for spawning and rearing steelhead and Coho 

salmon. 

 

Implementation Activities: 

• Implementation of any or all of the Objectives (1 through 8) listed above. 

 

Constraints: 

• Interest and financing. 

 

5.4 Summary of Recommendations  

 

In an effort to assist local resource management entities with implementation of the 

estuary protection and enhancement strategies outlined above, the following list of data 

collection and analysis tasks are proposed.  A brief description of the rational and need 

for these items and how they will contribute to protection and enhancement of the coastal 

estuary is also provided. 

 

1. Identify and quantify the volume of existing and proposed surface water diversions 

and groundwater extractions in the river basin in terms of percent of estimated annual 

flow at selected locations.  The objective of this investigation is to determine the 

degree of reduction in freshwater inflow to the coastal estuary and attempt to identify 

the minimal seasonal inflow needs to maintain healthy conditions.  This study should 

also assess potential impacts to changes in North Fork Gualala River summer 
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baseflow, the main summer/fall source of surface inflow to the lower river and 

estuary. 

 

2. Continue river flow monitoring at existing USGS gauges.  These data are necessary to 

accurately and reasonably quantify freshwater inflow to the estuary.  Again, these 

data along with concomitant estuary water level and water quality monitoring will 

assist in identifying minimum freshwater inflow requirements to maintain healthy 

juvenile steelhead rearing conditions. 

 

3. Complete a detailed water budget of the estuary to quantify the magnitude and 

importance of groundwater inflow and barrier beach seepage (outflow) in maintaining 

favorable freshwater conditions in the estuary during the summer and fall periods. 

 

4. Perform an impact assessment of mammal and bird predation on juvenile steelhead 

populations in the coastal estuary.  The objective of this analysis is to determine the 

relative significance/stress predation has on juvenile steelhead populations in the 

estuary. 

 

5. Complete biologic and botanical assessments to map wetlands, inventory riparian and 

upland wildlife species (esp. endangered and sensitive species), and identify and map 

native and exotic plant species in and around the study area, with emphasis on dune 

and scrub vegetation and marsh ecology in the lower and middle reaches 

corresponding to the county parks and private landowner parcels. Prepare an exotic 

removal and planting plan to address future restoration and management efforts. 

 

6. Continue a hydrologic/geomorphic monitoring program including: weekly photo-

monitoring; continuous estuary water level monitoring; seasonal estuary morphology 

surveys; gravel bar pebble counts; and bimonthly or event-driven water quality 

monitoring of the coastal estuary.  The objectives of this work are consistent with 

those outlined in the Hydrology Section of the report.  Collecting this information 
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during a wider variety of water year types will be necessary to: 1) understand the 

effects of reduced freshwater inflow; 2) identify periods and conditions associated 

with poor rearing habitat (not observed during the 2002 and 2003 sampling seasons); 

and 3) assist in quantifying the minimum freshwater inflow rate to maintain healthy 

aquatic ecological conditions. 

 

7. Implement a nutrient, toxic chemical, and general water quality parameter monitoring 

program to determine: 1) the source of nutrients fueling algal blooms in the lower 

river and estuary and threat of eutrophication from instream, near-stream, and 

upstream (upslope) sources; 2) collect and identify the algae and aquatic plants of 

concern; 3) collect chlorophyll and nutrient samples and conduct sediment oxygen 

demand sampling and analyses; 4) identify and evaluate the relative importance of 

other hydrologic and water quality factors contributing to algal blooms; 5) evaluate if 

any chemical applications within the watershed are impacting the lower river and 

coastal estuary; and 6) identify and quantify historic, existing and future potential 

nutrient sources including septic systems, agricultural operations, and other potential 

sources.  It cannot be overstated that, together with decreased freshwater inflow rates, 

increased nutrient loads pose the greatest threat to long-term health of aquatic habitat 

in the estuary. 

 

8. Continue fish sampling pursuant to the methods and approach followed as part of this 

investigation.  The objective of this continued sampling is to evaluate population and 

habitat conditions over a broader range of water year-type conditions and to test 

population estimators over a broad range of conditions. 

 

9. Conduct fish escapement surveys to better understand affects of spawning stock on 

extent of production and recruitment. 

 

10. Better investigate the use of the lower river and North Fork as summer/fall refugia 

during periods of increased salinity in the estuary associated with wave overwash.   
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11. Expand on the results and interpretations of this study with previously published work 

on the north coast for purposes of regional watershed recovery planning. Integrate the 

findings from this narrow scope of work into the broader watershed perspective.    
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APPENDIX A.1 
 

Methodology for Estimating Freshwater Inflow to Gualala River Coastal Lagoon 
 
Kamman Hydrology & Engineering, Inc. 
 
The primary objective of this analysis is to develop a daily freshwater inflow record for 
the Gualala River Coastal Lagoon; the study period for the analysis ranges from 10/1/00-
1/31/04.  The following is a brief description of the methodologies used in constructing 
the inflow record. 
 
The contributing watershed was broken into 7 tributaries:  Wheatfield Fork, South Fork, 
North Fork, Rockpile, Buckeye, Pepperwood, and the Remaining South Fork.  The 
average daily flow for each tributary was calculated, or estimated, for each day of the 
period of analysis (10/1/00 – 1/31/04), and the sum of the daily flow values was used to 
estimate the daily freshwater input to the Estuary. 
 
DAILY TRIBUTARY INFLOW: Wheatfield Fork, South Fork, and North Fork 
 
Wheatfield Fork (WF) 

• Data was obtained from the California Department of Water Resources (DWR) or 
the United States Geological Survey (USGS) for the following parameters and 
dates: 

o FLOW:  10/1/00-9/30/02; 6/10/03-11/29/03; 12/3/03-1/31/04 
o STAGE:  10/1/01-2/23/03; 2/28/03-1/31/04 

• Missing daily flow values for 10/1/02-2/23/03; 2/28/03-6/9/03; and 11/30/03-
12/2/03 were calculated from a derived stage-flow equation/relationship (i.e., a 
rating curve) for WY 2002. 

• WF Rating Curve:  Upon analysis of the rating curve, it was separated into 3 parts 
and 3 different equations (see Figures 1 and 2).  

o For stage <= 3.69 ft:  (WF Q) = 4x10-32(h)57.146   [R2 = 0.9817] 
o For stage <= 3.78 ft:  (WF Q) = 75(h) – 266.5   [R2 = 1.0] 
o For stage > 3.78 ft:  (WF Q) = 81.83(h)2 – 589.58(h) + 1076.6  [R2 = 

0.9973] 
o Q = flow (cfs);  h = stage (ft)  

 
South Fork (SF) 

• Data was obtained from the California Department of Water Resources (DWR) or 
the United States Geological Survey (USGS) for the following parameters and 
dates: 

o FLOW:  11/18/00-9/30/02 
o STAGE:  10/1/01-9/30/02; 12/23/03; 12/26/03; 12/29/03 

• A rating curve was developed for the SF for WY 2002.  However, only 3 mean 
daily stage values (above) exist outside the range of dates that have reported flow 
values.  Thus, the rating curve is presently not useful for predicting flows.  
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Missing daily flow values for 10/1/00-11/17/00; and 10/1/02-1/31/04 were 
calculated via a regression analysis with the WF. 

• Flow-Regression (WF vs. SF):  SF flows were predicted using the following 
regression equation (see Figure 3): 

o (SF Q) = 0.3265(WF Q)1.0835   [R2 = 0.9694] 
o note: SF flows <= 0.1 were omitted from the regression 

 
North Fork (NF) 

• Data was obtained from the California Department of Water Resources (DWR) or 
the United States Geological Survey (USGS) for the following parameters and 
dates: 

o FLOW:  10/1/00-9/30/02 
o STAGE:  10/1/01-9/30/02; 12/11/02-2/23/03; 2/26/03-1/31/04 

• A rating curve was developed for the NF for WY 2002.  However, the rating 
curve predicted unusually high summer/base flows for the NF (WY 2003) 
compared to the USGS WF flow data for that same time period.  It was noticed 
that the stage values for the NF in the summer of 2003 were consistently about 1-
foot higher than the stage values in the summer of 2002.  Thus, a change in 
channel geometry likely occurred between these two periods and may account for 
the pronounced discrepancies in the predicted base flow values.  For higher flows 
(ca. above 200 cfs), the rating curved predicted reasonable NF flow values, but it 
cannot be determined at this point what effect a potential change in channel 
geometry has on these predicted NF flow values as well.  For these reasons, the 
rating curve is not being used at this time.   

 
Missing NF daily flow values for 10/1/02-1/31/04 were calculated via a 
regression analysis with the SF.  An initial regression was done for both SF vs. 
NF and WF vs. NF for WY 2001-2002, and the R2 value was slightly better for 
the overall SF vs. NF regression.  Because of distinctly different relationships 
(particularly for the lower flows), or trends (i.e., an obvious shift in the regression 
line and data), for WY 2001 vs. 2002, only WY 2002 was used for the final 
regression equations. 
 

• Flow-Regression (SF vs. NF):  Upon analysis of the data, the regression curve 
was separated into 2 parts and 2 different equations.  NF flows were predicted 
using the following regression equations: 

o For SF stage <= 4.7 ft:  (NF Q) = 1.8361(SF Q) + 7.7646   [R2 = 0.9615] 
o For SF stage > 4.7 ft:  (NF Q) = 3.2334(SF Q)0.8142   [R2 = 0.9533] 
o note: SF flows <= 0.1 were omitted from the regression 
o note: 10/31/01 was omitted from the regression (outlier) 

 
Daily unit runoff values (cfs/mi2) were then calculated for the above 3 tributaries 
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DAILY TRIBUTARY INFLOW: Rockpile, Buckeye, Pepperwood Creeks and remaining 
drainage area. 
 
Unit runoff values (cfs/mi2) were calculated for all 7 tributaries based on field data 
collected by Kamman Hydrology & Engineering, Inc. (KHE) on 9/4/2002, 9/27/2002, 
and 11/1/2002 (see Table A-1-1).  All flow measurements were completed using standard 
flow measurements to the procedures and protocols outlined in: 
 
Rantz, S.E., 1982, Measurement and computation of streamflow, Volume 1. 

Measurement of stage and discharge.  U.S. Geological Survey Water Supply Paper 
2175, 284p. 

 
All flow measurements were completed near the confluence with the main-stem Gualala 
River.  Based upon similarities among unit runoff values for the various tributaries, the 
daily unit runoff values calculated for the 3 tributaries above were used as surrogates in 
order to derive complete flow records (daily time step) throughout the period of analysis 
for the 4 remaining tributaries (below). 
 
Rockpile (RP) 
(RP Q) = (SF q)(RP da) 
where: q = unit runoff (cfs/mi2) 

da = drainage area (mi2) 
 
Buckeye (BU) 
(BU Q) = (WF q)(BU da) 
 
Pepperwood (PW) 
(PW Q) = (NF q)(PW da) 
 
Remaining South Fork (remSF) 
(remSF Q) = (SF q)(remSF da) 
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TABLE A.1.1 
Base Flow Measurements on Select Gualala River Tributaries 

 
 

Location   Q (cfs) Temp (C) Temp (F) Cond. (uS) 
8/16/2002 11.73 19.90 67.82 209.20 
9/4/2002 8.44 20.90 69.62 212.00 

9/27/2002 7.35 16.40 61.52 218.00 
11/1/2002 8.08 12.7 54.86 216.00 

South Fork at 
 Switchville 

          
9/4/2002 3.87 16.30 61.34 189.00 

9/27/2002 3.01 15.60 60.08 188.00 
11/1/2002 3.31 11.30 52.34 190.00 

North Fork 
 USGS gage location 

          
9/4/2002 2.15 16.40 61.52 185.90 

9/27/2002 1.92 15.70 60.26 182.00 
11/1/2002 1.77 12.40 54.32 182.50 

North Fork at 
North Gualala 

Water Company 
Well 5 

          
9/4/2002 3.38 15.70 60.26 194.90 

9/27/2002 3.21 15.10 59.18 193.00 
11/1/2002 2.55 12.50 54.50 194.00 

North Fork at 
Confluence wth 
Little North Fork 

          
9/4/2002 0.17 13.20 55.76 211.50 

9/27/2002 0.21 13.20 55.76 211.50 
11/1/2002 0.17 8.40 47.12 207.10 

Pepperwood Creek 
Near mouth 

          
9/4/2002 0       

9/27/2002 0       
11/1/2002 0       

Rockpile Creek. 

          
9/4/2002 0.59 16.90 62.42 253.80 

9/27/2002 0.64 15.00 59.00 256.00 
11/1/2002 0.98 10.20 50.36 247.90 

Buckeye Creek 

          
9/4/2002 1.04 20.20 68.36 265.70 

9/27/2002 1.24 16.80 62.24 253.00 
11/1/2002 1.61 15.00 59.00 263.50 

Sourth Fork at 
Sea Ranch well 

          
9/4/2002 0       

9/27/2002  0       
11/1/2002  0       

Sourth Fork at 
 USGS gage location 

          
9/4/2002 0.63 20.20 68.36 265.70 

9/27/2002  0       
Wheatfield Fork at 

USGS gage location 
11/1/2002  0       
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APPENDIX A.2 
 

Results of Pebble Count Analysis 
 
Kamman Hydrology & Engineering, Inc. 
 
Pebble counts and grain-size distribution analyses followed the methods outlined in the 
following documents: 
 
 
Bunte, K. and Abt, S.R., 2001, Sampling surface and subsurface particle-size 

distributions in wadable gravel- and cobble-bed streams for analyses in sediment 
transport, hydraulics, and streambed monitoring.  U.S. Department of Agriculture, 
Forest Service, Rocky Mountain Research Station, General Technical Report RMRS-
GTR-74, May. 

 
Kondolf, G.M., 1997, Application of the pebble count: noteson purpose, method, and 

variants.  Journal of the American Water Resources Association, vol. 33, no.1, 
February, pp. 79-87. 

 
 
Grain size distributions are presented on the following graphics.  See report text for 
sample dates and locations. 
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FIGURE A.2.1
Pebble Count Grain-Size Distributions

Gualala Lower RIver and Coastal Lagoon Assessment and Enhancement Plan

Results from September 2002 Sampling
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FIGURE A.2.2
Pebble Count Grain-Size Distributions

Gualala Lower RIver and Coastal Lagoon Assessment and Enhancement Plan
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APPENDIX B 

 

Water Quality 

 



Appendix B-1.  Gualala Water Quality Depth Profile - Mouth of the Estuary - 6/12/02.
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Appendix B-2.  Gualala Water Quality Depth Profile - Tide Guage -6/12/02.
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Appendix B-3.  Gualala Water Quality Depth Profile - China Gulch -  6/12/02.
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Appendix B-4.  Gualala Water Quality Depth Profile - Mill Bend - 6/12/02.
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Appendix B-5.  Gualala Water Quality Depth Profile - Mill Bend - 7/11/02.
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Appendix B-6 Gualala Water Quality Depth Profile  - Above Highway 1 Bridge - 7/11/02.
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Appendix B-7.  Gualala Water Quality Depth Profile - Mill Bend - 8/2/02
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Appendix B-8.  Gualala Water Quality Depth Profile - Mill Bend - 8/13/02
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Appendix B-9.  Gualala Water Quality Depth Profile - Mill Bend - 9/27/02
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Appendix B-10.  Gualala Water Quality Depth Profile - Mill Bend - 10/24/02
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 Appendix B-11.  Gualala Water Quality Depth Profile - Mouth of the Estuary - 11/8/02
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Appendix B-12.  Gualala Water Quality Depth Profile - China Gulch - 11/8/02
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Appendix B-13.  Gualala Water Quality Depth Profile - Mill Bend - 11/8/02
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Appendix B-14.  Gualala Water Quality Depth Profile - Mouth of Estuary - 11/23/02
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Appendix B-15.  Gualala Water Quality Depth Profile - China Gulch - 11/23/02
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Appendix B-16.  Gualala Water Quality Depth Profile - Mill Bend - 11/23/02
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Appendix B-17.  Gualala Water Quality Depth Profile - Mill Bend - 2/18/03
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Appendix B-18.  Gualala Water Quality Depth Profile - Mouth of Estuary - (4/28/03)
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Appendix B-19.  Gualala Water Quality Depth Profile - China Gulch - (4/28/03)
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Appendix B-20.  Gualala Water Quality Depth Profile - Mill Bend - (4/28/03)
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Appendix B-21.  Gualala Water Quality Depth Profile - Above Highway 1 Bridge - (4/28/03)
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Appendix B-22.  Gualala Water Quality Depth Profile - Mouth of Estuary- (5/19/03)
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Appendix B-23.  Gualala Water Quality Depth Profile - Tide Gage - (5/19/03)
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Appendix B-24.  Gualala Water Quality Depth Profile - China Gulch - (5/19/03)
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Appendix B-25.  Gualala Water Quality Depth Profile - Mill Bend - (5/19/03)
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Appendix B-26.  Gualala Water Quality Depth Profile - Above Highway 1 Bridge - (5/19/03)
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Appendix B-27.  Gualala Water Quality Depth Profile - Mouth of Estuary- (06/17/03)
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Appendix B-28.  Gualala Water Quality Depth Profile - Tide Gauge- (06/17/03)
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Appendix B-29.  Gualala Water Quality Depth Profile - China Gulch - (06/17/03)
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Appendix B-30.  Gualala Water Quality Depth Profile - Mill Bend - (06/17/03)
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Appendix B-31.  Gualala Water Quality Depth Profile - Above Highway 1 Bridge - (06/17/03)
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Appendix B-32.  Gualala Water Quality Depth Profile - Mouth of Estuary- (07/22/03)
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Appendix B-33.  Gualala Water Quality Depth Profile - China Gulch - (07/22/03)
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Appendix B-34.  Gualala Water Quality Depth Profile - Mill Bend - (07/22/03)
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Appendix B-35.  Gualala Water Quality Depth Profile - Above Highway 1 Bridge - (07/22/03)
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Appendix B-36.  Gualala Water Quality Depth Profile - Mouth of Estuary - (08/23/03)
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Appendix B-37.  Gualala Water Quality Depth Profile - Mill Bend - (08/23/03)
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Appendix B-38.  Gualala Water Quality Depth Profile - Mouth of Estuary- (9/22/03)

0

2

4

6

8

10

12

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Value

D
ep

th
 (f

t)

Temp  (°C) Conductivity  (µS/cm) / 100 D.O.  (mg/L) pH Salinity (ppt) T.D.S.  (g/L)



Appendix B-39.  Gualala Water Quality Depth Profile - Tide Guage - (9/22/03)
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Appendix B-40.  Gualala Water Quality Depth Profile - China Gulch - (09/22/03)
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Appendix B-41.  Gualala Water Quality Depth Profile - Mill Bend - (9/22/03)
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Appendix B-42.  Gualala Water Quality Depth Profile - Above Highway 1  Bridge - (09/22/03)
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Appendix B-43.  Gualala Water Quality Depth Profile - Mouth of Estuary- (10/27/03)
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Appendix B-44.  Gualala Water Quality Depth Profile - China Gulch - (10/28/03)
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Appendix B-45.  Gualala Water Quality Depth Profile - Mill Bend - (10/28/03)
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Appendix B-46.  Gualala Water Quality Depth Profile - Above Highway 1 Bridge - (10/28/03)
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Appendix B - 47. 2002 Gualala Upper Estuary Daily Mean, Maximum 
and Minimum Temperature for July 13 through October 24, 2002.
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Appendix B - 48.  2002 Gualala River Middle Estuary Daily Mean, Maximum 
and Minimum Temperatures for July 13 through August 12, 2002
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Appendix B - 49.  Gualala River Estuary Mill Bend Daily Mean, Maximum 
and Minimum Temperatures for August 23 through September 21, 2003
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Appendix B - 50.  Gualala Middle Estuary Daily Mean, Maximum and 
Minimum Temperatures from August 23 through September 21, 2003.
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Appendix B-51.  Salinity vs. Distance in the Gualala River Estuary, 2002-2003.

June 17-18, 2002
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Appendix B-51.  (Cont.) Salinity vs. Distance in the Gualala River Estuary, 2002-2003. 

August 12-13, 2002
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Appendix B-51.  (Cont.) Salinity vs. Distance in the Gualala River Estuary, 2002-2003. 

October 21-22, 2002
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Appendix B-51.  (Cont.) Salinity vs. Distance in the Gualala River Estuary, 2002-2003. 

November 26-27, 2002
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Appendix B-51.  (Cont.) Salinity vs. Distance in the Gualala River Estuary, 2002-2003. 

June 17-18, 2003
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Appendix B-51.  (Cont.) Salinity vs. Distance in the Gualala River Estuary, 2002-2003. 

October 27-28, 2003.
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Appendix C-1.1.  Three-Spine Stickleback Length Frequency during June 2002 
Sampling Event for the Lower Gualala Estuary.
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Appendix C-1.2.  Three-Spine Stickleback Length Frequency during June 2002 
Sampling Event for the Middle Gualala Estuary.
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Appendix C-1.3.  Three-Spine Stickleback Length Frequency during June 2002 
Sampling Event for the Upper Gualala Estuary.
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Appendix C-1.4.  Three-Spine Stickleback Length Frequency during July 2002 
Sampling Event for the Lower Gualala Estuary.
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Appendix C-1.5.  Three-Spine Stickleback Length Frequency during July 2002 
Sampling Event for the Middle Gualala Estuary.
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Appendix C-1.6.  Three-Spine Stickleback Length Frequency during July 2002 
Sampling Event for the Upper Gualala Estuary.
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Appendix C-1.7.  Three-Spine Stickleback Length Frequency during August 2002 
Sampling Events for the Lower Gualala Estuary.
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Appendix C-1.8.  Three-Spine Stickleback Length Frequency during August 2002 
Sampling Events for the Middle Gualala Estuary.
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Appendix C-1.9.  Three-Spine Stickleback Length Frequency during August 2002 
Sampling Events for the Upper Gualala Estuary.
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Appendix C-1.10.  Three-Spine Stickleback Length Frequency during September 
2002 Sampling Events for the Lower Gualala Estuary.
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Appendix C-1.11.  Three-Spine Stickleback Length Frequency during September 
2002 Sampling Events for the Middle Gualala Estuary.
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Appendix C-1.12.  Three-Spine Stickleback Length Frequency during September 
2002 Sampling Events for the Upper Gualala Estuary.
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Appendix C-1.13.  Three-Spine Stickleback Length Frequency during October-
November 2002 Sampling Events for the Lower Gualala Estuary.
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Appendix C-1.14.  Three-Spine Stickleback Length Frequency during October-
November 2002 Sampling Events for the Middle Gualala Estuary.
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Appendix C-1.15.  Three-Spine Stickleback Length Frequency during October-
November 2002 Sampling Events for the Upper Gualala Estuary.
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Appendix C-1.17.  Three-Spine Stickleback Length Frequency during February 
2003 Sampling Event for the Middle Gualala Estuary.
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Appendix C-1.16.  Three-Spine Stickleback Length Frequency during February 

2003 Sampling Event for the Lower Gualala Estuary.
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Appendix C-1.18.  Three-Spine Stickleback Length Frequency during February 
2003 Sampling Event for the Upper Gualala Estuary.
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Appendix C-1.20.  Three-Spine Stickleback Length Frequency during May 2003 
Sampling Event for the Middle Gualala Estuary.
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Appendix C-1.19.  Three-Spine Stickleback Length Frequency during May 2003 
Sampling Event for the Lower Gualala Estuary.
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Appendix C-1.22.  Three-Spine Stickleback Length Frequency during June 2003 
Sampling Event for the Middle Gualala Estuary.
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Appendix C-1.21.  Three-Spine Stickleback Length Frequency during June 2003 

Sampling Event for the Lower Gualala Estuary.
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Appendix C-1.23.  Three-Spine Stickleback Length Frequency during June 2003 
Sampling Event for the Upper Gualala Estuary.
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Appendix C-1.25.  Three-Spine Stickleback Length Frequency during July 2003 
Sampling Event for the Middle Gualala Estuary.
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Appendix C-1.24.  Three-Spine Stickleback Length Frequency during July 2003 

Sampling Event for the Lower Gualala Estuary.
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Appendix C-1.26.  Three-Spine Stickleback Length Frequency during July 2003 
Sampling Event for the Upper Gualala Estuary.
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Appendix C-1.28.  Three-Spine Stickleback Length Frequency during August 
2003 Sampling Event for the Upper Gualala Estuary.
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Appendix C-1.27.  Three-Spine Stickleback Length Frequency during August 2003 

Sampling Event for the Lower Gualala Estuary.
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Appendix C-1.29.  Three-Spine Stickleback Length Frequency during September 
2003 Sampling Event for the Lower Gualala Estuary.
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Appendix C-1.30.  Three-Spine Stickleback Length Frequency 
during October 2003 Sampling Event for the Lower Gualala 

Estuary.
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Appendix C-2.1.  Pacific Staghorn Sculpin Length Frequency during June 2002 
Sampling Event for the Lower Gualala Estuary.
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Appendix C-2.2.  Pacific Staghorn Sculpin Length Frequency during July 2002 
Sampling Event for the Lower Gualala Estuary.
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Appendix C-2.3  Pacific Staghorn Sculpin Length Frequency during July 2002 
Sampling Event for the Middle Gualala Estuary.
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Appendix C-2.4.  Pacific Staghorn Sculpin Length Frequency during August 2002 
Sampling Events for the Lower Gualala Estuary.
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Appendix C-2.5.  Pacific Staghorn Sculpin Length Frequency during August 2002 
Sampling Events for the Middle Gualala Estuary.
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Appendix C-2.6.  Pacific Staghorn Sculpin Length Frequency during August 2002 
Sampling Events for the Upper Gualala Estuary.
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Appendix C-2.7.  Pacific Staghorn Sculpin Length Frequency during September 
2002 Sampling Events for the Lower Gualala Estuary.
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Appendix C-2.8.  Pacific Staghorn Sculpin Length Frequency during September 
2002 Sampling Events for the Middle Gualala Estuary.
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Appendix C-2.9.  Pacific Staghorn Sculpin Length Frequency during September 
2002 Sampling Events for the Upper Gualala Estuary.
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Appendix C-2.10.  Pacific Staghorn Sculpin Length Frequency during October-
November 2002 Sampling Events for the Lower Gualala Estuary.
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Appendix  C-2.11.  Pacific Staghorn Sculpin Length Frequency during October-
November 2002 Sampling Events for the Middle Gualala Estuary.

0

5

10

15

20

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140

Length Range, 5mm Size Classes (Upper Limit of Size Class Indicated)

Fr
eq

ue
nc

y

Appendix C-2.12.  Pacific Staghorn Sculpin Length Frequency during October-
November 2002 Sampling Events for the Upper Gualala Estuary.
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Appendix C-2.14.  Pacific Staghorn Sculpin Length Frequency during May 2003 
Sampling Event for the Lower Gualala Estuary.
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Appendix C-2.13.  Pacific Staghorn Sculpin Length Frequency during February 

2003 Sampling Event for the Lower Gualala Estuary.
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Appendix C-2.15.  Pacific Staghorn Sculpin Length Frequency during June 2003 
Sampling Event for the Lower Gualala Estuary.

0

2

4

6

8

10

12

14

16

18

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110

Length Range, 5mm Size Classes (Upper Limit of Size Class Indicated)

Fr
eq

ue
nc

y



APPENDIX C-2

Appendix C-2.17.  Pacific Staghorn Sculpin Length Frequency during June 2003 
Sampling Event for the Upper Gualala Estuary.
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Appendix C-2.16.  Pacific Staghorn Sculpin Length Frequency during June 2003 

Sampling Event for the Middle Gualala Estuary.
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Appendix C-2.18.  Pacific Staghorn Sculpin Length Frequency during July 2003 
Sampling Event for the Lower Gualala Estuary.
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Appendix C-2.20.  Pacific Staghorn Sculpin Length Frequency during August 2003 
Sampling Event for the Lower Gualala Estuary.
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Appendix C-2.19.  Pacific Staghorn Sculpin Length Frequency during July 2003 

Sampling Event for the Middle Gualala Estuary.

0

1

2

3

4

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110

Length Range, 5mm Size Classes (Upper Limit of Size Class Indicated)

Fr
eq

ue
nc

y

Appendix C-2.21.  Pacific Staghorn Sculpin Length Frequency during September 
2003 Sampling Event for the Lower Gualala Estuary.
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APPENDIX C-3

Appendix C-3.1.  Starry Flounder Length Frequency during June 2002 Sampling 
Event for the Lower Gualala Estuary.
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Appendix C-3.2.  Starry Flounder Length Frequency during July 2002 Sampling 
Event for the Lower Gualala Estuary.
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Appendix C-3.3.  Starry Flounder Length Frequency during July 2002 Sampling 
Event for the Middle Gualala Estuary.
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Appendix C-3.4.  Starry Flounder Length Frequency during August 2002 Sampling 
Events for the Lower Gualala Estuary.
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Appendix C-3.5.  Starry Flounder Length Frequency during August 2002 Sampling 
Events for the Middle Gualala Estuary.
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Appendix C-3.6.  Starry Flounder Length Frequency during August 2002 Sampling 
Events for the Upper Gualala Estuary.
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Appendix C-3.7.  Starry Flounder Length Frequency during September 
2002 Sampling Events for the Lower Gualala Estuary.
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Appeindix C-3.8.  Starry Flounder Length Frequency during October-November 
2002 Sampling Events for the Lower Gualala Estuary.
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Appendix C-3.9.  Starry Flounder Length Frequency during October-November 
2002 Sampling Events for the Middle Gualala Estuary.
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Appendix C-3.10.  Starry Flounder Length Frequency during October-November 
2002 Sampling Events for the Upper Gualala Estuary.
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Appendix C-3.12.  Starry Flounder Length Frequency during February 2003 
Sampling Event for the Middle Gualala Estuary.
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Appendix C-3.11.  Starry Flounder Length Frequency during February 2003 

Sampling Event for the Lower Gualala Estuary.

0

1

2

3

4

30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160

Length Range, 5mm Size Classes (Upper Limit of Size Class Indicated)

Fr
eq

ue
nc

y

Appendix C-3.13.  Starry Flounder Length Frequency during May 2003 Sampling 
Event for the Lower Gualala Estuary.
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APPENDIX C-3

Appendix C-3.15.  Starry Flounder Length Frequency during July 2003 Sampling 
Event for the Lower Gualala Estuary.
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Appendix C-3.14.  Starry Flounder Length Frequency during June 2003 Sampling 

Event for the Lower Gualala Estuary.
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Appendix C-3.16.  Starry Flounder Length Frequency during August 2003 
Sampling Event for the Lower Gualala Estuary.
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Appendix C-3.18.  Starry Flounder Length Frequency during September 2003 
Sampling Event for the Middle Gualala Estuary.
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Appendix C-3.17.  Starry Flounder Length Frequency during September 2003 
Sampling Event for the Lower Gualala Estuary.
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Appendix C-3.20.  Starry Flounder Length Frequency during October 2003 
Sampling Event for the Middle Gualala Estuary.
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Appendix C-3.19.  Starry Flounder Length Frequency during October 2003 

Sampling Event for the Lower Gualala Estuary.
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Appendix C-3.21.  Starry Flounder Length Frequency during October 2003 
Sampling Event for the Upper Gualala Estuary.
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Appendix C-4.1.  Coastrange Sculpin Length Frequency during June 2002 Sampling 
Event for the Lower Gualala Estuary.
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Appendix C-4.2.  Coastrange Sculpin Length Frequency during June 2002 Sampling 
Event for the Middle Gualala Estuary.
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Appendix C-4.3.  Coastrange Sculpin Length Frequency during June 2002 Sampling 
Event for the Upper Gualala Estuary.
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Appendix C-4.4.  Coastrange Sculpin Length Frequency during July 2002 Sampling 
Event for the Upper Gualala Estuary.
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Appendix C-4.5.  Coastrange Sculpin Length Frequency during August 2002 
Sampling Events for the Lower Gualala Estuary.
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Appendix C-4.6.  Coastrange Sculpin Length Frequency during August 2002 
Sampling Events for the Middle Gualala Estuary.
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Appendix C-4.7.  Coastrange Sculpin Length Frequency during August 2002 
Sampling Events for the Upper Gualala Estuary.
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Appendix C-4.8.  Coastrange Sculpin Length Frequency during September 2002 
Sampling Events for the Lower Gualala Estuary.
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Appendix C-4.9.  Coastrange Sculpin Length Frequency during September 2002 
Sampling Events for the Middle Gualala Estuary.
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Appendix C-4.11.  Coastrange Sculpin Length Frequency during February 2003 
Sampling Event for the Middle Gualala Estuary.
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Appendix C-4.10.  Coastrange Sculpin Length Frequency during February 2003 

Sampling Event for the Lower Gualala Estuary.
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Appendix C-4.12.  Coastrange Sculpin Length Frequency during February 2003 
Sampling Event for the Upper Gualala Estuary.
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Appendix C-4.14.  Coastrange Sculpin Length Frequency during May 2003 
Sampling Event for the Middle Gualala Estuary.
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Appendix C-4.13.  Coastrange Sculpin Length Frequency during May 2003 

Sampling Event for the Lower Gualala Estuary.
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Appendix C-4.15.  Coastrange Sculpin Length Frequency during June 2003 
Sampling Event for the Upper Gualala Estuary.

0

4

8

12

16

20

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110

Length Range, 5mm Size Classes (Upper Limit of Size Class Indicated)

Fr
eq

ue
nc

y



APPENDIX C-4

Appendix C-4.17.  Coastrange Sculpin Length Frequency during August 2003 
Sampling Event for the Upper Gualala Estuary.
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Appendix C-4.16.  Coastrange Sculpin Length Frequency during August 2003 
Sampling Event for the Lower Gualala Estuary.

0

5

10

15

20

25

30

35

40

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110

Length Range, 5mm Size Classes (Upper Limit of Size Class Indicated)

Fr
eq

ue
nc

y



APPENDIX C-4

Appendix C-4.19.  Coastrange Sculpin Length Frequency during September 2003 
Sampling Event for the Middle Gualala Estuary.
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Appendix C-4.18.  Coastrange Sculpin Length Frequency during September 2003 

Sampling Event for the Lower Gualala Estuary.
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Appendix C-4.20.  Coastrange Sculpin Length Frequency during September 2003 
Sampling Event for the Upper Gualala Estuary.
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Appendix C-4.22.  Coastrange Sculpin Length Frequency during October 2003 
Sampling Event for the Middle Gualala Estuary.
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Appendix C-4.21.  Coastrange Sculpin Length Frequency during October 2003 
Sampling Event for the Lower Gualala Estuary.
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Appendix C-5.1.  Gualala Roach Length Frequency during June 2002 Sampling 
Event for the Middle Gualala Estuary.
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Appendix C-5.2.  Gualala Roach Length Frequency during July 2002 Sampling 
Event for the Middle Gualala Estuary.
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Appendix C-5.3.  Gualala Roach Length Frequency during August 2002 Sampling 
Events for the Lower Gualala Estuary.
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Appendix C-5.4.  Gualala Roach Length Frequency during September 2002 
Sampling Events for the Lower Gualala Estuary.
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Appendix C-5.5.  Gualala Roach Length Frequency during September 2002 
Sampling Events for the Middle Gualala Estuary.
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Appendix C-5.6.  Gualala Roach Length Frequency during October-November 2002 
Sampling Events for the Lower Gualala Estuary.
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Appendix C-5.8.  Gualala Roach Length Frequency during June 2003 Sampling 
Event for the Upper Gualala Estuary.
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Appendix C-5.7.  Gualala Roach Length Frequency during June 2003 Sampling 

Event for the Middle Gualala Estuary.
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Appendix C-5.9.  Gualala Roach Length Frequency during July 2003 Sampling 
Event for the Upper Gualala Estuary.
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Appendix C-5.11.  Gualala Roach Length Frequency during August 2003 Sampling 
Event for the Upper Gualala Estuary.
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Appendix C-5.10.  Gualala Roach Length Frequency during August 2003 Sampling 

Event for the Lower Gualala Estuary.
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Appendix C-5.12.  Gualala Roach Length Frequency during September 2003 
Sampling Event for the Lower Gualala Estuary.
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Appendix C-5.14.  Gualala Roach Length Frequency during October 2003 
Sampling Events for the Lower Gualala Estuary.
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Appendix C-5.13.  Gualala Roach Length Frequency during September 2003 

Sampling Event for the Upper Gualala Estuary.
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Appendix C-5.15.  Gualala Roach Length Frequency during October 2003 
Sampling Events for the Middle Gualala Estuary.
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Appendix C-5.16.  Gualala Roach Length Frequency during October 
2003 Sampling Event for the Upper Gualala Estuary.
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APPENDIX C-6

Appendix C-6.1.  Steelhead Length Frequency during June 2002 Sampling Event for 
the Lower Gualala Estuary.
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Appendix C-6.2.  Steelhead Length Frequency during June 2002 Sampling Event for 
the Middle Gualala Estuary.
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Appendix C-6.3.  Steelhead Length Frequency during June 2002 Sampling Event for 
the Upper Gualala Estuary.
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Appendix C-6.4.  Steelhead Length Frequency during July 2002 Sampling Event for 
the Lower Gualala Estuary.
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Appendix C-6.5.  Steelhead Length Frequency during July 2002 Sampling Event for 
the Middle Gualala Estuary.
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Appendix C-6.6.  Steelhead Length Frequency during July 2002 Sampling Event for 
the Upper Gualala Estuary.
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Appendix C-6.7.  Steelhead Length Frequency during August 2002 Sampling Events 
for the Lower Gualala Estuary.
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Appendix C-6.8.  Steelhead Length Frequency during August 2002 Sampling Events 
for the Middle Gualala Estuary.
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Appendix C-6.9.  Steelhead Length Frequency during August 2002 Sampling Events 
for the Upper Gualala Estuary.
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Appendix C-6.10.  Steelhead Length Frequency during September 2002 Sampling 
Events for the Lower Gualala Estuary.
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Appendix C-6.11.  Steelhead Length Frequency during September 2002 Sampling 
Events for the Middle Gualala Estuary.

0
20
40
60
80

100
120
140
160
180
200
220
240

55 65 75 85 95 105 115 125 135 145 155 165 175 185 195 205 215 225 235

Length Range, 5mm Size Classes (Upper Limit of Size Class Indicated)

Fr
eq

ue
nc

y

Appendix C-6.12.  Steelhead Length Frequency during September 2002 Sampling 
Events for the Upper Gualala Estuary.
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Appendix C-6.13.  Steelhead Length Frequency during October-November 2002 
Sampling Events for the Lower Gualala Estuary.
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Appendix C-6.14.  Steelhead Length Frequency during October-November 2002 
Sampling Events for the Middle Gualala Estuary.
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Appendix C-6.15.  Steelhead Length Frequency during October-November 2002 
Sampling Events for the Upper Gualala Estuary.
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Appendix C-6.16.  Steelhead Length Frequency during February 2003 Sampling 
Event for the Lower Gualala Estuary.
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Appendix C-6.17.  Steelhead Length Frequency during February 2003 Sampling 
Event for the Middle Gualala Estuary.
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Appendix C-6.18.  Steelhead Length Frequency during February 2003 Sampling 
Event for the Upper Gualala Estuary.
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Appendix C-6.19.  Steelhead Length Frequency during May 2003 Sampling Event 
for the Lower Gualala Estuary.
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Appendix C-6.20.  Steelhead Length Frequency during May 2003 Sampling Event 
for the Middle Gualala Estuary.
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Appendix C-6.21.  Steelhead Length Frequency during May 2003 Sampling Event 
for the Upper Gualala Estuary.
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Appendix C-6.22.  Steelhead Length Frequency during June 2003 Sampling Event 
for the Lower Gualala Estuary.
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Appendix C-6.23.  Steelhead Length Frequency during June 2003 Sampling Event 
for the Middle Gualala Estuary.

0

5

10

15

20

25

30

35

30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140

Length Range, 5mm Size Classes (Upper Limit of Size Class Indicated)

Fr
eq

ue
nc

y

Appendix C-6.24.  Steelhead Length Frequency during June 2003 Sampling Event 
for the Upper Gualala Estuary.
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Appendix C-6.25.  Steelhead Length Frequency during July 2003 Sampling Event 
for the Lower Gualala Estuary.
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Appendix C-6.26.  Steelhead Length Frequency during July 2003 Sampling Event 
for the Middle Gualala Estuary.
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Appendix C-6.27.  Steelhead Length Frequency during July 2003 Sampling Event 
for the Upper Gualala Estuary.
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APPENDIX C-6

Appendix C-6.28.  Steelhead Length Frequency during August 2003 Sampling 
Event for the Lower Gualala Estuary.
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Appendix C-6.29.  Steelhead Length Frequency during August 2003 Sampling 
Event for the Middle Gualala Estuary.
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Appendix C-6.30.  Steelhead Length Frequency during August 2003 Sampling 
Event for the Upper Gualala Estuary.
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APPENDIX C-6

Appendix C-6.31.  Steelhead Length Frequency during September 2003 Sampling 
Event for the Lower Gualala Estuary.
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Appendix C-6.32.  Steelhead Length Frequency during September 2003 Sampling 
Event for the Middle Gualala Estuary.
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Appendix C-6.33.  Steelhead Length Frequency during September 2003 Sampling 
Event for the Upper Gualala Estuary.
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APPENDIX C-6

Appendix C-6.34.  Steelhead Length Frequency during October 2003 Sampling 
Events for the Lower Gualala Estuary.
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Appendix C-6.35.  Steelhead Length Frequency during October 2003 Sampling 
Events for the Middle Gualala Estuary.
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Appendix C-6.36.  Steelhead Length Frequency during October 2003 Sampling 
Events for the Upper Gualala Estuary.
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Appendix C-7.1.  Gualala Estuary Project: Age 1+ Steelhead Population Estimates using Jolly-Seber Method, 1st Season.

Date 
Sampling 
Event (t) Captured mt ut nt st Rt Zt α Mt Nt φt λt

June 19-20, 2002 1 41 0 41 41 41 28 na 0.02 0.0 na 1.9 na
July 10-11, 2002 2 221 8 213 221 221 64 20 0.04 76 1,882.3 1.0 12.987869
August 1-2, 2002 3 675 7 668 675 675 184 77 0.01 288 24,366.6 0.7 0.3040607
August 12-13, 2002 4 642 82 560 642 642 182 179 0.13 711 5,507.7 1.3 1.3305726
September 4-6, 2002 5 985 170 815 985 981 126 191 0.17 1647 9,496.0 1.0 1.0062504
September 25-27, 2002 6 749 192 557 749 748 40 125 0.26 2476 9,620.0 0.2 1.0491029
October 21-22, 2002 7 242 72 170 242 242 34 93 0.30 718 2,389.0 0.5 0.9333155
October 24, 2002 8 318 126 192 318 318 0 1 0.40 445 1,117.8 na na
November 26-27, 2002 9 11 1 10 11 11 na na na na na na na

mt = # of marked fish caught in sample t
ut = # of unmarked fish caught in sample t
nt = total # of fish caught in sample t  (nt = mt + ut)
st = # of fish released after sample t (nt - # of accidental deaths)
Rt = # of st fish released at sample t and caught again in some later sample (refer to "Method Table B" below for calculation)
Zt = # of fish marked before sample t, not caught in sample t, but caught in some sample after t (refer to "Method Table B" below for calculation)

at = proportion of animals marked: mt + 1
ατ = proporiton of animals marked: nt + 1

Mt = # of marked fish in the population:     (st + 1)Zt

Rt + 1

Nt = estimated population size before time t: Mt

αt

Method Table B:

1 2 3 4 5 6 7 8 9
Time of Last Capture (event #)

1 - 8 3 10 5 0 2 0 0
2 0 4 18 24 11 5 2 0
3 4 54 65 43 14 7 1
4 6 76 58 19 29 0
5 8 80 16 30 0
6 13 16 24 0
7 1 34 0
8 0 0

Total Marked, mt 0 8 7 82 170 192 72 126 1
Total Unmarked, ut 41 213 668 560 815 557 170 192 10

Total Caught, nt 41 221 675 642 985 749 242 318 11
Total Released, st 41 221 675 642 981 748 242 318 11

= do not use same week recaptures

Example of how to compute Rt and Zt  (for t = 4):

sum of area
R4 = 182
Z4 = 179

φt = probability of survival (ration of number of marked fish at the start of sample t+1 to the number of fish at the end of sample t :

λt = dilution rate; an estimate of the number of fish to the population through birth and immigration : 

αt  = 

Mt  =  + mt

Nt  = 

Time of Capture (t)         (t = sample event #)

φτ =

λt =
Nt+1

φt[Nt - (nt - st)]

Mt+1

Mt + (st - mt)



Appendix C-7.2.  Gualala Estuary Project - 2nd Season: Age 1+ Steelhead Population Estimates using Jolly-Seber Method.

Date 
Sampling 
Event (t) Captured mt ut nt st Rt Zt α Mt Nt φt λt

July 22-23, 2003 13 478 0 478 478 476 3 na 0.002 0 na 0.19 na
August 22-23, 2003 14 460 1 459 460 455 9 2 0.004 92 21,252.1 0.12 2.38
September 23-24, 2003 15 739 7 732 739 724 49 4 0.011 65 6,012.5 0.45 3.09
October 27-28, 2003 16 1,064 44 1,020 1,064 991 28 9 0.042 352 8,327.4 na na
October 30, 2003 17 594 37 557 594 na na na na na na na na

mt = # of marked fish caught in sample t
ut = # of unmarked fish caught in sample t
nt = total # of fish caught in sample t  (nt = mt + ut)
st = # of fish released after sample t (nt - # of accidental deaths)
Rt = # of st fish released at sample t and caught again in some later sample (refer to "Method Table B" below for calculation)
Zt = # of fish marked before sample t, not caught in sample t, but caught in some sample after t (refer to "Method Table B" below for calculation)

at = proportion of animals marked: mt + 1
ατ = proporiton of animals marked: nt + 1

Mt = # of marked fish in the population:     (st + 1)Zt

Rt + 1

Nt = estimated population size before time t: Mt

αt

Method Table B:

13 14 15 16 17
Time of Last Capture (event #)

13 2a 1 0 2 0
14 0 7 2 0
15 2a 40 9
16 11a 28

Total Marked, mt 0 1 7 44 37
Total Unmarked, ut 478 459 732 1,020 557

Total Caught, nt 478 460 739 1,064 594
Total Released, st 476 455 724 991 0

a = recaptured from same sampling event = do not use same week recaptures

Example of how to compute Rt and Zt  (for t = 15):

sum of area
R15 = 49
Z15 = 4

φt = probability of survival (ration of number of marked fish at the start of sample t+1 to the number of fish at the end of sample t :

λt = dilution rate; an estimate of the number of fish to the population through birth and immigration : 

φτ =

λt =
Nt+1

φt[Nt - (nt - st)]

Mt+1

Mt + (st - mt)

Time of Capture (t)         (t = event #)

αt  = 

Mt  =  + mt

Nt  = 

6/29/2004 Gualala Estuary 2002-105: Tables/2nd Season Tables/Appendix C-7 Jolly-Seber Pop Ests 2002 (Age 1+).xls
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Appendix D.  Lower Gualala River and Estuary Benthic Macroinvertebrate Survey Results, July 2002 and May 2003 .

TV FFG EC-510 EC-511 EC-512 Total EC-513 EC-514 EC-515 Total
PHYLUM ARTHROPODA

Class Insecta
Coleoptera (adults)

Dytiscidae 5 p 1 1
Uvarus subtilis 5 p

Elmidae 4 c 3 3
Narpus sp. 4 c 1 1 2
Optioservus sp. 4 g 29 25 69 123 1 1
Rhizelmis nigra 2 g
Zaitzevia sp. 4 c 7 3 10

Coleoptera (Larvae)
Dytiscidae 5 p

Oreodytes sp. 5 p
Elmidae 4 c

Optioservus sp. 4 g 8 15 3 26 2 1 3
Zaitzevia sp. 4 c 3 2 1 6

Eubrianax edwardsi 4 g
Diptera

Ceratopogonidae 6 p
Ceratopogonidae pupa 6 p 3 3

Atrichopogon sp. 6 c
Bezzia sp./ Palpomyia sp. 6 p 7 2 9 1 1
Probezzia sp. 6 p

Chironomidae 6
Chironominae 6 c
Chironominae pupa 6 nf 1 1 1 1

Chironomini 6 c 2 2 4
Tanytarsini 6 c 86 20 26 132 3 10 14 27

Orthocladiinae 5 c 18 3 6 27 6 6
Orthocladiinae pupa 5 nf 6 6 1 1

Krenosmittia sp. 1 c 1 1
Podonominae 6 c 3 1 4
Tanypodinae 7 p 1 9 6 16 4 1 5
Tanypodinae pupa 7 nf 1 1 2

Dolichopodidae 4 p 1 1
Empididae 6 p

Chelifera sp. 6 p 3 3
Dolicocephala sp. 6 p
Hemerodromia sp. 6 p 2 1 3

Simuliidae 6 f
Prosimulium sp. 3 f
Simulium sp. 6 f 8 8

Tanyderidae 1
Protanyderus sp. 1 1 1

Tipulidae 3 s 2 2
Antocha sp. 3 c 2 2
Hexatoma sp. 2 p 1 1 2

Hemiptera
Corixidae 8 p

Sigara sp. 8 p 2 2
Naucoridae 5 p

Ambrysus sp. 5 p 1 1
Sialidae 4 p

Sialis sp. 4 p 1 1

Odonata
Gomphidae 4 p

Ophiogomphus sp. 4 p 1 1 1 1

Ephemeroptera
Baetidae 4 g

Baetis sp. 5 c 16 1 16 33 1 1
Diphetor hageni 5 c 21 50 32 103 2 2
Fallceon quilleri 4 c 3 3

Ephemerellidae 1 c 2 2 2 2
Attenella sp. 2 c 2 7 9
Serratella sp. 2 c 8 21 29

Heptageniidae 4 g 7 20 11 38 3 2 5
Leucrocuta/Nixe sp. 3 g 7 7 2 2

Isonychiidae 2 c
Isonychia velma 2 c 2 3 5

Leptophlebidae 2 c
Paraleptophlebia sp. 4 c 3 3 10 19 29

Upper Reach: RM 2.4 to RM 3.2 Middle Reach : RM 1.6 to RM 2.0

Psephenidae



Appendix D.  Lower Gualala River and Estuary Benthic Macroinvertebrate Survey Results, July 2002 and May 2003 .

TV FFG EC-510 EC-511 EC-512 Total EC-513 EC-514 EC-515 Total

Upper Reach: RM 2.4 to RM 3.2 Middle Reach : RM 1.6 to RM 2.0

Plecoptera
Chloroperlidae 1 p 15 11 26 2 2

Paraperla sp. 0 p 1 1
Suwallia sp. 1 p 6 6

Nemouridae 2 s
Malenka sp. 2 s 1 2 1 4

Perlidae 1 p 2 2
Calineuria californica 2 p 1 6 7

Pteronarcyidae 0 s
Pteronarcys sp. 0 s 1 1

Trichoptera
Glossosomatidae 0 g
Glossosomatidae pupa 0 nf 11 11

Glossosoma sp. 0 g 1 1
Protoptila sp. 1 g 2 12 1 15

Hydropsychidae 4 f 2 2
Cheumatopsyche sp. 5 f 1 1
Hydropsyche sp. 4 f 5 5

Hydroptilidae 4 g
Hydroptilidae pupa 4 nf 5 5

Hydroptila sp. 6 g 2 2
Lepidostomatidae 1 s

Lepidostoma sp. 1 s 10 10 1 1
Rhyacophilidae 0 p

Rhyacophila sp. 0 p 1 1
Sericostomatidae 3 g

Gumaga sp. 3 s 1 1 2 2

Subphylum Chelicerata
Class Arachnoidea

Acari
Hydrodromidae 5 p

Hydrodromia sp. 5 p 4 2 6
Hygrobatidae 5 p

Atractides sp. 8 p 1 4 2 7
Corticacarus sp. 8 p
Hygrobates sp. 8 p 1 1

Lebertiidae 8 p
Lebertia sp. 8 p 6 5 3 14 1 1 2
Scutolebertia sp. 8 p

Limnessidae 5 p
Limnesia sp. 5 p 4 4

Pionidae 5 p
Tiphys sp. 5 p 2 2

Sperchontidae 8 p
Sperchon sp. 8 p 1 1
Sperchonopsis verrucosa 8 p 3 3

Torrenticolidae 5 p
Torrenticola sp. 5 p 19 20 20 59 1 1 1 3

Unioncolidae 5 p
Unionicola sp. 5 p

Undetermined 5 p 3 3

Subphylum Crustacea
Class Malacostraca

Amphipoda
Corophiidae

Corophium sp. 4 c 1 2 1 4 2 7 8 17
Gammaridae 4 c

Gammarus sp. 4 c 4 4 2 8 10

Hyalella azteca 8 c
Isopoda

Sphaeromatidae
Gnorimosphaeroma sp. c 1 94 95 291 282 236 809

Mysidacea
Mysis sp. f 19 19

Class Ostracoda
Ostracoda 8 c

PHYLUM COELENTERATA
Class Hydrozoa

Hydroida
Hyridae

Hydra sp. 5 p

Talitridae



Appendix D.  Lower Gualala River and Estuary Benthic Macroinvertebrate Survey Results, July 2002 and May 2003 .

TV FFG EC-510 EC-511 EC-512 Total EC-513 EC-514 EC-515 Total

Upper Reach: RM 2.4 to RM 3.2 Middle Reach : RM 1.6 to RM 2.0

PHYLUM MOLLUSCA
Class Gastropoda

Prosobranchia
Pleuroceridae 6 g

Juga sp. 7 g 6 38 44 1 1
PHYLUM NEMATODA 5 p 1 1

PHYLUM PLATYHELMINTHES
Class Turbellaria

Tricladida
Planariidae 4 p 2 2 1 1

Polycelis coronata 1 om

Class Oligochaeta 5 c 2 2 1 1

Class Polychaeta
Neredidae

Nereis sp. c
PHYLUM NEMERTEA

Class Enopla
Tertastemmatidae

Prostoma sp. 8 c 2 2
Total 316 329 348 993 310 333 309 952

Abundance Calculation
Extra BMIs 0 4 0 0 0 0
Grids Picked 4 4 5 1 5 1
Total Grids 12 12 32 20 32 8
Estimated Abundance 948.0 999.0 2227.2 4174.2 6200.0 2131.2 2472.0 10803.2

CSBP Metric Calculation
Taxa Richness 43.0 39.0 32.0 69.0 14.0 18.0 17.0 34.0
Percent Dominant Taxon 27.2 15.2 27.0 13.3 93.9 84.7 76.4 85.0
EPT Taxa 16.0 17.0 9.0 27.0 2.0 8.0 2.0 10.0
EPT Index (%) 28.8 45.9 25.3 33.2 1.3 6.9 7.1 5.1
Sensitive EPT Index 11.1 22.5 8.3 13.9 0.0 2.7 0.0 0.9

Ephemeroptera Taxa 6.0 7.0 5.0 9.0 2.0 5.0 2.0 7.0
Plecoptera Taxa 5.0 3.0 3.0 7.0 0.0 1.0 0.0 1.0
Trichoptera Taxa 5.0 7.0 1.0 11.0 0.0 2.0 0.0 2.0
Dipteran Taxa 11.0 8.0 9.0 17.0 2.0 3.0 7.0 8.0
Percent Dipteran 40.8 11.6 16.4 22.6 1.3 4.5 8.1 4.6
Non-Insect Taxa 10.0 9.0 9.0 17.0 7.0 4.0 7.0 10.0
Percent Non-Insect 14.2 29.2 36.2 26.9 96.1 87.7 84.1 89.3
Percent Chironomidae 34.8 10.9 12.6 19.1 1.3 4.5 7.8 4.5
Percent Hydropsychidae 0.0 0.9 0.0 0.3 0.0 0.0 0.0 0.0
Percent Baetidae 11.7 15.5 13.8 13.7 0.3 0.6 1.0 0.6

Shannon Diversity 2.9 3.0 2.5 3.2 0.4 0.8 1.1 0.8

Tolerance Value 4.8 4.1 3.3 4.0 0.3 0.7 1.1 0.7
Percent Intolerant (0-2) 11.1 20.4 8.9 13.4 0.0 1.5 0.3 0.6
Percent Tolerant (8-10) 3.2 3.3 2.0 2.8 0.3 0.0 1.0 0.4

Percent Collectors 57.0 33.1 55.2 48.4 96.1 94.6 95.5 95.4
Percent Filterers 1.6 6.7 2.3 3.5 0.0 0.0 0.0 0.0
Percent Grazers 17.1 35.9 24.1 25.8 2.3 1.5 0.0 1.3
Percent Predators 21.5 16.7 16.1 18.0 1.3 2.7 3.9 2.6
Percent Shredders 1.3 4.0 0.3 1.8 0.0 0.9 0.0 0.3
Total Percentages 98.4 96.4 98.0 97.6 99.7 99.7 99.4 99.6

PHYLUM ANNELIDA



Appendix D.  Lower Gualala River and Estuary Benthic Macroinvertebrate Survey Results, July 2002 and May 2003 .

TV FFG
PHYLUM ARTHROPODA

Class Insecta
Coleoptera (adults)

Dytiscidae 5 p
Uvarus subtilis 5 p

Elmidae 4 c
Narpus sp. 4 c
Optioservus sp. 4 g
Rhizelmis nigra 2 g
Zaitzevia sp. 4 c

Coleoptera (Larvae)
Dytiscidae 5 p

Oreodytes sp. 5 p
Elmidae 4 c

Optioservus sp. 4 g
Zaitzevia sp. 4 c

Eubrianax edwardsi 4 g
Diptera

Ceratopogonidae 6 p
Ceratopogonidae pupa 6 p

Atrichopogon sp. 6 c
Bezzia sp./ Palpomyia sp. 6 p
Probezzia sp. 6 p

Chironomidae 6
Chironominae 6 c
Chironominae pupa 6 nf

Chironomini 6 c
Tanytarsini 6 c

Orthocladiinae 5 c
Orthocladiinae pupa 5 nf

Krenosmittia sp. 1 c
Podonominae 6 c
Tanypodinae 7 p
Tanypodinae pupa 7 nf

Dolichopodidae 4 p
Empididae 6 p

Chelifera sp. 6 p
Dolicocephala sp. 6 p
Hemerodromia sp. 6 p

Simuliidae 6 f
Prosimulium sp. 3 f
Simulium sp. 6 f

Tanyderidae 1
Protanyderus sp. 1

Tipulidae 3 s
Antocha sp. 3 c
Hexatoma sp. 2 p

Hemiptera
Corixidae 8 p

Sigara sp. 8 p
Naucoridae 5 p

Ambrysus sp. 5 p
Sialidae 4 p

Sialis sp. 4 p

Odonata
Gomphidae 4 p

Ophiogomphus sp. 4 p

Ephemeroptera
Baetidae 4 g

Baetis sp. 5 c
Diphetor hageni 5 c
Fallceon quilleri 4 c

Ephemerellidae 1 c
Attenella sp. 2 c
Serratella sp. 2 c

Heptageniidae 4 g
Leucrocuta/Nixe sp. 3 g

Isonychiidae 2 c
Isonychia velma 2 c

Leptophlebidae 2 c
Paraleptophlebia sp. 4 c

Psephenidae

EC-516 EC-517 EC-518 Total EC-110 EC-111 EC-112 Total

4 4 4

1 1

1 5 6

1 1 1 3

1 1 2
4 2 3 9

2 2

1 2 3
9 9

3 3

1 1

1 1
1 1

3 3

Lower Reach: RM 0.4 to RM 1.14 Lower Reach: RM 0.8, May 2003



Appendix D.  Lower Gualala River and Estuary Benthic Macroinvertebrate Survey Results, July 2002 and May 2003 .

TV FFG
Plecoptera

Chloroperlidae 1 p
Paraperla sp. 0 p
Suwallia sp. 1 p

Nemouridae 2 s
Malenka sp. 2 s

Perlidae 1 p
Calineuria californica 2 p

Pteronarcyidae 0 s
Pteronarcys sp. 0 s

Trichoptera
Glossosomatidae 0 g
Glossosomatidae pupa 0 nf

Glossosoma sp. 0 g
Protoptila sp. 1 g

Hydropsychidae 4 f
Cheumatopsyche sp. 5 f
Hydropsyche sp. 4 f

Hydroptilidae 4 g
Hydroptilidae pupa 4 nf

Hydroptila sp. 6 g
Lepidostomatidae 1 s

Lepidostoma sp. 1 s
Rhyacophilidae 0 p

Rhyacophila sp. 0 p
Sericostomatidae 3 g

Gumaga sp. 3 s

Subphylum Chelicerata
Class Arachnoidea

Acari
Hydrodromidae 5 p

Hydrodromia sp. 5 p
Hygrobatidae 5 p

Atractides sp. 8 p
Corticacarus sp. 8 p
Hygrobates sp. 8 p

Lebertiidae 8 p
Lebertia sp. 8 p
Scutolebertia sp. 8 p

Limnessidae 5 p
Limnesia sp. 5 p

Pionidae 5 p
Tiphys sp. 5 p

Sperchontidae 8 p
Sperchon sp. 8 p
Sperchonopsis verrucosa 8 p

Torrenticolidae 5 p
Torrenticola sp. 5 p

Unioncolidae 5 p
Unionicola sp. 5 p

Undetermined 5 p

Subphylum Crustacea
Class Malacostraca

Amphipoda
Corophiidae

Corophium sp. 4 c
Gammaridae 4 c

Gammarus sp. 4 c

Hyalella azteca 8 c
Isopoda

Sphaeromatidae
Gnorimosphaeroma sp. c

Mysidacea
Mysis sp. f

Class Ostracoda
Ostracoda 8 c

PHYLUM COELENTERATA
Class Hydrozoa

Hydroida
Hyridae

Hydra sp. 5 p

Talitridae

EC-516 EC-517 EC-518 Total EC-110 EC-111 EC-112 Total

Lower Reach: RM 0.4 to RM 1.14 Lower Reach: RM 0.8, May 2003

2 2

1 1 1 1 2

2 3 5

1 1

22 1 3 26

50 19 31 100 4 1 5

20 42 20 82

98 78 135 311

228 271 45 544 203 269 184 656

5 5

177 177

1 1



Appendix D.  Lower Gualala River and Estuary Benthic Macroinvertebrate Survey Results, July 2002 and May 2003 .

TV FFG
PHYLUM MOLLUSCA

Class Gastropoda
Prosobranchia

Pleuroceridae 6 g
Juga sp. 7 g

PHYLUM NEMATODA 5 p

PHYLUM PLATYHELMINTHES
Class Turbellaria

Tricladida
Planariidae 4 p

Polycelis coronata 1 om

Class Oligochaeta 5 c

Class Polychaeta
Neredidae

Nereis sp. c
PHYLUM NEMERTEA

Class Enopla
Tertastemmatidae

Prostoma sp. 8 c
Total

Abundance Calculation
Extra BMIs
Grids Picked
Total Grids
Estimated Abundance

CSBP Metric Calculation
Taxa Richness
Percent Dominant Taxon
EPT Taxa
EPT Index (%)
Sensitive EPT Index

Ephemeroptera Taxa
Plecoptera Taxa
Trichoptera Taxa
Dipteran Taxa
Percent Dipteran
Non-Insect Taxa
Percent Non-Insect
Percent Chironomidae
Percent Hydropsychidae
Percent Baetidae

Shannon Diversity

Tolerance Value
Percent Intolerant (0-2)
Percent Tolerant (8-10)

Percent Collectors
Percent Filterers
Percent Grazers
Percent Predators
Percent Shredders
Total Percentages

PHYLUM ANNELIDA

EC-516 EC-517 EC-518 Total EC-110 EC-111 EC-112 Total

Lower Reach: RM 0.4 to RM 1.14 Lower Reach: RM 0.8, May 2003

1 1 4 4

6 1 7 2 2 3 7

337 336 302 975 318 363 326 1007

7 7 0
5 9 7 5 3 1

12 64 48 16 16 8
825.6 2439.1 2070.9 5335.6 1017.6 1936.0 2608.0 5561.6

10.0 7.0 13.0 19.0 9.0 11.0 8.0 15.0
67.7 80.7 58.6 55.8 63.8 74.1 56.4 65.1
0.0 0.0 1.0 1.0 0.0 1.0 0.0 1.0
0.0 0.0 1.0 0.3 0.0 0.6 0.0 0.2
0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.2

0.0 0.0 1.0 1.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 1.0 0.0 1.0
2.0 0.0 2.0 3.0 2.0 2.0 1.0 2.0
0.9 0.0 3.6 1.4 1.6 0.8 0.9 1.1
8.0 7.0 6.0 11.0 5.0 5.0 5.0 7.0

99.1 100.0 92.4 97.3 97.8 96.7 99.4 97.9
0.9 0.0 3.6 1.4 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 1.0 0.3 0.0 0.0 0.0 0.0

1.1 0.7 1.4 1.4 0.9 0.8 0.8 0.9

1.3 0.8 5.9 2.5 2.7 1.9 3.4 2.7
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.3 59.6 18.6 30.8 21.8 41.7 31.1

91.1 99.4 95.0 95.2 97.8 96.1 99.1 97.6
1.5 0.0 0.0 0.5 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.6 1.7 0.3 0.9
7.4 0.6 5.0 4.3 0.3 1.1 0.3 1.0
0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.2

100.0 100.0 100.0 100.0 98.7 99.4 99.7 99.7
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CHAPTER 1
INTRODUCTION

The Gualala River Watershed Technical Support Document (TSD) for Sediment is intended to
guide landowners, land managers, and resource protection agencies in the protection of water
quality in the Gualala River watershed. The primary objective of the Gualala River Watershed
TSD for Sediment is to identify and initially quantify sources of sediment delivery in a way that
allows a relative comparison of those sources and to provide information required for non-point
source implementation and planning. A secondary objective of the Gualala River Watershed
TSD for Sediment is to identify sediment loading allocations that, when implemented, are
expected to result in the attainment of the applicable water quality standards for sediment to
protect beneficial uses.  The key beneficial uses of concern are associated with cold water
fisheries,  particularly the coho salmon (Oncorhynchus kisutch) and steelhead trout
(Oncorhynchus mykiss) fisheries.

In 1996, the National Marine Fisheries Service (NMFS) listed coho salmon in the Northern
California/Southern Oregon Coasts Evolutionarily Significant Unit (ESU) as a threatened species
under the federal Endangered Species Act.  This ESU includes all naturally spawned populations
of coho salmon in coastal streams between Cape Blanco, Oregon, and Punta Gorda, California.
On June 7, 2000, NMFS also listed steelhead trout in the Northern California Evolutionarily
Significant Unit (ESU) as a threatened species. The Northern California ESU includes steelhead
in California coastal river basins from Redwood Creek south to the Gualala River, inclusive.
These listings are results of observed or measured substantial declines in the salmonid
populations over time.

1.1 Technical Source Documents and the Components of a TMDL

A Technical Support Document, or TSD, is a report developed by Regional Water Quality
Control Board, North Coast Region (Regional Water Board), staff which meet federal
requirements for a Total Maximum Daily Load (TMDL), but with no implementation or
monitoring plan and no action on the part of the Regional Water Board or the State Water
Resources Control Board (State Water Board). TSDs have not been through the State Board’s or
Regional Water Board’s public participation and adoption process.  The Gualala River watershed
TSD for Sediment will be transmitted directly to U.S. EPA Region IX upon completion by
Regional Water Board staff.  U.S. EPA will use the TSD to develop a draft Total Maximum
Daily Load (TMDL) for the Gualala River watershed that is publicly noticed for comment.  The
TMDLs prepared by U. S. EPA are sometimes referred to as “technical TMDLs.”

The required components of a TMDL are described in 40 Code of Federal Regulation (CFR)
§130.2 et seq., Section 303(d) of the Clean Water Act, and in various guidance documents (e.g.,
U.S. EPA 1991 “Guidance for Water Quality-based Decisions: The TMDL Process”).
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A TMDL is defined as the sum of the individual waste load allocations (WLAs) for point
sources, load allocations (LAs) for non-point sources, and natural background (NB) loading (40
CFR §130.2). That is,

TMDL = ΣWLAs + ΣLAs + NB

where Σ = the sum, WLAs = waste load allocations, LAs = load allocations, and NB = natural
background loads.  A TMDL must consider seasonal variations and include a margin of safety to
address uncertainty in the analysis.

This TSD includes:
• Problem Statement (section 5.0)
• Source Analysis (section 6.0)
• Loading Capacity Estimate (section 6.5)
• Load Allocation (section 6.6)
• Margin of Safety and Seasonal Variation (sections (6.7)
• Numeric Targets (section 6.8)
• Implementation and Monitoring (section 7.0)
• Public Participation (section 8.0)

A problem statement provides a description of the existing in-stream and upslope watershed
setting and the beneficial use impairments of concern.  This section also includes an introduction
to salmonid life cycles.  It describes the problems associated with sedimentation in the Gualala
River watershed in terms of its impact on the various life cycle stages of salmonids and on the
overall stability of the stream channel.

The source analysis provides an assessment of the relative contributions of sources to the use
impairment (i.e., road, logging, bank erosion, gully erosion) and the extent of needed discharge
reductions or controls.  Per 40 CFR §130.2(i) and §130.7(c)(1), point, non-point, and natural
background sources of pollutants of concern are described, including the magnitude and location
of the sources.  In short, the source analysis section provides a general assessment of the sources
of sediment increases to the Gualala River watershed that are impacting beneficial uses.

The purpose of a loading capacity analysis is to estimate the amount of a pollutant that a
waterbody can receive without violating water quality standards (40 CFR §130.2(f)).  The
loading capacity analysis provides the basis for the amount of upslope and other controls
necessary to attain water quality standards and protect the beneficial uses.

The load allocation results in the assignment of sediment load reduction and/or restoration
responsibility to land use activities in individual assessment areas necessary to attain water
quality standards and protect beneficial uses.  The allocation of responsibility section estimates
source reductions to prevent human-caused releases of sediment that are likely to respond to
mitigation or altered land management practices.  It should be noted that the loading allocations
are prescribed to meet and be protective of water quality objectives in the Gualala River
watershed at the watershed scale.  The attainment of water quality objectives at each site in the
Gualala River watershed requires a site-specific approach, beyond the scope of the loading
allocations prescribed in this document.
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The discussion of the margin of safety summarizes the qualitative and quantitative means by
which the final load allocations account for any uncertainty in the data or data analysis.  The
seasonal variation section summarizes the changes in the discharges of sediment, and their
associated effects on beneficial uses, which may vary in different years and at different times of
the year, and how the variation is addressed in this analysis.

Numeric targets are based on and implement the water quality objectives adopted in the Basin
Plan.  Numeric targets provide indicators of watershed health and express the desired future
condition for each stressor addressed in the TMDL.  The numeric targets section presents the
basis for the proposed numeric targets.  As additional data are developed for the Gualala River
watershed, these targets can be refined to better reflect site-specific conditions within the
watershed.  Further, the numeric targets must be understood as goals, not requirements. They
provide a guidepost to landowners, resource managers and the public by which to determine how
close the TMDL is to re-creating an instream environment suitable to support sustainable
populations of salmonids.  They are not intended to be attained immediately, nor are they
directly enforceable.

A discussion of considerations for the future development of an implementation plan and
monitoring plan is included. A discussion of the public participation opportunities that have
been a part of the development of the TSD is also included.
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CHAPTER 2
GENERAL DESCRIPTION OF THE GUALALA RIVER WATERSHED

2.1 Location and Overview

The Gualala River watershed, located in Northern California, flows into the Pacific Ocean near
the Town of Gualala approximately 114 miles north of San Francisco (U.S. Bureau of
Reclamation 1974) and 17 miles south of Point Arena (see Plate 1).  The Gualala River drains
approximately 299 square miles, or 191,200 acres, of mostly mountainous and rugged terrain in
both Sonoma and Mendocino Counties.  The Mendocino-Sonoma county boundary runs down
the center of the Mainstem Gualala River and through the Rockpile Creek subwatershed.

The Gualala River watershed (Calwater Number 113.8) consists of five principle tributaries (see
Plate 2).  These include the North Fork (113.81), Rockpile Creek (113.82), Buckeye Creek
(113.83), Wheatfield Fork (113.84), and the South Fork (113.85).  The Mainstem Gualala River
runs for approximately three miles from the confluence of the South Fork and North Fork to the
Pacific Ocean.

Subwatershed Area (square miles) Area (acres) % of Watershed
North Fork 48mi2 30,700ac. 16%
Rockpile Creek 35 22,400 12
Buckeye Creek 40 25,800 14
Wheatfield Fork 112 71,500 37
South Fork and Mainstem 64 40,800 21

299 191,200 100

One of the most distinguishing features of the Gualala River watershed is the San Andreas Rift
Zone, which underlies the path of the South Fork and Little North Fork Gualala River.

Elevations in the Gualala watershed range from sea level at the mouth to over 2650 feet along
the ridges and peaks.

The primary population centers in the Gualala River watershed are the towns of Gualala, Sea
Ranch, Stewarts Point, Annapolis, and Plantation.

The Gualala Watershed has few public roads crossing it.  Highway 1 crosses the Mainstem
Gualala River at its estuary just south of the Town of Gualala.  Stewarts Point/Skaggs Springs
Road is a Sonoma County road that connects Stewarts Point on the coast to Lake Sonoma,
running along the Wheatfield Fork and Wolf Creek.  Other public roads include the Annapolis
Road, King Ridge Road in the South Fork subwatershed, and Fish Rock Road, which is a
Mendocino County road that runs along the north boundary of the Gualala River watershed.
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2.2 Climate

The climate in the Gualala River watershed is temperate, especially on the coast, while more
extreme temperatures occur inland.  According to the Fort Ross climate station (located on the
coast), the average annual temperature from 1948 to 2000 is 12.1°C (53.7°F), with an annual
minimum of 7.1°C (44.7°F) and an annual maximum of 17.0°C (62.6°F) (Western Regional
Climate Center, 2000a).  In comparison, inland temperatures range from a low of below freezing
to a high of 26-32°C (80-90°F) (CDFG, 1968).

Throughout the Gualala River watershed more than ninety percent of the annual precipitation
falls between October and April, with the greatest amounts falling in January (EIP, 1994).  The
average annual precipitation recorded at the Fort Ross climate station between 1948 to 2000 is
38.69 inches per year (WRCC, 2000b).  The amount of precipitation recorded at Fort Ross has
varied from 71.27 inches in 1983 to 17.98 inches in 1976 (WRCC 2000a).  Inland precipitation is
higher than at the coast, with an average annual amount of approximately 65 to 70 inches per
year (CDFG, 1968 and EIP Associates, 1994).  Plate 3 shows the estimated average rainfall
distribution throughout the Gualala River watershed.

2.3 Land and Water Use

2.3.1 Logging

The Town of Gualala has always been a mill town (Mendocino County Historical Society, 1965)
and the surrounding forested lands of the Gualala River watershed supported the mills.  Logging
has been an ongoing activity in the watershed since 1862, when harvesting of the old growth
began in the lower portion of the watershed (White Parks, 1980).  The Mendocino County
Historical Society (1965) counted seven mills along the coast near to and including Gualala
between 1862 and 1869, with many more built in 1904. A railroad was built in 1872 and 1873 to
move timber to Bourne’s Landing located approximately 2.5 miles north of the Town of Gualala
(Mendocino County Historical Society, 1965).

Logging activity slowed after 1908 until after World War II when a second logging boom began,
aided by the advent of modern machinery, and fueled by a tax on standing timber.  During the
intervening period, extraction of tan oak bark for use in the leather tanning industry kept workers
in the woods.

Evidence of the post-war logging boom was just beginning to show up in the northern parts of
the watershed when aerial photos were taken in 1952.  For the most part, the photos show mature
stands of trees in the forested areas of the watershed, with very few roads. By 1965, aerial photos
of the watershed show large areas denuded of trees and intensively scarred by roads and skid
trails.  The logging practices of the time had little consideration for water quality and fisheries, as
evidenced by the common practice of using stream channels as roads and landings.  In 1968,
major timber harvesting in the watershed had slowed with active harvesting activities confined to
the selective harvest of relatively small areas of second growth Redwood and Douglas Fir
(CDFG, 1968).
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Forestry is still a major land use today.  Approximately thirty four percent (34%) of the Gualala
River watershed is owned by timber companies (Parish, 1999).  Pioneer Resources owns
approximately 34,000 acres (approximately 18% of the total area of the Gualala River
watershed), formerly owned by Coastal Forestlands, with around 6,000 acres in the North Fork,
9,000 acres in Rockpile Creek, 10,000 acres in Buckeye Creek, and 8,000 acres in other portions
of the Gualala River watershed.  Gualala Redwoods owns approximately 30,000 acres
(approximately 16% of the total area of the Gualala River watershed) distributed across the
mainstem and tributaries of the Gualala River watershed.  Mendocino Redwoods Company owns
approximately 4,500 acres (approximately 2% of the total area of the Gualala River watershed),
formerly owned by Louisiana-Pacific, primarily in the Wheatfield Fork.

2.3.2 Agriculture

Agriculture has also been a significant land use in the Gualala watershed (EIP, 1994).  Orchards
were a significant agricultural activity in the past.  Today, vineyards are beginning to become
more common throughout the watershed and are likely to become more widespread.  In the past,
sheep and cattle ranching were prominent industries.  Today grazing has become less significant.

2.3.3 Gravel Mining

The Gualala River watershed also has a history of instream gravel mining.  The Draft EIR
prepared for Gualala Aggregates, Inc. by EIP Associates (1994) states that instream extraction of
gravel in the 1950s for use on logging roads was probably between 1,000 and 5,000 cubic yards
per year.  In the early 1960s, commercial extraction began and rates rose to approximately
20,000 cubic yards per year.  In the latter half of the 1960s, the construction of residential roads
at The Sea Ranch created an increased demand for aggregate, and rates rose to approximately
40,000 cubic yards per year.  From 1974 to the present, a 40,000 ton per year gravel extraction
limit has been in place for commercial extraction.  Table 2.1 shows annual in-stream gravel
extraction weight and volumes for 1981 through 1993.  Gravel extraction since 1993 has been
below the 40,000 ton per year gravel extraction limit.

Gualala Aggregates, Inc. manages a mining operation at a plant located beside the Gualala River
near the confluence of the Wheatfield Fork and the Upper South Fork.  Gualala Aggregates, Inc.,
which has extracted gravel from the South Fork Gualala River and Wheatfield Fork Gualala
River since 1969, has performed most of their mining on two main gravel bars totaling about 26
acres.  One gravel bar is located at the confluence of the two river forks, while the other is
located 2 miles downstream of the confluence.

Gravel extraction has mainly been through gravel bar skimming.  In the mid-1960s, trenching
was tried but discontinued due to the high amounts of organic material encountered.  Currently,
gravel bar skimming is the method used to mine gravel.
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TABLE 2.1.  GUALALA AGGREGATES INC. INSTREAM GRAVEL EXTRACTION WEIGHT AND
VOLUMES (TAKEN FROM EIP ASSOCIATES, 1994)

Year Gravel Extraction
Approximate Weight

(tons)

Gravel Extraction
Approximate Volume

(cubic yards)
19811 13,000 9,286
19821 20,000 14,286
19831 13,613 9,724
19842 30,408 21,720
19852 36,314 25,939
19862 43,126 30,804
1987 36,138 25,813
1988 27,414 19,581
1989 30,963 22,116
1990 30,017 21,441
19913 56,489 40,349
19923 29,002 20,716
1993 10,291 7,351

Average 28,983 20,702
1 EIP unable to verify
2 Excludes sand and gravel used for construction near the mining site.
3 Includes a new site only in use for 1991 and 1992.

US Geological Survey (USGS) flow gages were located approximately 540 feet and 2,200 feet
downstream of the confluence of the South Fork of the Gualala River and the Wheatfield Fork of
the Gualala River from 1950-1961 and 1962-1971 respectively.  Gage height data indicate:

• 1.5 feet of aggradation occurred from 1950 to 1960 when extraction rates were
approximately 1,000 to 5,000 cubic yards/year (EIP Associates, 1994).

• 1.0 feet of degradation occurred from 1960 to 1964 when extraction rates were
approximately 20,000 cubic yards/year (EIP Associates, 1994).

• 0.75 feet of degradation occurred from 1964 to 1971 when extraction rates were
approximately 40,000 cubic yards/year (EIP Associates, 1994).

Given the limited gage height data available, the impact of gravel mining on channel
aggradation/degradation cannot be determined.

Observations in other rivers in Sonoma County have shown that in-stream gravel bar skimming
may be responsible for a change in channel cross-section towards a more flattened bar form with
relatively shallower pools (EIP Associates, 1994).  Cross-sectional data is available in the
Gualala Aggregates Draft EIR (EIP Associates, 1994).  Cross-sectional is not adequate to
indicate whether a change in cross-section to a more flattened channel bar has taken place in the
vicinity of Gualala Aggregates mining operation.
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2.3.4 Water Rights

The appropriation of water in California falls under the jurisdiction of the State Water Board,
Division of Water Rights.

Appropriative water rights exist for a total of 2,162 acre-feet/year (af/y) of water from the
Gualala River watershed, at a maximum diversion rate of 7.2 cubic feet per second (cfs)
(WRIMS 2000).  Although municipal use is the dominant water use in the watershed, other uses
of diverted water include stockwatering, irrigation, and fire protection.

Because the watershed is sparsely populated, riparian extraction in the watershed is minimal
(Sommerstrom 1992).  The potential peak demand from this use and additional future riparian
uses in the watershed was estimated to be 2.5 cfs (EIP 1994).

The North Gualala Water Company (NGWC) received an appropriative permit to divert water
from the North Fork Gualala in 1964 which allows the extraction of 2 cfs on a year round basis.
The NGWC served 902 hook-ups in 1995 and was limited to a maximum of 1034 hook-ups
(Higgins 1997 and WRIMS 2000).

In November 1999, the State Water Board stipulated that when the natural flow in the North
Fork of the Gualala falls below the minimum requirements of 4 cfs, the NGWC would be
prohibited from diverting any water from the North Fork (SWRCB, 1999).  In August 2000, the
State Water Board ruled that this order applied to both surface water diversions and two NGWC
groundwater wells that had been previously found to fall under the State Water Board’s
jurisdiction (SWRCB, 2000).

The Sea Ranch once drew surface water from the South Fork Gualala by using a summer dam,
but they currently draw water from the aquifer below the lower South Fork Gualala and have
augmented storage with an off-site reservoir (Higgins, 1997).  The Sea Ranch’s water right from
the State Water Board allows for a maximum extraction of 2.8 cfs, although the maximum
diversion in 1994 was 0.56 cfs (EIP, 1994).

Other water users in the Gualala River watershed include agriculture and rural development.  As
stated in the Gualala River Watershed Literature Search and Assimilation (Higgins, 1997):

“While agricultural water use in the Gualala River watershed has been very low in the
past, wineries are now being developed in some areas.  These wineries may have a direct
impact on tributary flow if surface water is used.  If wells are drilled in upland areas, and
if the aquifer is joined to headwater springs, flows in some tributaries could be affected.
EIP Associates (1994) projected that development of vacation homes or residences could
result in use of up to 2.5 cfs for the entire basin.”

Current low flow constraints in the Gualala River would most likely prohibit future additional
appropriative water allocations; however, greater use of the rights allocated to the Sea Ranch is
expected in the future (EIP, 1994).
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2.4 Geology

The Gaulala River watershed is typical of watersheds in “The California Coast Ranges between
San Francisco and the Oregon border [which] contain the most rapidly eroding, large-order, non-
glaciated drainage basins of comparable size in the United States (Judson and Ritter, 1964).  The
combination of the underlying pervasively sheared and often folded Franciscan rocks (Bailey et.
al., 1964), recent uplift, and a distinctive climate accounts for the large sediment yields” (Kelsey
et. al. 1981).

Plate 4 illustrates the distribution of the types of geologic formations found in the Gualala River
watershed.

2.4.1 Soils

Soil types within the Gualala River watershed are varied.  The predominate soil is the Hugo-
Josephine-Laughlin Association which occurs inland.  The Hugo-Josephine-Laughlin
Association is well-drained with gently sloping to very steep gravely loams (Miller 1972).
Loams are soils consisting of a friable mixture of clay, silt, and sand.  The soils of this
association are formed in material derived from weathered, fine-grained, hard sandstone and
shale (Miller 1972).  Hugo and Josephine soils are the best in Sonoma County for commercial
timber production.  Laughlin soils are used extensively as range and pasture (Miller 1972).

According to the Soil Survey of Sonoma County (Miller 1972), the Empire-Caspar-Mendocino
Association is a well-drained and moderately well-drained soil that consists of strongly sloping
sandy loams and sandy clay loams.  These soils are found in the coastal uplands and terraces that
run parallel to the coast.

Soils of the Yorkville-Suther Association are found in patches in the upper areas of Wolf Creek,
a tributary to Wheatfield Fork, and Marshall Creek, a tributary to the South Fork.  These soils are
moderately well drained with moderately sloping to very steep loams and clay loams (Miller
1972).  The Yorkville-Suther Association is found on ultrabasic rock intrusions, other igneous
rock, and on sedimentary rock.  Yorkville and Suther soils are used primarily for pasture and
range (Miller 1972).

2.4.2 Faults

One of the most striking geomorphic features of the landscape is the San Andreas Rift, an active
fault that traverses the Gualala River watershed, running directly under the South Fork and Little
North Fork of the Gualala River.  “. . . The San Andreas fault zone has formed the 1 to 1.5 mile
wide rift valley along which the Garcia and Gualala Rivers flow” (Williams and Bedrossian
1976).  The Gualala Ridge, an elongate, forested, northwestward trending ridge, forms the
drainage divide between the short streams that flow directly westward to the ocean and the rift
valley containing the South Fork Gualala River (Williams and Bedrossian 1976).

According to Geology for Planning in Sonoma County (Knox and Huffman 1980), many other
faults are located within the Gualala River watershed, although none besides the San Andreas
Fault is known to be active.  One such fault runs from the mouth of Buckeye Creek under the
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length of Miller Ridge.  Several other smaller faults are found in the highly fractured areas of
Skyline Ridge, Table Mountain, and Mohrhardt Ridge.  The Mount Jackson Fault cuts through
the eastern Gualala River watershed on a northwestward trend paralleling the coast
approximately ten miles inland.

2.4.3 Alluvium

Alluvial Terrace Deposits (Qrt) are found along most of the watercourses of the Gualala River
watershed.  This surficial formation consists of poorly consolidated flat-lying deposits of silt,
sand, and gravel elevated above present streams and rivers (Davenport 1984).  Within the
channel itself, Stream/River Channel Deposits (Qsc) are found.  Consisting of silt, sand, and
gravel, these deposits are characteristically unvegetated (Davenport 1984).  Marine Terrace
Deposits (Qmtd) are also found at the mouth of the Gualala River.  These deposits are poorly to
moderately consolidated deposits of marine silts, sands, and quartz-rich pea gravels (Davenport
1984).

2.4.4 Bedrock

2.4.4.1  Bedrock West of the San Andreas Fault

Bedrock west of the San Andreas Fault consists of sedimentary sandstone, mudstone, shale, and
conglomerate (Williams and Bedrossian 1976). In many places, these units , are interfingered
and very difficult to distinguish from each other on the basis of appearance.  The German
Rancho Formation (Tg) can be found on the slopes on the west side of the San Andreas Fault.
This formation is composed of well-bedded sandstone, mudstone, and conglomerate and contains
abundant potassium feldspar (Knox and Huffman, 1980).  Also present west of the San Andreas
Fault are minor amounts of the Anchor Bay Formation (Ka) and the Stewarts Point Formation
(Ks and Ksb) (Knox and Huffman 1980).

2.4.4.2  Bedrock East of the San Andreas Fault

Bedrock east of the San Andreas Fault is almost entirely composed of the heterogeneous
Franciscan assemblage, of Late Jurassic through Cretaceous age.  One sub-unit of the Franciscan
assemblage is the Coastal Belt Franciscan, the youngest and least sheared and broken sub-unit,
which contains mostly sandstone.  Generally, slopes are steep, as they are underlain by hard
rock.  Debris slides are common.  The Coast Belt of the Franciscan Complex is the predominant
formation east of the San Andreas Fault and is found extensively in each of the sub-watersheds
(Knox and Huffman, 1980 and McKittrick 1995).

The Central Belt of the Franciscan Assemblage is the most unstable sub-unit.  The Central Belt
melange unit is characterized by grassy and brushy slopes and contains a huge expanse of
sheared rock which forms the matrix that envelopes rock blocks of various sizes and types,
including sandstone, shale, blue schist, metavolcanic, amphibolite, and sepentinite (Huffman
1972).  The Central Belt of the Franciscan Assemblage is found in the Gualala River watershed
in ribbons that run parallel to the coast.  These ribbons can be found in the eastern portions of the
North Fork, Rockpile Creek, and Buckeye Creek subwatersheds (Knox and Huffman 1980 and
McKittrick 1995).  Another ribbon runs from the mouth of Buckeye Creek, under Miller Ridge,
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and along Marshall Creek.  The Central Belt of the Franciscan Assemblage becomes more
prominent in the area between House and Pepperwood Creeks of the Wheatfield Fork and
Marshall Creek of the South Fork subwatershed (Knox and Huffman 1980).

Scattered throughout the Gualala River watershed are patches of the Ohlson Ranch Formation,
which is composed of sandstone, siltstone, and conglomerate (Knox and Huffman, 1980). These
patches are most often located on ridges and upland slopes near the coast.  Several of the larger
patches of the Ohlson Ranch Formation are found around Annapolis and along Miller Ridge
(Knox and Huffman, 1980).

2.5 Hydrology

The Mainstem Gualala River flows from the confluence of the South Fork and North Fork to the
Pacific Ocean.  This reach is greatly influenced by seasonal closures of the river mouth, which
typically occur in early summer and last until the first heavy rains of October or November,
although it may also close briefly during the winter months (CDFG 1968 and EIP 1994).

The USGS historically operated five stream flow gaging stations in the Gualala River watershed
(Table 2.2).  Two were located on an unnamed tributary to the Wheatfield Fork near Annapolis,
Stations 11467298 and 11467300, with drainage areas of 0.33mi2 and 0.19mi2, respectively.
Station 11467500, named “South Fork Gualala River Near Annapolis, CA” drains an area of 161
mi2.  Station 11467510 named “South Fork Gualala River Near The Sea Ranch, CA” is located
in close proximity to Station 11467500, and has only recent, low flow records from June 1991 to
August 1993.

The “South Fork Gualala River Near Annapolis, CA” gage (Station 11467500) installed and
maintained by the USGS between 1950 to 1971 monitored a drainage area of 161mi2 and
provides the most accurate flow data available.  However, the length of this hydrologic record is
only twenty years, and may be somewhat wetter or drier than long-terms conditions at the site
(Higgins 1997).  Additional data is available for 1991 through 1994 for this station, however,
flows above 1,000 cfs are not available.
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TABLE 2.2.  HISTORICAL STREAMFLOW GAGES OPERATED BY THE USGS

Station
Number

Station Name Period of
Record

Drainage
Area (sq. mi)

Data Type

11467298 Unnamed Tributary 1 to
Wheatfield Fork Gualala River
Near Annapolis

10/70 – 9/73 0.33 Peak flow

11467300 Unnamed Tributary 2 to
Wheatfield Fork Gualala River
Near Annapolis

10/61 – 9/70 0.19 Peak flow

11467500 South Fork Gualala River Near
Annapolis

10/50 – 9/71
6/91 – 6/94

161 Continuous
record
(after 6/91 no
record above
1,000 cfs)

11467510 South Fork Gualala River Near
the Sea Ranch

6/91 – 12/91
5/92 – 8/93

161 Continuous
record

11467300 China Gulch at Gualala, CA 10/61 – 9/73 0.54 Peak flow

A summary of the continuous discharge data was provided by EIP Associates (1994).  Mean
monthly streamflows are presented in Table 2.3.  The maximum instantaneous peak streamflow
at the gage during the period of record was measured at 55,000 cfs on December 22, 1955.

TABLE 2.3.  GUALALA MEAN MONTHLY AND MAXIMUM YEARLY PEAK STREAM FLOW VALUES

Mean Monthly Flow, 1951-1971*
South Fork Gualala River at USGS Gage

11467500

Largest Peak Flows, 1951-1971*
South Fork Gualala River at USGS Gage 11467500

Month Mean Flow/Discharge
(cfs)

Water Year
(Oct. – Sept.)

Peak Flow/Discharge
(cfs)

January 1,471 1956 55,000
February 1,159 1965 47,800

March 626 1962 37,700
April 410 1954 35,900
May 117 1970 35,800
June 37 1958 35,400
July 13 1951 34,100

August 7 1953 33,900
September 10 1960 33,700

October 77 1952 29,500
November 245 1969 29,100
December 1,026 1967 28,900

1971 27,900
* from EIP 1994

Boccone and Rowser (1977) measured flows in the lower portions of the Gualala River during
the drought period of 1976-77.  Their results, as summarized by Higgins (1997), recorded a total
low flow of 12.4 cfs in the Mainstem of the Gualala River.  Of this flow, 3 cfs was contributed
by the Wheatfield Fork and Upper South Fork, and 4.3 cfs by the North Fork, with the remaining
approximately 5 cfs draining from Pepperwood, Buckeye, and Rockpile Creeks.
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2.6 Vegetation

Plate 4 illustrates the distribution of the types of vegetation found in the Gualala River
watershed.  Generally speaking, the headwaters area of the South Fork and Wheatfield Fork
subwatersheds are characterized by steep slopes forested by redwood, Douglas fir, madrone, and
tan oak.  Open grasslands are also interspersed throughout the headwaters of the North Fork,
Rockpile Creek, Buckeye Creek, and Wheatfield Fork subwatersheds (CDFG 1968).  Streamside
vegetation consists primarily of red alder, California laurel, and redwood.  Dense stands of
redwood and some fir and hardwoods occur to within one quarter mile of the coast.  A very
narrow coastal prairie strip is present near the mouth and along the coast (CDFG 1968).

2.6.1 Fire History of the Gualala River watershed

The California Department of Forestry (CDF) and the United States Department of Agriculture
(USDA) Forest Service have developed a comprehensive fire perimeter Graphical Information
System (GIS) layer throughout the state.  The data covers the period of 1950 to 1999, and
includes CDF fires 300 acres and greater, and USFS fires 10 acres and greater.

Although CDF acknowledges that the database is incomplete, and the intensities of the fires
listed are unknown, two general observations can be made from the fire perimeter GIS layer in
the Gualala watershed:

1) Most of the documented acreage in the database burned in the period between 1950 and 1959
(Figure 2.1).  This coincided with perhaps the peak rate of timber harvest in the watershed
and may have exacerbated the effects of timber harvest activities on sediment loading to the
streams.

2) Two areas in the headwaters of the South Fork Gualala and Wheatfield Fork tributaries
burned repeatedly during the last fifty years; the habitat of these tributaries may have been
severely impacted by increased sediment loading.
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FIGURE 2.1.  ACREAGE BURNED BY WILDFIRES IN THE GUALALA RIVER WATERSHED (1940-1999).
(SOURCE: CALIFORNIA DEPARTMENT OF FORESTRY FIRE HISTORY DATABASE)

The relative lack of recent fire activity in the watershed may increase the possibility of
catastrophic fire and associated massive sediment release in the near future. The Gualala River
Watershed Council (GRWC) plans in the near future (fall 2001) to develop fuels management
strategies for fire protection (Timothy Osmer, pers. communication, 2001).
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CHAPTER 3
REGULATORY FRAMEWORK

The following laws and regulations can be divided into two categories.  Laws such as the Clean
Water Act (CWA), the Porter-Cologne Water Quality Control Act, and the Endangered Species
Act are included in the first category because they lay the groundwork for TSD and TMDL
development and establish legal authority.  Laws such as the Z’Berg-Nejedly Forest Practice
Act, the California Environmental Quality Act, and the Non-Point Source Program Strategy and
Implementation Plan are included in the second category because they regulate land use
management and are therefore applicable to the Gualala River watershed.

3.1 Clean Water Act

The TMDL program is required by Section 303(d)(1)(A) of the CWA that states, “Each State
shall identify those waters within its boundaries for which the effluent limitations . . . are not
stringent enough to implement any water quality standard applicable to such waters.”  The same
part of the CWA also requires that the State “establish a priority ranking for such waters, taking
into account the severity of the pollution and the uses to be made of such waters.”  In accordance
with Section 303(d)(1)(A), the Regional Water Board adopted, through Resolution No. 98-45 on
April 23, 1998, a priority list of waters within the North Coast Region in which water quality
standards are not being met.  The Gualala River is included on that list based on the finding that
sedimentation is, in part, responsible for the impairment of the cold water fisheries.  Section
303(d)(1)(C) of the CWA requires that “Each State shall establish for the waters identified in
paragraph (1)(A) of this subsection, and in accordance with the priority ranking, the total
maximum daily  load . . .”

Pursuant to a Consent Decree entered in the United States District Court, Northern District of
California (Pacific Coast Federation of Fishermen’s Associations, et al. v. Marcus, No. 95-4474
MHP, March 11, 1997), the U.S. EPA committed to assuring that TMDLs would be established
for eighteen rivers by December 31, 2007.  Pursuant to the Consent Decree, the U.S. EPA
developed a Supplemental TMDL Establishment Schedule, which set December 31, 2001, as the
deadline for the establishment of a TMDL for the Gualala River.

This Gualala River watershed TSD is intended to meet federal requirements for a TMDL, but
contains no implementation or monitoring plan and no action on the part of the Regional or State
Board. TSDs have not been through the Regional Water Board’s or State Water Board’s public
participation and adoption process.  The Gualala River watershed TSD for sediment will be
transmitted directly to U.S. EPA upon completion by Regional Water Board staff.  U.S. EPA
uses the TSD to develop a draft Total Maximum Daily Load (TMDL) for the Gualala River
watershed that is publicly noticed for comment.
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3.2 Porter-Cologne Water Quality Control Act and The Water Quality Control Plan,
            North Coast Region (Basin Plan)

Existing water quality requirements are described in the Basin Plan, which is the tool for
comprehensive water quality planning as set forth in both California’s Porter-Cologne Water
Quality Control Act and the federal Clean Water Act.  The North Coast Region includes all of
the watersheds draining into the Pacific Ocean from the California-Oregon state line to the
southern boundary of the watershed of the Estero de San Antonio and Stemple Creek in Marin
and Sonoma Counties.  It also includes the Lower Klamath Lake and Lost River Basins.  The
Basin Plan is comprehensive in scope and is regularly updated through Basin Plan amendments
to ensure that new information and issues are adequately addressed.

Among other things, the Basin Plan describes the existing and potential beneficial uses of the
surface and ground waters in each of the watersheds throughout the North Coast Region.  It also
identifies both numeric and narrative water quality objectives, the attainment of which is
considered essential to protect the identified beneficial uses.  The Gualala River is impaired and
does not meet the Basin Plan’s water quality objectives for sediment.  Development and
implementation of a TMDL is one means of attaining water quality objectives and protecting
beneficial uses in the Gualala River.

The Basin Plan also includes implementation plans that describe the means by which specific
water quality issues will be addressed by the Regional Water Board, including specific
prohibitions, action plans, and policies.  The implementation plans associated with TMDLs are
established under the authority of the Porter-Cologne Water Quality Control Act through the
Basin Plan process amendment process.

3.2.1 Beneficial Uses

The Basin Plan identifies the following existing beneficial uses of water in the Gualala River
watershed:

• Municipal and Domestic Supply (MUN)
• Agricultural Supply (AGR)
• Industrial Service Supply (IND)
• Recreational Uses (REC-1 & REC-2)
• Commercial and Sport Fishing (COMM)
• Cold Freshwater Habitat (COLD)
• Migration of Aquatic Organisms (MIGR)
• Spawning, Reproduction, and/or Early Development (SPWN)
• Estuarine Habitat (EST)
• Wildlife Habitat (WILD)
• Groundwater Recharge (GWR)
• Navigation (NAV)

The beneficial uses identified above as COMM, COLD, MIGR, SPWN, and EST are all related
to the Gualala River watershed’s cold water fisheries.  Beneficial uses associated with the cold
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water fisheries appear to be the most sensitive in the watershed.  As such, protection of these
beneficial uses is presumed to protect any of the other beneficial uses that might also be harmed
by sedimentation.

The COMM beneficial use applies to water bodies in which commercial or sport fishing occurs
or historically occurred for the collection of fish, shellfish, or other organisms, including, but not
limited to, the collection of organisms intended either for human consumption or bait purposes.
The COLD beneficial use applies to water bodies that support or historically supported cold
water ecosystems, including, but not limited to, the preservation or enhancement of aquatic
habitats, vegetation, fish, or wildlife, including invertebrates.  The MIGR beneficial use applies
to water bodies that support or historically supported the habitats necessary for migration or
other temporary activities by aquatic organisms, such as anadromous fish.  The SPWN beneficial
use applies to water bodies that support or historically supported high quality aquatic habitats
suitable for the reproduction and early development of fish.  The EST beneficial use applies to
water bodies that support or historically supported estuarine ecosystems, including, but not
limited to, the preservation or enhancement of estuarine habitats, vegetation, fish, shellfish, or
wildlife (e.g., estuarine mammals, waterfowl, shorebirds).

3.2.2 Water Quality Objectives

The Porter-Cologne Water Quality Control Act, Chapter 4, Section 13241 specifies that each
regional board shall establish water quality objectives which, in the regional board’s judgment,
are necessary for the reasonable protection of the beneficial uses and for the prevention of
nuisances.  The water quality objectives are considered to be necessary to protect those present
and probably future beneficial uses stated above and to protect existing high quality waters of the
state.  As new information becomes available, the Regional Water Board will review the
appropriateness of existing and proposed water quality objectives and amend the Basin Plan
accordingly.

The following is a summary of water quality objectives for the Gualala River watershed
according to the Basin Plan, as amended in 1996.

TABLE 3.1.  NARRATIVE WATER QUALITY OBJECTIVES

Objective Description
Color Waters shall be free of coloration that causes nuisance or adversely

affects beneficial uses.
Tastes and Odors Waters shall not contain taste- or odor-producing substances in

concentrations that impart undesirable tastes or odors to fish flesh or
other edible products of aquatic origin, or that cause nuisance or
adversely affect beneficial uses.
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Objective Description
Floating Material Waters shall not contain floating material, including solids, liquids,

foams, and scum, in concentrations that cause nuisance or adversely
affect beneficial uses.

Suspended Material Waters shall not contain suspended material in concentrations that cause
nuisance or adversely affect beneficial uses.

Settleable Material Waters shall not contain substances in concentrations that result in
deposition of material that causes nuisance or adversely affect beneficial
uses.

Oil and Grease Waters shall not contain oils, greases, waxes, or other materials in
concentrations that result in a visible film or coating on the surface of the
water or on objects in the water, that cause nuisance, or that otherwise
adversely affect beneficial uses.

Biostimulatory
Substance

Waters shall not contain biostimulatory substances in concentrations that
promote aquatic growths to the extent that such growths cause nuisance
or adversely affect beneficial uses.

Sediment The suspended sediment load and suspended sediment discharge rate of
surface water shall not be altered in such a manner as to cause nuisance
or adversely affect beneficial uses.

Temperature The natural receiving water temperature of intrastate waters shall not be
altered unless it can be demonstrated to the satisfaction of the Regional
Water Board that such alteration in temperature does not adversely affect
beneficial uses.  At no time or place shall the temperature of any COLD
water be increased by more than 5°F above natural receiving water
temperature.

Toxicity All waters shall be maintained free of toxic substances in concentrations
that are toxic to, or that produce detrimental physiological responses in
human, plant, animal, or aquatic life.

Pesticides No individual pesticide or combination of pesticides shall be present in
concentrations that adversely affect beneficial uses.  There shall be no
bioaccumulation of pesticide concentrations found in bottom sediments
or aquatic life.

Chemical
Constituents

Waters designated for use as agricultural supply (AGR) shall not contain
concentrations of chemical constituents in amounts which adversely
affect such beneficial uses.

Radioactivity Radionuclides shall not be present in concentrations which are
deleterious to human, plant, animal or aquatic life nor which result in the
accumulation of radionuclides in the food web to an extent which
presents a hazard to human, plant, animal, or indigenous aquatic life.
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TABLE 3.2.  NUMERIC WATER QUALITY OBJECTIVES

Objective Description
Turbidity Turbidity shall not be increased more than 20 percent above naturally

occurring background levels.
pH The pH of waters shall always fall within the range of 6.5 to 8.5.
Dissolved Oxygen At a minimum, waters shall contain 7.0 mg/L at all times. Ninety percent

of the samples collected in any year must contain at least 7.5 mg/L.  Fifty
percent of the monthly means in any calendar year shall contain at least
10.0 mg/L.

Bacteria The bacteriological quality of waters of the North Coast Region shall not
be degraded beyond natural background levels.  Based on a minimum of
not less than five samples for any 30-day period, the median fecal
coliform  concentrations in waters designated for contact recreation
(REC-1) shall not exceed 50/100 ml.  Nor shall more than ten percent of
total samples during any 30-day period exceed 400/100 ml.

Specific
Conductance

Ninety percent of the samples collected in any year must not exceed 285
micromhos at 77°F.  Fifty percent of the monthly means in any calendar
year shall contain at least 250 micromhos at 77°F.

Total Dissolved
Solids

Ninety percent of the samples collected in any year must not exceed 170
mg/L.  Fifty percent of the monthly means in any calendar year shall
contain at least 150 mg/L.

3.2.3 Prohibitions

In addition to water quality objectives, the Basin Plan includes two discharge prohibitions
specifically applicable to logging, construction, and other associated non-point source activities.
The prohibitions state:

• The discharge of soil, silt, bark, slash, sawdust, or other organic and earthen material from
any logging, construction, or associated activity of whatever nature into any stream or
watercourse in the basin in quantities deleterious to fish, wildlife, or other beneficial uses is
prohibited.

• The placing or disposal of soil, silt, bark, slash, sawdust, or other organic and earthen
material from any logging, construction, or associated activity of whatever nature at locations
where such material could pass into any stream or watercourse in the basin in quantities
which could be deleterious to fish, wildlife, or other beneficial uses is prohibited.

3.3 Endangered Species Act

Originally passed in 1973, the Endangered Species Act (at 16 U.S.C. section 1531 et seq.; ESA)
is a federal law that provides for the designation and protection of invertebrates, wildlife, fish,
and plant species that are in danger of becoming extinct and their habitats.  The ESA makes it
illegal for any individual to take an endangered or threatened species without a permit from the
Secretary of the Department of the Interior or the Department of Commerce.  An endangered
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species is any species that is in danger of becoming extinct throughout all or a significant portion
of its range, excluding recognized insect pests.  A threatened species is one that is likely to
become endangered in the foreseeable future. For a species to receive the full protection
accorded by the ESA, the species must be placed on the List of Endangered and Threatened
Wildlife and Plants.  As resources are not available to immediately add all species that are in
danger of extinction to that list, another list is maintained for candidate species.  Candidate
species are plants and animals native to the United States for which there is sufficient
information on biological vulnerability and threats to justify proposing to add them to the
threatened and endangered species list, but cannot do so immediately because other species have
a higher priority for listing.

The Fish and Wildlife Service under the U.S. Department of the Interior performs most
administrative and regulatory actions under the ESA.  The National Marine Fisheries Service
(NMFS) in the U.S. Department of Commerce deals with actions affecting marine species,
including salmonids.

The listing process generally begins with a petition to the Secretary of the Interior or the
Secretary of Commerce.  Consultation with affected states is required prior to listing, but the
Secretary makes the final decision.  Whenever possible, a designation of critical habitat
accompanies the listing of an endangered or threatened species.  Critical habitat is the specific
areas within the geographical area occupied by the species, at the time it is listed in accordance
with the provisions of 16 USC §1533, on which are found those physical or biological features
essential to the conservation of the species and which may require special management
considerations or protection.  An area may also be designated as critical habitat if the Secretary
feels it is essential for conservation of the species.  Critical habitat shall not include the entire
geographical area which can be occupied by the threatened or endangered species except in those
circumstances determined by the Secretary.  The Secretary must publish and periodically update
the lists and develop and implement recovery plans for the conservation and survival of
endangered and threatened species.

On May 6, 1997, the NMFS listed coho salmon in the Northern California/Southern Oregon
Coasts Evolutionarily Significant Unit (ESU) as a threatened species (50 CFR §227).  This ESU
includes all naturally spawned populations of coho salmon in coastal streams between Cape
Blanco, Oregon, and Punta Gorda, California.  On June 7, 2000, NMFS also listed steelhead
trout in the Northern California Evolutionarily Significant Unit (ESU) as a threatened species (50
CFR §223). The Northern California ESU includes steelhead in California coastal river basins
from Redwood Creek south to the Gualala River, inclusive.  These listings are results of
observed substantial declines in the salmonid populations over time and provide evidence that
the beneficial uses as described in the Basin Plan are not being protected.
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3.4 Z’Berg-Nejedly Forest Practice Act & the California Forest Practice Rules

The Z’Berg-Nejedly Forest Practice Act of 1973 (Forest Practice Act) is a state law to “. . .
encourage prudent and responsible forest resource management calculated to serve the public’s
need for timber and other forest products, while giving consideration to the public’s need for
watershed protection, fisheries and wildlife, and recreational opportunities alike in this and future
generations” (Pub. Res. Code §4511(c)).  The California Forest Practice Rules implements the
Forest Practice Act of 1973 “in a manner consistent with other laws, including but not limited to,
the Timberland Productivity Act of 1982, the California Environmental Quality Act (CEQA) of
1970, the Porter Cologne Water Quality Act, and the California Endangered Species Act” (14
CCR §896(a)).  Specifically, the Forest Practice Rules:

. . . shall apply to the conduct of timber operations and shall include, but shall not be
limited to, measures for fire prevention and control, for soil erosion control, for site
preparation that involves disturbance of soil or burning of vegetation following timber
harvesting activities conducted after January 1, 1988, for water quality and watershed
control, for flood control, for stocking, for protection against timber operations which
unnecessarily destroy young timber growth or timber productivity of the soil, for
prevention and control of damage by forest insects, pests, and disease, for the protection
of natural and scenic qualities in special treatment areas . . .,  and for the preparation of
timber harvesting plans (Pub. Res. Code §4551.5).

3.4.1 Timber Harvest Plans

One of the main mechanisms used by the California Department of Forestry (CDF) to implement
the Forest Practice Rules is through Timber Harvesting Plan (THP) requirements.  As the Forest
Practice Act states, “No person shall conduct timber operations unless a timber harvesting plan
prepared by a registered professional forester has been submitted for such operations . . .” (Pub.
Res. Code §4581). “Timber harvesting plans shall be applicable to a specific piece of property or
properties and shall be based upon such characteristics of the property as vegetation type, soil
stability, topography, geology, climate, and stream characteristics” (Pub. Res. Code §4582.5).
The THP approval process is a certified regulatory program (the functional equivalent of an
Environmental Impact Report) under CEQA.

Both the Forest Practice Act and the Forest Practice Rules set out technical requirements for a
Timber Harvesting Plan.  Once CDF receives a THP, copies are made available for public review
and copies are sent to the appropriate regional  water board and the Department of Fish and
Game for comments and recommendations per section 4582.6(a) of the Forest Practice Act.
These comments “. . . shall be considered based on the comments’ substance, and specificity, and
in relation to the commenting agencies’ area(s) of expertise and statutory mandate, as well as the
level of documentation, explanation or other support provided with the comments” (14 CCR
§1037.3).  In addition, “the board of supervisors or planning commission of any county... may
request a public hearing on any timber harvesting plan submitted for lands within the county ...”
(Pub. Res. Code §4582.6(d)).

If it is determined that the THP is not in conformance with the Forest Practice Rules, the plan
shall be returned to the applicant.  “In addition the Director shall state any changes and
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reasonable conditions that in the Director’s professional judgment are needed to bring the plan
into conformance with the applicable rules of the Board and offer to confer with the RPF
[Registered Professional Forester] in order to reach agreement on the conditions necessary to
bring the plan into conformance” (14 CCR §1037.6). However, “If the plan is in conformance
with the rules of the Board, then the person submitting the plan shall be notified, and timber
operation thereunder may commence” (14 CCR §1037.7).  The Forest Practice Rules state that
“Protection of the quality and beneficial uses of water during the planning, review, and conduct
of timber operations shall comply with all applicable legal requirements including those set forth
in any applicable water quality control plan adopted or approved by the State Water Resources
Control Board.”  (14 CCR §916, 936, 956)

A THP is effective for not more than three years, unless work on a THP has commenced but not
completed.  In that case, the THP may be extended by amendment for a one-year period in order
to complete the work, up to a maximum of two one-year extensions (Pub. Res. Code
§4590(a)(1), (2)).  Stocking work may continue for more than this time period, “. . . but shall be
completed within five years after the conclusion of other work” (Pub. Res. Code §2590(b)).

3.4.2 Sustained Yield Plans

Another mechanism used by CDF to implement the California Forest Practice Rules is through a
Sustained Yield Plan, or SYP.  “Consistent with the protection of soil, water, air, fish and
wildlife resources, a SYP shall clearly demonstrate how the submitter will achieve maximum
sustained production of high quality timber products while giving consideration to regional
economic vitality and employment at planned harvest levels during the planning horizon” (14
CCR 1091.4.5(a)).  Although there is no maximum size area that a SYP can apply to, a Sustained
Yield Plan shall at least encompass a planning watershed (14 CCR §1091.6(a)).  In addition,
“The effective period of SYPs shall be no more than ten years” (14 CCR §1091.9).

While a SYP focuses on sustained timber production, watershed impacts, and fish and wildlife,
the SYP is not designed to replace a Timber Harvesting Plan.  “However, to the extent that
sustained timber production, watershed impacts and fish and wildlife issues are addressed in the
approved SYP, these issues shall be considered to be addressed in the THP; that is the THP may
rely upon the SYP” (14 CCR 1091.3).

The Forest Practice Act can be found in the California Public Resources Code, Division 4, Part
2, Chapter 8.  The California Forest Practice Rules can be found in Title 14 of the California
Code of Regulations, Chapter 4 and 4.5.  For inquires regarding the Forest Practice Act or the
California Forest Practice Rules, please contact the California Department of Forestry and Fire
Protection.  The Gualala River watershed is a part of the Coast Forest District, which runs from
the Oregon border to Santa Cruz County.
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3.5 California Environmental Quality Act

CEQA (at Pub. Res. Code section 21000 et seq.) was enacted in 1970 in order to ensure that state
and local agencies consider the environmental impact of their decisions when approving or
carrying out a public or private project.  CEQA is the broadest of California’s environmental
laws as it applies to all discretionary activities proposed to be carried out or approved by a public
agency.  CEQA is a component of the regulatory framework that influences land use regulations
within the Gualala River watershed, and is therefore included in the Gualala River TSD.

The CEQA process begins with the identification of a project.  Projects are activities which will
potentially have a physical impact on the environment, directly or indirectly, such as an activity
involving a public agency’s issuance of a lease, permit, license, certificate, or other entitlement
for use by a public agency (14 CCR §15378).  CEQA requires a public agency approving or
carrying out a project to complete an environmental review process to evaluate the
environmental impacts of a project prior to approving or carrying out the project.

Once a lead agency has been established and project status is determined, the next step is to
decide if a project is exempt from CEQA.  Statutory exemptions from CEQA include, but are not
limited to, ministerial projects or when a State of Emergency has been declared by the governor.
Categorical exemptions include, but are not limited to, basic data collection, research,
experimental management, and resource evaluation activities (14 CCR §15306).  A third
category, Certified Regulatory Programs, also fall as exempt from CEQA.  Certified Regulatory
Programs, however, must still contain elements of CEQA’s environmental review process.
If a project is not exempt, the next step is to perform an Initial Study to identify potential
environmental impacts of the project.  The Initial Study may use a checklist format but must
disclose the factual data or evidence used to reach conclusions regarding the significance of
potential impacts.  The Initial Study leads to a determination of the need for one of the following
documents:

• Negative Declaration – A Negative Declaration is a written statement briefly explaining why
a proposed project will not have a significant environmental effect.

• Mitigated Negative Declaration –A Mitigated Negative Declaration is a written statement
describing project revisions that will mitigate potential significant impacts (14 CCR
§15070(b)(1)).

• Environmental Impact Report (EIR) – An EIR is a detailed informational document prepared
by a lead agency that analyzes a project’s significant effects and identifies mitigation
measures and reasonable alternatives (14 CCR §15121, 15362).

The California Environmental Quality Act can be found in the California Public Resources Code,
Division 13, beginning at Section 21000.  The Guidelines for Implementation of the California
Environmental Quality Act can be found in Title 14 of the California Code of Regulations,
Chapter 3, beginning with Section 15000.
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3.6 Non-Point Source Program Strategy and Implementation Plan, 1998-2013

The Non-Point Source Program Strategy and Implementation Plan, 1998-2013 (Non-Point
Source Plan), was adopted by the State Water Board and California Coast Commission on
December 14, 1999 and January 11, 2000, respectively, and approved by the U.S. Environmental
Protection Agency and the National Oceanic and Atmospheric Administration on July 17, 2000.

The purpose of the Non-Point Source Plan is to improve the State’s ability to effectively manage
non-point source pollution and conform to the requirements of the federal Clean Water Act and
the federal Coastal Zone Act Reauthorization Amendments of 1990 (CZARA).  Specifically,
Section 319 of the Clean Water Act requires each state to develop a statewide non-point source
plan containing specified components, including management measures to control non-point
source pollution.  Section 6217 of CZARA requires each coastal state to develop and implement
management measures to control non-point source pollution in coastal areas.

The first Non-Point Source Plan was developed in 1988 in order to meet the requirements of
Section 319 of the CWA.  However, with the passage of CZARA in 1990, the state decided to
propose a statewide plan that would meet both statutes.

The current Non-Point Source Plan outlines a fifteen year strategy for gradually limiting non-
point source pollution throughout California.  The Non-Point Source Plan outlines how federal,
state, and local agencies will identify the most urgent needs for non-point source controls, and
will utilize their authority under existing laws to implement non-point source controls.  This
includes sixty-one Management Measures (MMs) that are to be implemented by 2013.  The
MMs are divided into categories for agriculture, forestry, urban areas, marinas and recreational
boating, hydromodification, and wetlands and riparian areas.  Some examples of individual MMs
are listed below:

• Under the Agriculture category, develop numeric nutrient criteria and standards for heavy
metals in organic and inorganic fertilizers by 2003 (MM 1C).

• Under the Agriculture category, develop TMDLs that include rangeland load allocations for
the Humboldt and Garcia River watersheds along the North Coast by 2003 (MM 1E).

• Under MM 1A, Erosion and Sediment Control, in the Agriculture category, promote
interagency coordination to improve information transfer and to provide a singular agency
perspective in the Russian, Gualala, Garcia, and Navarro Rivers.

• Under MM 1A, Erosion and Sediment Control, in the Agriculture category, promote hillside
vineyard management practices to reduce erosion/sedimentation and improve riparian
function and fish habitat in the Russian, Gualala, Garcia, and Navarro Rivers.

• Under the Forestry category, plan silvicultural activities to reduce potential delivery of
pollutants to surface waters (MM 2A).

• Under the Forestry category, conduct road construction/reconstruction so as to reduce
sediment generation and delivery (MM 2C).

• Under the Urban Area category, mitigate the impacts of urban runoff and associated
pollutants that result from new development or redevelopment (MM 3.1).

• Under the Urban Area category, provide financial, technical, and educational assistance to
help ensure that on-site disposal systems are located, designed, installed, operated, inspected,
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and maintained to prevent the discharge of pollutants onto surface water and into ground
water (MM 3.4)

• Under the Urban Area category, implement educational programs to provide greater
understanding of watersheds (MM 3.6A).

• Under the Marina and Recreational Boating category, site and design marinas to protect
against adverse impacts on fish and shellfish, aquatic vegetation, and important locally, State,
or federally designated habitat areas (MM 4.1C).

• Under the Hydromodification category, by the year 2002, develop a technical assistance
manual that will assist local governments and small businesses with guidelines for designing
projects to avoid wetlands and riparian areas (MM 5.1).

The Non-Point Source Plan relies on a so-called “three tier” approach toward implementation.
Tier One is a self-determined approach which allows property owners and others to implement
Best Management Practices (BMPs) that they have determined to be appropriate for solving their
non-point source problems before more stringent regulatory actions are taken.  Tier Two is the
regulatory-based encouragement of management practices.  For example, the Regional Water
Board can waive waste discharge requirements on the condition that management measures or
best management practices be implemented.  Tier Three is full oversight by a regulatory agency.
In this case, a regional board would impose waste discharge requirements or issue a cease and
desist order or a cleanup and abatement order.
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CHAPTER 4
INTRODUCTION TO SALMONIDS

Salmonids are fish species in the family Salmonidae, including salmon, trout and char (Meehan,
1991).  There are both anadromous and nonanadromous salmonids.  Nonanadromous fish are
those that mature and spawn in freshwater, such as rainbow trout.  Anadromous fish are those
that mature in the ocean but spawn in freshwater. Anadromous fish of interest in the Gualala
River watershed include: coho salmon (Oncorhynchus kisutch), steelhead trout (Oncorhynchus
mykiss), the anadromous variety of rainbow trout.  Chinook salmon (Oncorhynchus tshawytscha)
are not found in the Gualala River, although populations are established  both  north and south of
the Gualala River watershed.  The California Coastal Chinook Salmon Evolutionarily Significant
Unit (ESU), as defined by NMFS and stated in 65 CFR §32, includes Humboldt Bay, Redwood
Creek, and the Mad, Eel, Mattole, and Russian Rivers.

The life cycle of salmonids can be broken into seven distinct life cycle stages, each with its own
specific set of environmental requirements.  The life cycle requirements are well understood for
some life cycle stages and not as well understood for others.  Much of what is known about some
life cycle stages (e.g., spawning, incubation, and emergence) is gathered from laboratory tests.
Other knowledge is gathered from field studies and observations.

The typical life cycle of anadromous salmonids includes the following stages, as described by
Meehan  (1991):

• Adult females and males migrate to fresh water spawning grounds.  The timing of migration
depends on the species.

• The female builds several redds (gravel nest) and lays eggs in them over which the male
ejects his milt, or sperm.

• The fertilized eggs (embryos) hatch from the eggs as alevins in 1-3 months.  The alevins
emerge with yolk sacs and reside in the interstices of the gravel until they are ready to feed
on macroinvertebrates in the water column.

• The alevins emerge from the gravel as fry in 1-5 months, generally in the spring or summer.
• The juvenile fish remain in fresh water for a few days to 4 years, depending on the species

and locality.
• The juvenile fish undergo “smoltification” then migrate to the ocean as smolts, generally in

the spring or early summer.  Smoltification is a process of physical change that allows a
freshwater fish to survive in a saline environment.

• The smolt resides and grows in the ocean for 1-4 years before returning to its natal stream for
spawning.

Steelhead trout do not always die after spawning, although Pacific salmon do.
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Coho Salmon

In September 1995, the NMFS published a report entitled “Status Review of Coho Salmon from
Washington, Oregon, and California” (Weitkamp et al., 1995).    The following is taken from the
NMFS report.

From central British Columbia south, the vast majority of coho salmon adults are 3-year-olds,
having spent approximately 18 months in fresh water and 18 months in salt water (as cited in
Weitkamp et al. 1995: Gilbert, 1912; Pritchard, 1940; Marr, 1943; Briggs, 1953; Shapovalov and
Taft, 1954; Foerster, 1955; Milne, 1957; Salo and Bayliff, 1958; Loeffel and Wendler, 1968; and
Wright, 1970).  The primary exception to this pattern are “jacks,” sexually mature males that
return to freshwater to spawn after only five to seven months in the ocean. As cited in the NMFS
report, Drucker (1972) suggested that there is a latitudinal cline in the proportion of jacks in a
coho salmon population, with populations in California having more jacks and those in British
Columbia having almost none.  Although the production of jacks is a heritable trait in coho
salmon (as cited in Weitkamp et al. 1995: Iwamoto et al., 1984), it is also strongly influenced by
environmental factors (as cited in Weitkamp et al., 1995: Shapovalov and Taft, 1954; and
Silverstein and Hershberger, 1992).  The proportion of jacks in a given coho salmon population
appears to be highly variable and may range from less than 6% to over 43% (as cited in
Weitkamp et al., 1995: Shapovalov and Taft, 1954; Fraser et al., 1983; and Cramer and Cramer,
1994).

Most west coast coho salmon enter rivers in October in response to increased freshwater
outflows to the ocean and spawn from November to December and occasionally into January.
However, coho salmon on the Mendocino Coast, including the Gualala River watershed,
generally enter freshwater much later, in late December or January, and spawn immediately
afterwards, probably in response to later peak river flows of limited duration.  Consequently,
Mendocino Coastal fish spend little time between river entry and spawning, while northern
stocks may spend one or two months in fresh water before spawning (as cited in Weitkamp et al.
1995: Flint and Zillges, 1980 and Fraser et al., 1983).

According to Weldon Jones (1994, referenced in Weitkamp et al., 1995), smolt outmigration
occurs in the Navarro River watershed from late February to June.  In 1964 and 1968, Graves
and Burns (1970, as cited in Weitkamp et al., 1995) measured mean smolt size in Caspar Creek
as 92 mm length with a range of 83-95 mm.  No other smolt size measurements for watersheds in
the Mendocino Coast Hydrologic Unit are reported.

Coho salmon spawning escapement in California (including the Gualala River watershed)
apparently ranged between 200,000 and 500,000 adults per year in the 1940s (Brown et al. 1994,
as cited in Weitkamp et al., 1995).  By the mid-1960s, statewide spawning escapement was
estimated to have fallen to about 100,000 fish per year (as cited in Weitkamp et al. 1995: CDFG,
1965 and California Advisory Committee on Salmon and Steelhead Trout, 1988), followed by a
further decline to about 30,000 fish in the mid-1980s (Wahle and Pearson, 1987, as cited in
Weitkamp et al., 1995).  This is a decline from the 1940s to the 1960s of 50-80% and from the
1960s to 1980s of 70% for a total decline from the 1940s to the 1980s of 85-94%.  From 1987 to
1991, spawning escapement averaged about 31,000, with hatchery populations making up 57%
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of this total (as cited in Weitkamp et al., 1995: Brown et al., 1994).  Without the influence of
hatcheries, the total decline from the 1940s to the early 1990s would have been from 93-97%.

 Specifically addressing the population abundance in the ESU that encompasses the Mendocino
Coast watersheds, including the Gualala, Weitkamp (Weitkamp et al., 1995) reported that the
West Coast Biological Review Team unanimously agreed that “…natural populations of coho
salmon in this ESU are presently in danger of extinction. The chief reasons for this assessment
were extremely low current abundance, especially compared to historical abundance, widespread
local extinctions, clear downward trends in abundance, extensive habitat degradation and
associated decreased carrying capacity, and a long history of artificial propagation with the use
of non-native stocks. In addition, recent droughts and current ocean conditions may have further
reduced run sizes.”1

Higgins et al. (1992, referenced in Weitkamp et al.,1995) has evaluated coho salmon population
trends and assesses their status as “at high risk of extinction” in the Gualala River watershed.  In
December 1996, NMFS listed the coho salmon in the Central California Coast Evolutionarily
Significant Unit (ESU) as a threatened species, i.e., they are likely to become endangered in the
foreseeable future.  The Central California Coast ESU includes the coastal river basins from
Santa Cruz in the south to the borders of the Eel River watershed in the north.

Steelhead Trout

In August 1996, NMFS published a report entitled “Status Review of West Coast Steelhead from
Washington, Idaho, Oregon, and California” (Busby et al., 1996).  The following is taken from
the NMFS report.

Oncorhynchus mykiss is considered by many to have the greatest diversity of life history patterns
of any Pacific salmonid species (as cited in Busby et al., 1996: Shapovalov and Taft, 1954
Barnhart, 1986), including varying degrees of anadromy, differences in reproductive biology,
and plasticity of life history between generations.

Biologically, steelhead can be divided into two basic reproductive ecotypes, based on the state of
sexual maturity at the time of river entry and duration of spawning migration (as cited in Busby
et al., 1996: Burgner et al., 1992).  The stream-maturing type (commonly known as summer
steelhead in the Pacific Northwest and northern California) enters fresh water in a sexually
immature condition and requires several months to mature and spawn.  The ocean-maturing type
(winter steelhead) enters fresh water with well-developed gonads and spawns shortly thereafter.
It appears that the summer steelhead occur where habitat is not fully utilized by winter steelhead;
summer steelhead usually spawn farther upstream than winter steelhead (as cited in Busby et al.,
1996: Withler, 1966; Roelofs, 1983; Behnke, 1992).  Where the two types co-occur, they are
often separated by a seasonal hydrologic barrier, such as a waterfall.  Coastal streams, such as
the Gualala River watershed, are dominated by winter steelhead.

In the 1960s, a total of 65,000 steelhead trout are estimated to have existed in the Mendocino
Coast Hydrologic Unit (e.g., 9,000 from the Ten Mile, 8,000 from the Noyo, 12,000 from the

                                                
1 Weitkamp et al. 1995, page vi.
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Big, 16,000 from the Navarro, 4,000 from the Garcia and 16,000 from the Gualala).  No current
estimates are given.

Based in part on this data, steelhead trout in the Northern California ESU were listed by NMFS
in March 1998 as a candidate species and as a proposed threatened species on February 11, 2000.
The Northern California ESU includes steelhead in coastal river basins from the Gualala River
north to Redwood Creek, inclusive.

4.1 Salmonid Habitat Requirements in Freshwater Streams

The abundance of juvenile salmon, trout and char in streams is a function of many factors,
including abundance of newly emerged fry, quantity and quality of suitable habitat, abundance
and composition of food, and interactions with other fish, birds, and mammals.  Changes in
spawning abundance and variation in the success of incubation and emergence affect the number
of young fish entering a stream.  Density-independent environmental factors (e.g., amount of
suitable habitat, quality of cover, productivity of the stream, and certain types of predation) set
an upper limit on the abundance of juveniles, and the population is held to that level by
interactions that function in a density-dependent fashion (competition and some types of
predation).  Temperature, productivity, suitable space, and water quality (turbidity, dissolved
oxygen, etc.) are examples of variables that regulate the general distribution and abundance of
fish within a stream or drainage.  All of the general factors must be within suitable ranges for
salmonids during the time they use a stream segment; otherwise there will be no fish present.

Table 4.1 identifies the seven life cycle stages common to each of the salmonid species of
concern.  It also identifies potential impacts to salmonids at each life cycle stage.  Finally, it lists
some of the potential sources of the impacts named.  Note that salmonids can be impacted by
both natural and anthropogenic factors.
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TABLE 4.1.  SEDIMENT RELATED IMPACTS TO SALMONIDS

Salmonid life cycle stages and potential impacts to them
Life Cycle
Stage

Potential Impacts Potential Sources of Impact

Migration • Stop or impede access of adult
fish to spawning grounds

• Stop or impede access of fry to
adequate shelter and food

• Stop or impede access of
juveniles to the estuary and/or
ocean

• Physical harm

• Low flow conditions
• Sediment deltas or bars
• Log or debris jams
• Water supply dams
• Poorly engineered or maintained road

crossings (e.g., shotgun culverts)
• Over-fishing
• Predation

Spawning • Absence of or reduction in
appropriate substrate sizes

• Substrate embedded or
substantially embedded by fine
sediment

• Mass wasting, including debris flows
and stream bank failures

• Gully erosion
• Sheet and rill erosion
• Drought
• Loss or substantial loss of sediment

storage capacity (e.g., removal or
reduction in the availability of large
woody debris)

Incubation • Scouring or movement of redds
• Suffocation or substantial

entombment of redds

• Spring freshets
• Elevated peak flows
• Physical disturbance
• Fine sediment delivery and/or

remobilization
Emergence • Substrate embedded or

substantially embedded by fine
sediment

• Fine sediment delivery and/or
remobilization

Winter
Rearing

• Absence of or decline in off-
channel habitat

• Absence of or decline in
instream shelter (e.g., large
woody debris)

• Elevated peak flows
• Increased stream flow velocities

• Disconnection of stream channel from
floodplain

• Removal or reduction of large woody
debris and other structural elements in
the stream channel

• Modification of upslope hydrology
(e.g.,  compacted soils, expanded
surface drainage system, reduction in
vegetation transpiration rate)

Ocean
Rearing

• Physical harm
• Absence of or decline in food

supplies
• Alteration of water

temperatures

• Over fishing
• Predation
• Disease
• Pollution
• Climatic changes (e.g., greenhouse

warming)
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4.1.1 Sediment & Related Salmonid Requirements

Substrate
The redd construction process reduces the amount of fine sediments and organic matter in the
pockets where eggs are deposited (as cited in Meehan, 1991: McNeil and Ahnell, 1964; Ringler
1970; Everest et al., 1987).  If fine sediments are being transported in a stream either as bedload
or in suspension, some of them are likely to be deposited in the redd.  Tappel and Bjornn (1983)
relate percent embryo survival to percentage of fines <6.35 mm in diameter (Table 4.2).
Chinook salmon survival decreases to 75% when the percentage of fines <6.35 mm reaches
about 35%.  It decreases to 50% when the percentage of fines <6.35 mm reaches about 40%.
Steelhead trout survival decreases to 75% when the percentage of fines <6.35 mm reaches about
30%.  It decreases to 50% when the percentage of fines <6.35 mm reaches about 40%.  No
relationship was reported for coho salmon.

TABLE 4.2.  PERCENT FINES AND SALMONID EMBRYO SURVIVAL

Relationship of Percent Fines to Embryo Survival
Species % Fines < 6.35mm % Embryo Survival

35% 75%
40% 50%

Chinook

30% 75%
40% 50%

Steelhead

Newly emerged fry can occupy the voids of substrate made up of 2-5 cm diameter rocks, but
larger fish need cobble and boulder-size (>7.5 cm diameter) substrates in order to occupy the
voids.  The summer or winter carrying capacity of the stream for fish declines when fine
sediments fill the interstitial spaces of the substrate.  In a laboratory stream experiment, Crouse
et al. (1981) found that production (tissue elaboration) of juvenile coho salmon was related to the
amount of fine sediments in the substrate.  Density of juvenile steelhead and chinook salmon in
summer and winter was found to be reduced by more than half when enough sand was added to
fully embed the large cobble substrate (Bjornn et al., 1977, as cited in Meehan, 1991).  The
addition of fine sediments to stream substrates as a result of watershed disturbances and erosion
may reduce the abundance of invertebrates, as well.

Turbidity and Suspended Sediment
The Gualala watershed is typical of North Coast watersheds  that have a geology prone to storm
induced erosion events.  Kelsey et. al. (1981) state that watersheds in “The California Coast
Ranges between San Francisco and the Oregon border contain the most rapidly eroding, large-
order, non-glaciated drainage basins of comparable size in the United States (Judson and Ritter,
1964).  The combination of the underlying pervasively sheared and often folded Franciscan rocks
(Bailey et. al., 1964), recent uplift, and a distinctive climate accounts for the large sediment
yields.”  Suspended sediment and turbidity are elevated for periods of time during the high
runoff, rainy season.  There is inter-annual variation in the timing, duration, and levels of these
constituents.
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It is generally accepted that the severity of effect of suspended sediment pollution on fish
increases as a function of sediment concentration and duration of exposure (Newcombe and
Jensen, 1996).  For temperature, appropriate statistics such as the maximum weekly average
temperature have been developed to capture temperature variations and establish meaningful
metrics of appropriate temperatures for salmonids.  Suspended sediment data has been collected
on a limited number of streams with background suspended sediment levels on the North Coast.
However, rating curves for background values of suspended sediment and turbidity have not
been fully developed to represent background turbidity and suspended sediment levels in North
Coast watersheds.  It is imperative that the needed rating curves be developed so that turbidity
and suspended sediment conditions can be assessed adequately.

Salmonid smolt survival is strongly a function of smolt size (Trush, 2001).  Reduced smolt
growth, caused by such impacts as increased chronic turbidity or suspended sediment levels,
decreases a smolt’s chance of returning to a watershed as a spawning adult, cumulatively
jeopardizing population sustainability (Trush, 2001).  A watershed with a healthy population of
salmonids is capable of producing a size class distribution and abundance of salmonid smolts
that can support a sustainable returning adult population, whereas a watershed impacted by
increased levels of turbidity and suspended sediment caused by anthropogenic impacts may not
be able to produce a size class and distribution of salmonid smolts that can support a sustainable
returning adult population (Trush, 2001).  Even a small growth impairment may have highly
significant implications to smolt survival and population sustainability (Trush, 2001).

Newcombe and Jensen (1996) developed measures of the severity of ill effect based on the
suspended sediment concentration and the duration of exposure for juvenile and adult salmonids,
adult salmonids, and eggs and larvae of salmonids and non-salmonids based on a synthesis of
previously collected data.  However, the cumulative impact of successive stressful events on
salmonid survival has not been clearly addressed in any study to date.  Research to date is
suitable for assessing discrete suspended sediment or turbidity events, but unsuitable for
measuring the cumulative effect of multiple events over the course of a storm season.

Elevated levels of suspended sediment may have both acute and sublethal effects on salmonids
(Meehan, 1991).  Migrating salmonids avoid waters with high silt loads, or cease migration when
such loads are unavoidable (Cordone and Kelley, 1961).  Bell (1986) cited a study in which
salmonids did not move in streams where the suspended sediment concentration exceeded 4,000
mg/L (as a result of a landslide).  High turbidity in rivers may delay migration, but turbidity
alone generally does not seem to affect the homing of salmonids very much.

It is reported that larger juvenile and adult salmon and trout appear to be little affected by
ephemerally high concentrations of suspended sediments that occur during most storms and
episodes of snowmelt (Cordone and Kelley, 1961; as cited in Meehan, 1991: Sorenson et al.,
1977).  Bisson and Bilby (1982) reported, however, that juvenile coho salmon avoided water
with turbidities that exceeded 70 NTU (nephelometric turbidity units), which may occur in
certain types of watersheds and with severe erosion.  (Berg and Northcote, 1985, as cited in
Meehan, 1991) reported that feeding and territorial behavior of juvenile coho salmon were
disrupted by short-term exposures (2.5-4.5 days) to turbid water with up to 60 NTU.  Turbidities
in the 25-50 NTU range (equivalent to 125-275 mg/l of bentonite clay) reduced growth and
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caused more newly emerged salmonids to emigrate from laboratory streams than did clear water
(Sigler et al., 1984).

Barrett et. al. (1992) indicate that elevated turbidity had a consistent negative effect on reactive
distance of feeding rainbow trout.  As measured by Barrett et. al (1992), reactive distances of
rainbow trout were 80% and 45% at turbidities of 15 and 30 NTU respectively of reactive
distances observed at ambient turbidities of four to six NTU.

Newcombe and Jensen (1996) indicate reduced short term feeding rates and feeding success
when exposed to a suspended sediment concentration of 20 mg/l for three hours.  Newcombe and
Jensen (1996) also report that juvenile and adult salmonids undergo major physiological stress
and experience long-term reduction in feeding rates and feeding success when exposed to
suspended sediment concentrations exceeding 148 mg/l for a duration of six days.  Noggle
(1978, cited in Meehan, 1991) reported that suspended sediment concentrations of 1,200 mg/L
caused direct mortality of underyearling salmonids, while 300 mg/L caused reduced growth and
feeding.  Bozek and Young (1994) reported mortality of adult salmonids after peak suspended
sediment concentrations of 9680 mg/L in a Yellowstone National Park stream.

Percent Fines <0.85 mm
As the percentage of fines increases as a proportion of the total bulk core sample, the survival to
emergence decreases.  Fines that impact embryo development are generally defined as particles
that pass through a 0.85-mm sieve.  The 0.85mm cut off is an arbitrarily established value based
on the available sieve sizes at the time of the initial studies in this area.

Identifying a specific percentage of fines that can comprise the bulk core sample and still ensure
adequate embryo survival is not clearly established in the literature.  For example, Cederholm et
al. (1981) found that coho salmon survival in a Washington stream was 30% at about 10% fines
<0.85 mm in trough mixes and at 15% fines in natural redds.  Koski (1966, as cited in Meehan,
1991), on the other hand, found that coho survival was about 45% on an Oregon stream when
fines <0.85 mm were measured at 20%.  This differs yet again from Tappel and Bjornn’s (1983)
work in Idaho and Washington which found that survival at 10% fines smaller than 0.85 mm
varied from 20% to 80% as the amount of fines 9.5 mm or less varied from 60% to 25%.  For
example, Tappel and Bjornn (1983) predicted that a 70% steelhead embryo survival rate required
no more than 11% fines < 0.85 mm and 23% fines < 9.50 mm.  McNeil and Ahnell (1964) in
their early work in Alaska found no more than 12% fines <0.85 mm in moderately to highly
productive pink salmon streams.

In a broad survey of literature reporting percent fines in unmanaged streams (streams without a
history of land management activities), Peterson et al. (1992, as cited in Meehan, 1991) found
fines <0.85 mm ranging from 4% in the Queen Charlotte Islands to 28% on the Oregon Coast,
with a median value for all the data of about 11%.  Peterson et al. (1992, as cited in Meehan,
1991) recommended the use of 11% fines < 0.85 mm as a target for Washington streams because
the study sites in unmanaged streams in Washington congregated around that figure.  None of the
data summarized by Peterson et al. (1992, as cited in Meehan, 1991) were from California.
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Burns (1970) conducted three years of study in Northern California streams, including three
streams he classified as unmanaged: Godwood and South Fork Yager creeks in Humboldt
County and North Fork Caspar Creek in Mendocino County.  He found a range of values for
fines < 0.8 mm in each of these streams: 17-18% in Godwood Creek, 16-22% in South Fork
Yager Creek, and 18-23% in Caspar Creek.  Data collection for this study began a few years
following big storms in 1964 that many conclude caused extensive hillside erosion and instream
aggradation, the results of which we still observe today.

4.1.2 Temperature & Related Salmonid Requirements

In streams, temperature is not uniform in space or time.  Importantly, cold water pools and cooler
tributaries allow thermal refugia in water that is otherwise above the optimal temperature range.
Spence et al. (1996) state that  “ …coldwater pockets in stratified pools ranged from 4.1 to 8.2°C
cooler than ambient stream temperatures.”  This observation demonstrates one of the values of
deep pools for salmonids.  Excessive sediment can cause the infilling of pools and loss of deep
pool volume available as thermal refugia for salmonids.  Further, excessive sediment can cause a
trend to a less complex, wider, shallower channel.  Wider, shallower channels lead to increased
solar radiation upon stream water increasing the likelihood of extreme warm temperature events
and chronic high temperatures.  The following section presents temperature and related salmonid
requirements and is included as supplementary information.

Temperature is one of the most important factors affecting the success of salmonids and other
aquatic life.  Most aquatic organisms, including salmon and steelhead, are poikilotherms,
meaning their temperature and metabolism are determined by the ambient temperature of water.
Temperature therefore influences growth and feeding rates, metabolism, development of
embryos and alevins, timing of life history events such as upstream migration, spawning,
freshwater rearing, and seaward migration, and the availability of food.  Temperature changes
can also cause stress and lethality (Ligon et al., 1999).

Much of the information reported in the literature characterizes temperature requirements with
terms such as “preferred” or “optimum” or “tolerable”.  Preferred temperatures are those that fish
most frequently inhabit when allowed to freely select temperatures in a thermal gradient
(McCullough, 1999).   An optimum range provides for feeding activity, normal physiological
response, and normal behavior (without symptoms of thermal stress) (McCullough, 1999).  A
tolerable temperature range refers to temperatures at which an organism can survive.

It is likely that chronically elevated, sublethal temperatures cause significant stress on fish
populations.  Ligon et al. (1999) discuss sublethal temperature effects that “effectively block
migration, reduce growth rate, create disease problems, and inhibit smoltification” (Elliott, 1981
as cited in Ligon et al., 1999) as “directly and indirectly linked with survival in natural
populations of salmonids” (Ligon et al., 1999).  In addition, the stressful impacts of water
temperatures on salmonids are cumulative and positively correlated to the duration and severity
of the exposure.  Thus, the longer the salmonid is exposed to thermal stress, the less chance it has
for long-term survival.”
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Most interpretations of water temperature effects on salmonids and, by extension, water
temperature standards, have been based on laboratory studies.  Many studies have also looked at
the relationship of high temperatures to salmonid occurrence, abundance and distribution in the
field.

Literature reviews were conducted to determine temperature requirements for the various life
stages of steelhead trout (Oncorhynchus mykiss) and coho salmon (Oncorhynchus kisutch).
When possible, species specific requirements were summarized by four life stages: migrating
adults, spawning, embryo incubation and fry emergence, and freshwater rearing.  Results are
summarized in Table 4.3.  Some of the references reviewed covered salmonids as a general class
of fish, while others were species specific.

It is useful to have measures of chronic and acute temperature exposures for assessing stream
temperature data.  An EPA document, Temperature Criteria for Freshwater Fish: Protocol and
Procedures (Brungs and Jones, 1977) discusses development of criteria for assessing
temperature tolerances of fish for several different life stages.  Two measures of exposure are
developed and applied: maximum weekly average temperature (MWAT) as a measure of chronic
exposure and short-term maximum temperature as a measure of potentially lethal effects.

• Maximum Weekly Average Temperatures – The Maximum Weekly Average Temperature
(MWAT) is the maximum value of the mathematical mean of multiple, equally spaced, daily
temperatures over a 7-day consecutive period (Brungs and Jones 1977).  In different words,
this is the highest value of the 7-day moving average of temperature.  Brungs and Jones
develop MWATs for the growth phase of fish life, as growth appears to be the life stage most
sensitive to modified temperatures and it integrates many physiological functions.  They also
develop MWATs for spawning.  Brungs and Jones calculate the MWAT metric for growth
using the following equation:

MWAT metric for growth = OT + (UUILT - OT)/3

This equation uses the physiological optimum temperature (OT) and the ultimate upper
incipient lethal temperature (UUILT).  The latter temperature is the “breaking point” between
the highest temperature to which a fish can be acclimated and the lowest of the extreme
upper temperatures that will kill the warm-acclimated fish.

Brungs and Jones (1977) and EPA (1987) calculate a growth MWAT metric of 17.8°C (64oF)
for juvenile coho salmon.  This value will vary depending on the optimum and ultimate upper
incipient lethal temperatures used in the calculation.  An MWAT metric for steelhead is not
reported, although there is an MWAT of 18.9°C (66oF) for rainbow trout.

• Short-Term Maximum Temperatures - Fish can withstand short-term exposure to
temperatures higher than those required day in and day out without significant adverse
effects.  The short-term maximum temperature is intended as a measure for such conditions
and is calculated using the following formula:

Temperature (oC) = (log time (minutes) - a)b
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For a daily maximum the equation would use 1440 minutes (24 hours).  The constants “a”
and “b” are intercept and slope, respectively, derived from each acclimation temperature for
each species.  The results of this calculation are the temperature at which there is 50%
survival of the test population.  A “safety factor” of 2 oC is subtracted to calculate the
temperature at which 100% of a population is expected to survive.

For juvenile coho salmon, when the acclimation temperature is 20 oC, a = 20.4022 and b = -
0.6713, and the temperature at which there is 50% survival of a population is 23.7 oC (74.7
oF).   With a 2°C adjustment, all fish in the test population would be expected to survive at a
temperature of 21.7°C (71.1°C).  Brungs and Jones (1977) do not calculate a short-term
maximum temperature for steelhead, although there is a reported short-term maximum
temperature value of 23.9°C (75 oF) for rainbow trout.  Using the same 2°C adjustment yields
a temperature of 21.9°C (71.4°F) for 100% survival.

The following paragraphs assess temperature requirements for various salmonid life stages.

Adult Migration
Salmon and trout respond to temperatures during their upstream migration (Bjornn and Reiser,
1991).  Delays in migration have been observed for temperatures that were either too cold or too
warm.  Most salmonids have evolved with the temperature regime they historically used for
migration and spawning, and deviations from the normal pattern can affect survival (Spence et.
al., 1996).

Upstream migration of adult salmonids in the Gualala River occurs during a stream temperature
transition period.  Migration does not begin until the warmer summer period is waning,
streamflows are increasing, and river temperatures are generally falling.  Coho begin entering
streams on the Mendocino Coast, including the Gualala River, in mid-October and may continue
into February.  Steelhead begin migrating in mid-November and continue through mid-March.

Bell (1986) notes migration temperatures ranging from 7.2-15.6°C (45-60°F) for coho.  Several
sources cite 21°C (70°F) as a temperature at which migration or movement is delayed or
movement is limited for coho and steelhead (Table 4-2).

Spawning
Spawning occurs in the rainy season when flows have increased from winter rains and stream
temperatures have decreased.  Coho can begin spawning as soon as they reach natal spawning
grounds, typically December through February.  Steelhead spawning can begin in mid December
and continue through mid May, with the peak in January through March.  Spence et al. (1996)
report that salmonid spawning has been observed at 1-20°C (33-57oF).  Bell (1986) cites
preferred spawning temperatures of 4.4-9.4°C (40-49°F) for coho and substantially similar
values for steelhead (Table 4-2).
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Incubation
It is critical that the embryos during incubation, and fry before emergence, have the proper
environmental conditions, including temperature, as these life stages are essentially immobile.
Water temperature during incubation affects the rate of embryo development, intragravel
dissolved oxygen, and survival.  In general, warmer water has been found to shorten the
incubation period.  Incubation temperatures can also affect the size of hatching alevins (Bjornn
and Reiser, 1991).  Embryo incubation begins anytime after spawning has commenced.  For
coho, incubation peaks in December through March and can last through mid April.  For
steelhead, incubation peaks in January through March and can last until mid June.  Bell (1986)
cites a range of incubation temperatures for coho of 4.4-13.3°C (40-56°F).  Others have found
temperatures as low as 11°C (51.8°F) as lethal to coho during incubation (Table 4-2).  There are
not similar data for steelhead.

Freshwater Rearing
Temperature affects metabolism, behavior, and survival of both juvenile fish as well as other
aquatic organisms that may be food sources.  In streams of the Mendocino Coast, including the
Gualala River, young coho and steelhead may rear in freshwater from one to four years before
migrating to the ocean.  Reported values of MWATs and short-term exposure maxima for
juvenile rearing stages are presented in Table 4-2.

Freshwater Rearing – Coho Specific
Reported estimates of the MWAT for growth range from 16.8-18.3°C (62.2-65°F).  Maximum
short-term temperatures are reported by Brungs and Jones (1977) as 23.7°C (74.7°F).  In an
exhaustive study of both laboratory and field studies of temperature effects on salmonid and
related species, McCullough (1999) concluded that upper short-term temperatures of
approximately 22-24°C result in a limit to salmonid distribution, i.e., in total elimination of
salmonids from a location.  McCullough (1999) also notes that changes in competitive
interactions between fish species can lead to a transition in dominance from salmonids to other
species at temperatures 2-4°C lower than the range of total elimination.

Freshwater Rearing – Steelhead Specific
Brungs and Jones (1977) report a MWAT for growth of 19°C (66°F), and a short-term maximum
temperature of 23.9°C (75°F).  The conclusions in McCullough (1999) would also apply to
steelhead, with respect to limitations on distributions in the field.  There also is a report in the
literature that addresses temperature as it relates to juvenile salmonid occurrence and behavior in
the Navarro River and similar streams.  Nielsen et al. (1994) studied thermally stratified pools
and their use by steelhead in three North Coast rivers including Rancheria Creek, located in the
Navarro River watershed.  In detailed observations of steelhead behavior in and near thermally-
stratified pools, they noted behavioral changes including decreased foraging and increased
aggressive behavior as pool temperature reached approximately 22°C.  As pool temperature
increased above 22°C (71.6°F), fish left the observation pools and moved into stratified pools
where temperatures were lower.  These observations would seem to be generally consistent with
the results reported in McCullough (1999).
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4.1.3 Other Salmonid Habitat Requirements

The following section presents other salmonid habitat requirements and is included as
supplementary information.

Cover
Some of the features that may provide cover and increase the carrying capacity of streams for
fish are water depth, water turbulence, large-particle substrates, overhanging or undercut banks,
overhanging riparian vegetation, woody debris (brush, logs), and aquatic vegetation.  Coho
salmon production declined when woody debris was removed from second-order streams in
southeast Alaska (as cited in Meehan, 1991: Dollof, 1983).  More large woody debris and
juvenile coho salmon were found in streams surrounded by mature, mixed-conifer forest than in
streams lined by red alder that had grown in a 20-year-old clear-cut (as cited in Meehan, 1991:
House and Boehne, 1986).  When wood debris was removed from a stream, the surface area,
number and size of pools decreased, water velocity increased, and the biomass of Dolly Varden
decreased (Elliott, 1986 as cited in RAC, 1999).  Dolly Varden is a species of char with similar
life cycle requirements to salmonids.  In another stream, young steelhead were more abundant in
clear-cut than in wooded areas in summer but moved to areas with pools and forest canopy in
winter (as cited in Meehan, 1991: Johnson et al., 1986).  In addition, some anadromous fish—
chinook salmon and steelhead trout, for example—enter freshwater streams and arrive at the
spawning grounds weeks or even months before they spawn.  Nearness of cover to spawning
areas may be a factor in the selection of spawning sites by some species.

Streamflow
Bell (1986) reports the following minimum depths (m) and maximum velocities (m/s) for
successful upstream migration: fall chinook salmon (0.24 m, 2.44 m/s); coho salmon (0.18 m,
2.44 m/s); and steelhead trout (0.18 m, 2.44 m/s).  Streamflow also regulates the amount of
spawning area available in any stream by regulating the area covered by water and the velocities
and depths of water over the gravel beds.

Smoker (1955, as cited in Meehan, 1991) found a correlation between the commercial catch of
coho salmon and annual runoff, summer flow, and lowest monthly flow in twenty one western
Washington drainages.  In the last two decades, hatchery production of coho salmon smolts has
increased markedly and made such comparisons more difficult.  The implication of the available
studies is that the abundance of adult coho salmon is a function of the number of smolts
produced, which is in turn related to streamflow and the other factors that regulate the production
of smolts.

Depth, velocity, and substrate requirements can be found for fall chinook salmon, coho salmon
and steelhead trout in Table 4.4.

Given flow in a stream, velocity is probably the next most important factor in determining the
amount of suitable space for rearing salmonids (as cited in Meehan, 1991: Chapman, 1966;
deGraaf and Bain, 1986).  Newly emerged fry (20-35 mm long) of salmon, trout and char require
velocities of less than 10 cm/s, based on studies of sites selected by the fish in streams (as cited
in Meehan, 1991: Chapman and Bjornn, 1969; Everest and Chapman, 1972; Griffith, 1972;
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Hanson, 1977; Smith and Li, 1983; Konopacky, 1984; Pratt, 1984; Bugert, 1985; Moyle and
Baltz, 1985; Sheppard and Johnson, 1985).  Larger fish (4-18 cm long) usually occupy sites with
velocities up to about 40 cm/s.

TABLE 4.4.  SALMONID STREAMFLOW REQUIREMENTS

Species Depth (cm) Velocity for Adult
Salmonids (cm/s)

Substrate size (cm)

Fall chinook
salmon

≥24
(Thompson, 1972*)

30-91
(Thompson, 1972*)

1.3-10.2
(Bell 1986)

Coho
salmon

≥18
(Thompson, 1972*)

30-91
(Thompson, 1972*)

1.3-10.2
(Bell 1986)

Steelhead ≥24
(Smith, 1973)

40-91
(Smith, 1973)

0.6-10.2
(Estimated)

≥18
(Bell, 1986)

* Thompson, 1972 was cited in Meehan, 1991.

Young trout and salmon have been seen in water barely deep enough to cover them and in water
more than a meter deep. Densities (fish/m2) of some salmonids are often higher in pools than in
other habitat types; but, that may reflect space availability rather than a preference for deep
water, especially for smaller fish (<15 cm long).  Everest and Chapman (1972, as cited in
Meehan, 1991) found significant correlation between size of fish and total water depth at sites
occupied by juvenile chinook salmon and steelhead.  Most fish, regardless of size, were near the
bottom.

Streamflows and velocities are at their highest in coastal streams in northern California during
winter months due to rainfall.  As a result, overwintering salmonids must find shelter from high
winter stream velocities.  For example, Mundie and Traber (1983, as cited in Meehan, 1991)
found higher densities of steelhead (0.66 smolts/m2 and 9.94 g/m2) and coho salmon (0.85
smolts/m2 and 12.8 g/m2) in side-channel pools than are commonly found in the main channels of
Pacific coastal streams.  Peterson (1982a, 1982b, as cited in Meehan, 1991) reported coho
salmon moving into side-channel pools for the winter.  Salmonids will even hide in the
interstitial spaces in stream substrates, particularly in winter when voids are accessible (as cited
in Meehan, 1991: Chapman and Bjornn, 1969; Bjornn and Morrill, 1972; Gibson, 1978; Rimmer
et al., 1984; Hillman et al., 1987).  The discussion of large woody debris as cover under summer
freshwater rearing, above, is relevant here, as well.

Space
During the spawning stage of the salmonid life cycle, the number of redds that can be built in a
stream depends on the amount of suitable spawning habitat and the area required per spawning
pair of fish (as cited in Meehan, 1991: Reiser and Ramey, 1984, 1987; IEC Beak, 1984; Reiser,
1986).  Many salmonids prefer to spawn in the transitional area between pools and riffles
because of the downwelling there (as cited in Meehan, 1991: Hazzard, 1932; Hobbs, 1937;
Smith, 1941; Briggs, 1953; Stuart, 1953).  According to Burner (1951, as cited in Meehan,
1991), the average area of a fall chinook salmon redd is 5.1m2 while that of a coho salmon is
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2.8m2.  The average area of a steelhead trout redd ranges from 4.4-5.4m2, depending on the study
(as cited in Meehan, 1991: Orcutt et al., 1968; Hunter, 1973; Reiser and White, 1981).  Burner
(1951, as cited in Meehan, 1991) recommends 20.1m2 and 11.7m2 of spawning habitat per
spawning pair of fall chinook salmon and coho salmon, respectively.

As the salmonid population matures, fish densities in streams provide a measure of the spatial
requirements of juvenile salmonids, but the wide variation in observed densities illustrates the
diversity of habitat quantity and quality and other factors that regulate fish abundance.  Based on
Allen (1969, as cited in Meehan, 1991), the summer space requirements of juvenile salmonids
during their first year in streams probably range from 0.25m2 to 10m2 of stream per fish,
depending on such things as the species and age composition of fish present, stream productivity,
and quality of the space. Bjornn et al. (1977, as cited in Meehan, 1991) demonstrated that by
reducing pool volume by half and surface area of water deeper than 0.3m by two-thirds, fish
numbers declined by two-thirds.

Dissolved Oxygen
The minimum DO recommended for spawning fish is 5.0 mg/L with at least 80% saturation.
Salmonids may be able to survive when DO concentrations are relatively low (<5 mg/L), but
growth, food conversion efficiency, and swimming performance will be adversely affected.
High water temperature, which reduces oxygen solubility, can compound the stress on fish
caused by marginal DO concentrations.

Silver et al. (1963, as cited in Meehan, 1991) reported that newly hatched steelhead and chinook
salmon alevins were smaller and weaker when they had been incubated as embryos at low and
intermediate DO concentrations than when they were incubated at higher concentrations.  In field
studies, survival of steelhead embryos (as cited in Meehan, 1991: Coble, 1961) and coho salmon
embryos (as cited in Meehan, 1991: Phillips and Campbell, 1961) were positively correlated with
intragravel DO in redds.  Phillips and Campbell (1961, as cited in Meehan, 1991) concluded that
intragravel DO must average 8 mg/L for embryos and alevins to survive well.

Barriers
In general, the success of a leap will depend on factors specific to the barrier (e.g., jump pool
characteristics and stream velocity) and factors specific to the fish (e.g., species, size and
condition). Stuart (1962, as cited in Meehan, 1991) observed salmon jumping over obstacles 2-
3m in height.  Powers and Orsborn (1985, as cited in Meehan, 1991) reported that the abilities of
salmon and trout to pass over barriers depended on the swimming velocity of the fish, the
horizontal and vertical distances to be jumped, and the angle to the top of the barrier.  Reiser and
Peacock (1985, as cited in Meehan, 1991) computed maximum jumping heights of salmonids on
the basis of darting speeds: chinook salmon (2.4m), coho salmon (2.2m), and steelhead trout
(3.4m).  These values represent upper limits of potential, not preferred or even readily achievable
heights.
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Productivity of Streams & Food Sources
Streams vary in productivity due largely to the nutrients and energy available.  If the findings for
sockeye salmon (as cited in Meehan 1991:  Brett et al. 1969) are similar for other salmonids, a
yearling salmonid in a stream with daily mean temperature of 10°C would need a daily food
supply equivalent to 6-7% of its body weight to attain maximum growth.  Production of aquatic
invertebrates that juvenile salmonids eat depends on the amount of organic material available in
streams.  Nearly 75% of the organic matter deposited in first-order streams is associated with
debris dams, versus 58% in second-order stream and 20% in third-order streams (Bilby and
Likens, 1980).
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CHAPTER 5
PROBLEM STATEMENT

This chapter provides a description of the existing in-stream and upslope watershed setting and
the beneficial use impairments of concern.  In other words, the problem statement provides
background information about the Gualala River watershed that is intended to assist readers in
understanding the context for the TSD analysis.  This chapter specifically focuses on the
conditions associated with sedimentation in the Gualala River watershed.  In addition, conditions
associated with temperature are also included in this chapter.  Temperature issues are related to
sediment delivery by processes such as channel aggradation and pool infilling, but are also a
function of processes independent of sediment delivery such as microclimates, riparian cover,
and solar insolation.  In summary, the beneficial uses associated with the cold water fishery are
currently not being protected, as shown by the listing of Coho Salmon and Steelhead Trout as
threatened species under the Endangered Species Act.  The Gualala River watershed was listed
under the CWA, Section 303(d) as an impaired water body due to sedimentation.

This analysis is based on those data that have been submitted to Regional Water Board staff for
consideration.  Due to the absence of information in some areas of the watershed and with
respect to certain habitat parameters, conservative assumptions based on professional judgment
have been made regarding the factors that are potentially limiting salmonid populations in the
basin.  The discussion in Section 6.8 (Numeric Targets) is based on the problems identified in
this analysis.  As additional data become available in the future (such as the North Coast
Watershed Assessment Program (NCWAP) Limiting Factors Analysis), the TMDL and numeric
targets can be modified.

5.1 Summary

Section 5.1 summarizes information further described and cited in sections 5.2 and 5.3.

5.1.1 Salmonid Distribution and Abundance

5.1.1.1 Steelhead

Steelhead have been observed throughout the entire watershed historically.  Available
information indicates that the populations show a pattern of decline.  However, it does appear
that steelhead continue to be present in most tributaries throughout the watershed.  Data supports
the hypothesis that the steelhead populations were in a declining trend as early as the 1970s.  The
latest estimate of the total Gualala river steelhead population was in 1977, when CDFG
estimated the winter steelhead population at 4,400 (Sheahan, 1991).  It is not possible to
determine how the number of steelhead planted in various streams has affected the overall
population.

Presence/absence surveys conducted in the South Fork Gualala River and in the Wheatfield Fork
in the early 1990s indicate that the fish community is now dominated by Gualala roach and
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three-spine stickleback in many areas.  In addition, a large percentage of the steelhead observed
appear to be young of the year (YOY) that may not be surviving to mature and propagate.
Additional studies would be necessary to confirm this.

One area identified that should be considered a refuge area for salmonids is the Little North Fork
Gualala River.

5.1.2.1 Coho

Due to the limited data, it is impossible to estimate the population size of coho salmon in the
Gualala River watershed.  However, it appears that the coho that were once plentiful have all but
vanished from this watershed.

Available data indicates that coho began to decline rapidly in the Gualala River watershed by the
latter part of the 1960s. Few coho were observed in the stream surveys of the early 1970s and
coho were last noted in CDFG stream surveys in Fuller Creek (Wheatfield Fork) and its
tributaries in 1970 and in 1971.  Coho were also observed in Haupt Creek, a tributary to the
Wheatfield Fork, in 1970.

Coho were not observed during electrofishing surveys conducted in the basin during the 1980s
and 1990s, other than the Little North Fork.  Coho were not caught during any of the South Fork
Gualala River and estuary studies conducted in the 1990s.

Juvenile coho that were observed during the 1997 surveys of Doty Creek and the Little North
Fork Gualala River could be the result of CDFG plants in 1995 (Dennis Halligan, personal
communication, as cited in Higgins, 1997).  It is possible that their progeny continue to exist in
this sub-watershed.

The last reported sighting of coho salmon in the Gualala River may have been the observed entry
of nine adult coho into the Gualala River when the sand bar opened at the mouth during the
winter of 1999-2000.

5.1.2 Stream Conditions

Available data suggest that  salmonid spawning, incubation, and emergence success may be
limited by the following factors:

• Impact of fine sediments on spawning and rearing habitats
• Lack of pool habitat provided by Large Woody Debris (LWD)
• Increased stream temperature possibly due to canopy removal and an oversupply of

sediment
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5.1.3 Substrate

As noted in Section 5.3.1, in-stream substrate samples taken by CFL (1997), GRI (1992-1999),
and Knopp (1993) generally indicate that aquatic habitat throughout the watershed is impaired by
excessive fine sediments.  Median surface particle diameter (D50) measurements were made by
both CFL and GRI at numerous locations; GRI also measured percent fines data for the North
Fork and some of its tributaries. V* data was provided by Knopp (1993).  The data suggest that
upslope disturbances have impacted stream substrates with excessive fine sediments, and
impaired the ability of the aquatic habitat to support salmonid spawning, incubation, and
emergence. The exception is Dry Creek where both D50 and percent fines data indicate good
spawning habitat. Regional Water Board staff observations of conditions  in the Spring of 2001
indicate that stream channels are still greatly impacted by fine sediment.

5.1.4 Large Woody Debris Abundance

Results of CFL surveys provide evidence that, with the exception of Fuller Creek, stream reaches
throughout the Gualala River watershed lack essential habitat provided by LWD.  As explained
in Section 5.3.3, two indices measured for the survey, LWD pieces per bankfull width and LWD
volume index, measured for the survey, fell short of criteria established by Peterson et al (1992).
Past land management involving logging and associated practices such as splash dam log
transportation, as well as previous CDFG projects that removed migration barriers throughout
the watershed, have led to the dearth of salmonid habitat provided by LWD (Section 5.3.2).

5.1.5 Temperature

Temperature data from Gualala Redwoods Inc. (GRI 1993-1998) and Mendocino Redwood
Company  (MRC, unpublished data) suggest that stream temperatures for most of the watershed
exceed preferred juvenile rearing temperature ranges for steelhead and coho.  Exceedance of
short-term maximum lethal temperatures for steelhead and coho occur throughout the watershed
as indicated in Table 5.10 and Table 5.11.

5.2 Salmonid Distribution and Abundance

Short- and long-term trends in abundance are a primary indicator of risk in salmonid populations
(Weitkamp et al., 1995).  Trends may be calculated from a variety of quantitative data, including
dam or weir counts, stream surveys, and catch data (Weitkamp et al., 1995).  When data series
are lacking, general trends may be inferred by comparing historical and current abundance
estimates (Weitkamp et al., 1995).

5.2.1 Historic Salmonid Abundance and Distribution

The following information is partially extracted from the Gualala River Watershed Literature
Search and Assimilation (Higgins, 1997), a compilation of Gualala River watershed data
completed by Patrick Higgins under contract to the Redwood Coast Land Conservancy.
The Gualala River historically has been an important stream for its runs of steelhead, rainbow
trout and coho salmon.  Steelhead trout still provide a viable sport fishery. In the last decade
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coho salmon have only been reported in the Little North Fork and its tributaries where coho have
been planted by CDFG as recently as 1997 (CDFG, unpublished data (b)).  Rainbow trout are
noted to exist above impassible barriers (Cox, 1989).  It is likely that chinook (king) salmon were
native to the Gualala River as they were to Russian River to the south and to the Garcia River
and coastal watersheds to the north.

The only known estimate of historic salmonid abundance in the Gualala River watershed was
developed by the California Department of Fish and Game in the early 1960s. The CDFG
reported 16,000 steelhead, 4,000 coho, and zero chinook (California Fish and Game Commission
1965).

Other fish species native to the Gualala River (Higgins, 1997) include the Gualala roach
(Lenvenia parvipinnis), three-spined stickleback (Gasterosteus aculeatus), prickly sculpin
(Cottus asper), Coast Range sculpin (Cottus aleuticus), and Pacific Lamprey (Lampetra
tridentata).  The Gualala roach has been designated as a “Species of Special Concern” because
they are a distinct subspecies, apparently endemic to the Gualala River system, and their life
history and population status are poorly understood.  Moyle (1976 as cited by Higgins, 1997)
states that Gualala roach prefer water temperatures less than 23 C to 24 C for long-term survival,
but can survive temperatures up to 35 C (95 F).

5.2.1.1 Coho Salmon

The coho population was recently estimated for Mendocino County at 4,950 fish (Brown et al.,
1994; Weitkamp et al., 1995). Adams et al. (1999) report that coho are found in 51% of the
streams in which they were historically present in California and 64% of the streams in
Mendocino County in which they were historically present.

While there is a paucity of data on coho salmon abundance in the Gualala River, there are the
following indications that they were once numerous.  Bruer (1953, as cited by Higgins, 1997)
asserted that there were millions of steelhead and coho juveniles in arguing for re-opening
summer “trout” fishing.  The California Fish and Game Commission (1965) reported an
estimated 4,000 coho in the mid-1960s in the Gualala River.  The United States Bureau of
Reclamation (1974, as cited in Moyle et al., 1994) estimated that 75 miles of habitat was
available to coho salmon.  Boydstun (1974a) reported that 831 adult coho salmon were caught in
the 1972-73 angling season with 244 released.  The high catch in 1972-73 may have been due (at
least in part) to coho planting by CDFG (Barracco & Boccione, 1977 as cited by Higgins, 1997).
In contrast, the 1976-77 creel census reported only 10 coho.

Coho are known historically to have spawned and reared in the tributaries listed below, and
possibly others (Cox, 1994).  In the last decade, coho have been found only in the Little North
Fork (Dennis Halligan, personal communication as cited by Higgins, 1997) and Doty Creek,
where they have been planted by CDFG as recently as 1997.
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Gualala River Tributaries with Historic Coho Presence (Cox, 1994 and Ambrose, 2000)
• North Fork Gualala River

Robinson Creek
Dry Creek
Little North Fork

Doty Creek
• South Fork Gualala River

Marshall Creek
Sproule Creek
Buckeye Creek

Francini Creek
• Wheatfield Fork Gualala River

Haupt Creek
House Creek
Fuller Creek

North Fork Fuller Creek
South Fork Fuller Creek

5.2.1.2 Chinook (King) Salmon

Very little information exists on the historical presence of chinook in the Gualala River.  A long-
time resident of the Gualala watershed was interviewed in 1997 (Spacek, unpublished).  This
resident recalled catching a 34-pound salmon in 1919.  Higgins (1997) explained that a fish of
this size would be much too large to be a coho, and therefore was likely a chinook.  Other
residents who were interviewed reported that it was uncommon to catch a chinook even in the
1930s.  Small runs of chinook reportedly were observed in the last decade (Coastal Forestlands
(CFL) communication with Wendall (sic) Jones as cited in CFL, 1997).

5.2.1.3 Steelhead Trout

Prior to the 1940s, there appears to be little to no data on the Gualala steelhead fishery.
Following World War II in 1945, there was an estimated 200-300% increase in anglers on the
Gualala River (Taft, 1951), compared to pre-WWII figures.  Concern about the effect of fishing
on juvenile steelhead populations led CDFG to close portions of the Gualala and several other
rivers for summer and winter fishing, from 1948 through 1982 (Bill Cox, personal
communication 2000).  The general trend during that time period was that the upper river was
open for summer fishing while the lower river was open for winter steelhead fishing.  With the
passage of new regulations in 1982, waters of the Gualala River watershed were closed to fishing
year-round, with the exception of the Mainstem and the South Fork below Valley Crossing (Bill
Cox, personal communication 2000).

California Department of Fish and Game Surveys
The CDFG’s files include a series of historical stream surveys in which field staff walked
portions of streams noting their observations.  Detailed field notes taken during these surveys,
performed in various streams from the late 1950s through the late 1980s, indicate the presence of
steelhead in the majority of streams surveyed.  The majority of streams where steelhead were
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notably absent were in minor tributaries to the Wheatfield Fork.  These tributaries were reported
to have little to no water during the summer months.

Creel census surveys and mark-and-recapture techniques were used by CDFG in the 1950s
through the 1970s to estimate populations of adult steelhead on the Gualala River.  The highest
catches were estimated at 1,700 steelhead in 1974-75, 1,590 in 1953-54, 1,418 in 1975-76, and
1,352 in 1954-55 (see Table 5.1).

In 1973, CDFG estimated that the steelhead population (for the entire system) was between
2,219 (“Park Hole”) and 2,584 (estuary), based on recapture in two areas of the lower mainstem
Gualala.  The respective 95% confidence limits were 799 – 5,165 and 571 – 9,535.  In 1974-75,
CDFG estimated that the adult steelhead population was 7,608, with a 95% confidence interval
of 6,126-10,379 (Boydstun, 1976b).  In 1975-76 the population was estimated at 6,300
(Boydstun, 1976b).  In 1977, CDFG estimated the winter steelhead population at 4,400
(Sheahan, 1991).

TABLE 5.1.  STEELHEAD ADULT CATCH BY YEAR, INCLUDING ANGLER HOURS AND CATCH PER
HOUR, CDFG CREEL CENSUS (FISHER, 1957) AND COASTAL STEELHEAD STUDIES (BOYDSTUN
1973; BOYDSTUN,1974A; BOYDSTUN, 1974B; BOYDSTUN, 1976A; BOYDSTUN, 1976B)

Years Catch Hours Catch/hr Estimated
Population

1953-54 485 4,515 0.28 NR
1954-55 570 7,613 0.08 NR

1962 NR NR(single day) 0.2 NR
1972-73 288 12,884 0.02 NR
1973-74 1,700 13,218 0.13 2,219, 2,584
1974-75 793 14,593 0.05 7,608
1975-76 1,418 27,899 0.05 6,300

1977 NR NR NR 4,400
NR= Information not reported

Boydstun (1974b) noted that while angler effort in 1972-73 was 60% greater than in 1953-54, the
catch in the 1970s was just 25% of the 1950s catch.  He attributed the decreased catch rate to
decreased adult steelhead abundance.  From 1970 to 1976, the CDFG supplemented Gualala
River steelhead runs with hatchery fish which may have increased the escapement and catch.
Higgins (1997) noted that it is also possible for external conditions to skew the catch per unit
effort.

In addition to the creel censuses that were conducted by CDFG during the winters of 1953-54,
1954-55, 1972-73, 1973-74, 1974-75, and 1975-76, a single-day creel census was completed on
January 24, 1962 (see Table 5.1).  The 0.2 catch per angler hour that day compares favorably
with the 1950s values and is higher than the 1970s values.  However, the water conditions in the
river on this day were noted by the CDFG biologist as “perfect for steelhead fishing.”

It is possible that conditions in 1973-74 where the catch numbers were high, may have been
particularly favorable for angling.  In years with high flows and turbidity, such as 1972-73, catch
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numbers may have been adversely affected (Higgins, 1997).  However, during the latter 1970s a
downward trend in catch is plausible.

During the 1975-76 season, 17% of the total catch was estimated to be planted steelhead.  The
year prior, 23% of the total catch was estimated to be from plants (Boydstun, 1976b).
In-river harvest of steelhead in 1975-76 was estimated to be only 15% of the adult population
(Boydstun, 1976b).  Based on this estimate, it was concluded that sportfishing most likely had a
minimal impact on the adult steelhead population.  Reavis (1983, as cited by Higgins 1997),
made a similar conclusion, finding that only two of the estimated 535 salmonids caught by
anglers in the spring and summer of 1982 were kept.

5.2.2 Current salmonid abundance and distribution

Insufficient information exists from which to draw quantitative conclusions about the current
abundance and distribution of salmonids in the Gualala River watershed.  The following
information, collected during the last two decades, does however offer a qualitative perspective.

Data sources considered include:
• CDFG electrofishing (summer-rearing) surveys
• Fish presence/absence surveys
• Spawning surveys
• CDFG stream inventory of McKenzie Creek watershed
• Coastal Forestland’s Watershed and Aquatic Wildlife Assessment

5.2.2.1 Steelhead Trout Summer-rearing and Spawning Surveys

North Fork
The CDFG conducted electrofishing (summer-rearing) surveys in several tributaries of the
Gualala River between 1983 and 1998 (Table 5.2).  The density of steelhead at the various
locations over this time-period in the Little North Fork, where the majority of surveys were
conducted, ranged from 0.19 to 1.49 fish per square meter of stream (m2).  The average density
of steelhead in the Little North Fork from 1993 to 1998 was 0.44 fish/m2.

TABLE 5.2.  STEELHEAD TROUT AND COHO SALMON POPULATION DATA COLLECTED BY CDFG
REPORTED IN ITS BIOSAMPLE DATABASE (UNPUBLISHED)

Stream reach Date Steelhead
density

(fish/m2)

Steelhead
biomass
(kg/ha)

Coho
density

(fish/m2)*

Coho
biomass
(kg/ha)

Little N. Fork Gualala River 10/28/83 0.46 31.67 0 0
Robinson Creek 10/28/83 0.84 55.89 0 0
Little N. Fork Gualala River 9/23/86 NR NR 0 0
Doty Creek 9/23/86 NR NR 0 0
Log Cabin Creek 9/23/86 NR NR 0 0
Dry Creek 9/24/86 NR NR 0 0
North Fork Gualala River 9/24/86 NR NR 0 0
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Stream reach Date Steelhead
density

(fish/m2)

Steelhead
biomass
(kg/ha)

Coho
density

(fish/m2)*

Coho
biomass
(kg/ha)

Robinson Creek 9/24/86 NR NR 0 0
Little N. Fork Gualala River
(upper)

10/11/88 0.22 8.8 0.36 15.85

Little N. Fork Gualala River
(lower)

10/12/88 0.64 19.65 0.92 29.85

Little N. Fork Gualala River
(lower)

10/20/89 1.49 36.94 0 0

Little N. Fork Gualala River
(upper)

10/20/89 0.29 12.43 0 0

Little N. Fork Gualala River
(lower)

11/2/90 0.47 17.06 0 0

Little N. Fork Gualala River
(upper)

11/9/91 0.54 23.18 0 0

Little N. Fork Gualala River
(lower)

11/9/91 0.25 5.48 0 0

Little N. Fork Gualala River
(lower)

10/28/92 0.6 18.2 0 0

Little N. Fork Gualala River
(upper)

10/28/92 0.19 9.8 0 0

Little N. Fork Gualala River
(upper)

9/30/93 0.55 31.97 0 0

Little N. Fork Gualala River
(lower)

9/30/93 0.4 11.91 0 0

Little N. Fork Gualala River
(lower)

9/19/95 0.41 12.95 0 0

Little N. Fork Gualala River
(upper)

9/19/95 0.53 15.96 0 0

Soda Springs 11/8/95 NR NR 0 0
Buckeye Creek –Unnamed
Tributary

11/8/95 NR NR 0 0

Osser Creek 11/8/95 NR NR 0 0
Buckeye Creek- Flat Ridge 11/8/95 NR NR 0 0
Buckeye Creek 11/8/95 NR NR 0 0
Francini Creek 11/8/95 NR NR 0 0
Little N. Fork Gualala River
(upper)

10/30/98 0.46 17.98 0 0

Little N. Fork Gualala River
(lower)

10/30/98 0.27 21.87 0 0

NR= Not Reported *all coho reported are young of year

Large numbers of juvenile steelhead were reportedly observed during the spawning surveys
conducted in 1989-1990 in the Little North Fork Gualala River and its tributaries.  Maahs and
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Gilleard (1994) concluded that the juvenile presence and spawning of steelhead indicated the
production in these streams was quite good.

Wheatfield Fork
In addition to the data in the table above, electrofishing was performed by the CDFG in August
1989 at four locations in the Fuller Creek drainage.  Two of the same locations, on the mainstem
and South Fork Fuller Creek, were sampled again in 1995.  The resulting steelhead densities
were 33.3 and 15.3 per 100 feet of stream, respectively.  These densities were reported to be
approximately half of the 1989 densities (Cox, 1989 and 1995).

South Fork
Juvenile steelhead were studied during the late 1980s in the lower South Fork Gualala River,
below the Wheatfield Fork and in the estuary.  Looking at the size of fish in the samples
collected in the estuary during the spring of 1984-1986 (Brown, 1986), it appears that young-of-
the-year (YOY) steelhead dominated the samples.  This could indicate that the carrying capacity
of the tributaries is low, as noted by Higgins (1997) or that there is a decrease in favorable living
space upstream, forcing juveniles to emigrate prematurely (Graves and Burns, 1970 as cited by
Mangelsdorf et al., 1997).  It is also possible that the high number of YOY steelhead were the
result of late season spawning just upstream in the mainstem or lower reaches of the tributaries
(Higgins 1997).

Additional studies were conducted on the South Fork Gualala River in the last decade.
Electrofishing surveys were conducted in July and October 1991 at 16 stations along the Lower
South Fork, extending approximately from its confluence with the Wheatfield Fork downstream,
to the confluence with Buckeye Creek.  Seven locations upstream and nine locations downstream
of the Sea Ranch wells were identified, as the purpose was to study the effects of the water
diversion.  Streamflows were noted to be unseasonably low during the July portion of this study.
The three most abundant species at all stations were steelhead trout, Gualala roach and three-
spine stickleback (see Table 5.3 and Table 5.4).  Gualala roach were generally dominant,
although sticklebacks were the most abundant in upstream riffle habitat in July and upstream run
habitat in October.  Steelhead trout were the most abundant species in upstream run habitat in
July.

Nearly all of the base steelhead population was age 1+ with a small percentage of age 2+.
Conclusions of this study asserted that relatively low base populations of steelhead were present
both upstream and downstream of the wells due to regional drought and seasonal low streamflow
conditions.

Electrofishing surveys were performed in October 1993 for The Sea Ranch subdivision by
Entrix, Inc. in the South Fork Gualala River above and below the confluence with the Wheatfield
Fork, and in the Wheatfield Fork (EIP, 1994).  As noted by EIP (1994), these fish counts
represent an index of fish abundance, rather than an estimate of the true population number.
Gualala roach were the most abundant fish at the one site (A) that was sampled downstream of
the confluence of the Wheatfield and South Forks.  Steelhead trout were the most prevalent at the
four sites sampled on the South Fork upstream of the confluence (sites B-E), ranging from 13 to
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33 fish.  Two sites sampled on the Wheatfield Fork (F, G) also had a slightly higher number of
steelhead than roach.

Fourteen pools on the South Fork Gualala River were surveyed by snorkel during mid-October
1993 (see Table 5.5).  These pools extended from approximately 75 meters upstream of the
Wheatfield Fork confluence down to the confluence with Pepperwood Creek.  Gualala roach and
three-spine stickleback typically congregated in large schools; therefore, their abundance was
visually estimated (EIP, 1994).

TABLE 5.3.   SPECIES COMPOSITION AND RELATIVE ABUNDANCE (FISH/100M) BY HABITAT TYPE
UPSTREAM AND DOWNSTREAM OF SEA RANCH WELLS, 1991 (ENTRIX, 1992)

Habitat
Type

Species July October

Habitat Species Upstream Downstream Upstream Downstream
Riffle Steelhead 280 63 18 13

Gualala
roach

297 125 136 236

Three-spine
stickleback

615 69 63 68

Run Steelhead 451 121 47 40
Gualala
roach

148 161 505 146

Three-spine
stickleback

116 52 690 63

Deep
Pool

Steelhead 135 63 80 145

Gualala
roach

200 134 231 263

Three-spine
stickleback

116 110 147 115

Rootwad
Pool

Steelhead 388 193 171 81

Gualala
roach

977 1,474 318 178

Three-spine
stickleback

380 30 326 0
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TABLE 5.4.   AVERAGE JUVENILE STEELHEAD POPULATION ESTIMATES BY HABITAT TYPE
UPSTREAM AND DOWNSTREAM OF SEA RANCH WELLS, 1991 (ENTRIX, 1992)
Juveniles July October

Upstream Downstream Upstream Downstream
Base population
Riffle 8.0 3.3 0 2.5
Run 65.0 16.7 0 3.0
Deep Pool 44.5 20.0 29.0 24.0
Rootwad Pool 202.0 30.0 39.0 15.0

YOY
Riffle 278.0 66.3 18.0 25.5
Run 386.0 105.7 47.0 34.7
Deep Pool 112.0 71.0 46.5 179.0
Rootwad Pool 210.0 178.0 132.0 67.0

TABLE 5.5.  SNORKEL SURVEY OPERATIONS IN THE GUALALA RIVER, OCTOBER 1993 (EIP,
1994)
Site
Number

Steelhead
Trout Total

Steelhead Trout by Age Gualala
Roach
Total

Three-spine
Stickleback
Total

0+ 1+ 2+

1 95 74 19 2 900 250
2 34 16 18 0 1,500 200
3 293 246 46 1 1,400 800
4 72 30 36 6 1,350 200
5 78 49 26 3 880 126
6 47 30 17 0 400 0
7 65 51 13 1 720 60
8 68 58 10 0 30 0
9 9 9 0 0 740 0
10 6 4 2 0 350 0
11 27 23 4 0 100 1
12 8 8 0 0 1,200 200
13 135 100 35 0 750 0
14 140 100 35 5 750 150
TOTALS 1,077 798 261 18 11,070 1,987

Steelhead were observed at all sites, ranging in abundance from 6 to 283 fish.  Age 0+ steelhead
accounted for 74 percent of the population overall.  Age 1+ accounted for 24 percent of the
population.  The remaining 2% were comprised of age 2+ fish.  The Gualala roach was the most
abundant fish at the majority of sites, with population estimates of greater than 700 fish at 10 of
the 14 pools surveyed.  The roach and stickleback were typically common in backwater areas.
Stickleback typically inhabit shallow water habitats that could not be accurately assessed by
snorkeling, and therefore may have been more abundant than the survey indicated (EIP, 1994).
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Halligan (2000) studied the densities of steelhead in the North Fork Gualala River under contract
to the Gualala River Steelhead Project (GRSP) during the fall of 2000.  The purpose of the study
was to determine if the released steelhead would overwhelm the carrying capacity of the stream
and have an adverse affect on the naturally reared fish.

Unfortunately, there is very little information regarding optimal densities for salmonids in
Northern California.  The only report that comes close to suggesting an optimal upper limit is
Harvey and Nakamoto (1996, as cited by Halligan, 2000) when they observed a significant
decline in juvenile steelhead survival rates when densities rose from 1.5 fish/m2 to 3 fish/m2 in
South Fork Caspar Creek.

Four survey reaches were studied within the mainstem Gualala River and the North Fork Gualala
River (Table 5.6).  Underwater observations for this study were made by snorkeling.  Several
pool/riffle sequences were surveyed to obtain inter-reach habitat variability.  The first set of
dives was on September 16.  On October 13, a second set of dives was made, after a rain when
smolt may have migrated to the estuary.

TABLE 5.6.  JUVENILE STEELHEAD OBSERVATIONS IN THE GUALALA RIVER WATERSHED BY SIZE
CLASS, DENSITY, AND STREAM LENGTH (HALLIGAN, 2000).

Number by Age
Class

Density (fish/m2) Fish per meter of
stream length

Reach Age
Class

Sept. Oct. Sept. Oct. Sept. Oct.
YOY 0 0 0 0 0 0

1+ 0 3 0 0.0008 0 0.014
2+ 0 7 0 0.002 0 0.033
3+ 0 2 0 0.002 0 0.033

1
Mainstem-
100’
downstream of
N. Fork Total 0 12 0 0.005 0 0.08

YOY 33 22 0.03 0.02 0.19 0.13
1+ 64 83 0.06 0.08 0.37 0.47
2+ 9 12 0.008 0.01 0.05 0.07
3+ 3 0 0.003 0 0.02 0

2
N. Fork- 100’
Upstream of
Little N. Fork

Total 109 117 0.101 0.11 0.63 0.67
YOY 99 60 0.07 0.04 0.39 0.23

1+ 73 133 0.05 0.09 0.29 0.52
2+ 8 16 0.006 0.01 0.03 0.06
3+ 0 1 0 0.001 0 0.004

3
N. Fork- 2,500’
down-stream of
Robinson Creek

Total 180 210 0.126 0.14 0.71 0.81
YOY 18 37 0.017 0.035 0.08 0.16

1+ 34 65 0.03 0.062 0.15 0.28
2+ 10 18 0.009 0.017 0.04 0.08
3+ 7 2 0.007 0.002 0.03 0.009

4
N. Fork-
3,500’ upstream
of Dry Creek

Total 69 122 0.063 0.12 0.3 0.53

The resulting data from the Halligan (2000) study in the Gualala watershed are comparable to the
fish population data collected by Entrix (1992), in the South Fork Gualala River in October
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1991.  The juvenile steelhead abundance in 1991 averaged 80 fish per 100 meters of stream
length for all habitat types combined.  The North Fork estimates averaged 30-71 fish per 100
meters (for all habitat units) in September, and 53-81 fish in October (Halligan, 2000).  Previous
surveys performed in the North Fork Gualala River indicated steelhead densities between 0.19
and 1.5.

Halligan (2000) concluded, that based on the low density of juvenile steelhead and the presence
of underutilized habitat units, it appears that the North Fork Gualala River may not be at carrying
capacity.  The winter survivability of steelhead parr may be greater in the North Fork than the
lower mainstem.  The fish densities in the North Fork and Gualala River appear to be relatively
low when compared to data from other watersheds in the region (see Table 5.7).  It is important
to note that these types of data are highly variable and reflect only short periods in time, not
actual populations.

TABLE 5.7.  JUVENILE STEELHEAD DENSITY FROM WATERSHEDS IN NORTHERN CALIFORNIA
(HALLIGAN 2000)

Year Location Density (fish/m2) Source (as cited in
Halligan, 2000)

1952 Lower Gualala River 0.39 Kimsey (1953)
1967-1969 N.F. Caspar Creek 0.54 – 1.39 Burns (1971)
1988-1991 L.N.F. Gualala River 0.22-1.48 (0.52) CDFG (1991)

1993 N.F. Caspar Creek 1.5 Harvey & Nakamoto
(1996)

1994-1995 Little River & Tribs.
Humboldt Co.

0.3 – 0.58 Louisiana Pacific
unpublished data

1998 Freshwater Creek
Humboldt Co.

0.32 Pacific Lumber Co.
Unpublished data

1999 Freshwater Creek
Humboldt Co.

2.01 Pacific Lumber Co.
Unpublished data

A stream inventory was performed by the CDFG during the summer of 1999 (CDFG, 2000) in
McKenzie Creek (tributary to Marshall Creek), and its tributaries.  The inventory indicated the
presence of steelhead (mainly YOY), in McKenzie, Camper, and Carson Creeks; however, none
were observed in Wild Hog Canyon Creek.  Populations were not estimated as part of this
survey.  A 1964 survey of McKenzie Creek, performed by CDFG, indicated that it was an
important tributary to the South Fork Gualala due to excellent steelhead and coho spawning areas
(CDFG, unpublished data (a)). Coho were not observed during the 1999 survey.  A 1964 stream
survey of Marshall Creek noted the presence of 100 steelhead and 30 coho per 100 feet of
stream.
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5.2.2.2 Coho Salmon

Michael Maahs and the Salmon Troller’s Marketing Association performed redd surveys in the
Little North Fork and the North Fork Gualala three times during February 1991 (1st through the
15th).  No live coho or carcasses were observed and only two redds were observed in the Little
North Fork.  Five redds were found on the North Fork just downstream from the mouth of the
Little North Fork.  These redds were most likely laid by fish headed for the Little North Fork
which did not spawn due to low flow conditions (Maahs and Gilleard, 1994).  CDFG had planted
yearling coho in this stream in 1988 (see Table 5.8).  However, this spawning activity was not
believed to be due to returning adult coho from this release since the redds were not found until
the second February survey (Maahs and Gilleard, 1994).

The CDFG conducted electrofishing (summer-rearing) surveys in several tributaries of the
Gualala River between 1983 and 1998 (Table 5.2).   Coho were only observed at the upper and
lower Little North Fork stations during October 1988, at 0.36 and 0.92 fish/m2, respectively.
Coho were not previously observed at these locations during the October 1983 sampling, nor
were they observed in subsequent sampling events during the 1989 – 93, 1995 and 1998 surveys
at these same locations.

During the previous season surveys (1989-90), there were as many as 17 redds (or 2.06
redds/mile of stream) observed in the Little North Fork Gualala (Nielsen, et al., 1990), many of
which were observed during the month of January (indicating that they were likely coho redds).

Coho were not observed during the snorkel, electrofishing or stream surveys conducted in the
watershed during the 1990s, as described above.

5.2.3 Shifts in Fish Community Structure

Higgins (1997) described the shifts that appear to have taken place in the Gualala River
community structure as the Gualala roach and the three-spine stickleback have become more
prevalent in recent years.  Brauer (1953, as cited in Higgins 1997) stated that although Gualala
roach were present throughout the river basin, they were found only in small numbers.  An
electrofishing sample taken on the lower main stem Gualala River just below the North Fork by
Kimsey (1952) indicated that steelhead were the most abundant species.  Dive observations in
July and October 1991 (EIP 1994) on the Lower South Fork below the Wheatfield Fork showed
a community dominated by Gualala roach and stickleback (Tables 5.3 & 5.4).  CDFG stream
surveys also indicate that the density of roach and stickleback have greatly increased since the
1960s.  Halligan (1997), in comments on the draft of Higgins 1997 report, suggested that
steelhead might make up a higher proportion of the community after a series of wet years.  The
1991 samples were taken after a sequence of drought years.
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5.2.4 Hatchery Contributions

CDFG planted steelhead juveniles from the Mad River Hatchery in the Gualala River from 1972
through 1976, and then again from 1985 through 1989.  A hatchery was operated by the Gualala
River Steelhead Project (GRSP) in the late 1980s using native Gualala River brood fish that were
caught by anglers.  In 1994, the GRSP changed the emphasis of their program to rescue, rearing,
and release (Bill Ackerman, personal communication).  However, records indicate that steelhead
were planted annually through 1997.  A total of approximately 435,000 steelhead were planted
during that time period.

CDFG planted coho salmon in the Gualala River and its tributaries from 1969 through 1973 and
then again in 1975, 1983, 1984, and 1988, and finally from 1995-1997 (see Table 5.8).  A total of
approximately 348,000 coho were planted during those years (CDFG, unpublished data).  Coho
salmon juveniles were also planted in the North Fork Gualala River in 1988 because suitable
habitat was present and electrofishing surveys showed that the stream had lost its historic coho
run (CDFG, unpublished data (b)).  Unfortunately, the large numbers of coho planted were
unable to prosper.  Poor survival of coho planted in the late 1980s was ascribed to drought
conditions, but the possibility of Bacterial Kidney Disease, a disease fairly common to hatchery
fish, was also raised (CDF 1994).  Higgins (1997) observed that although temperatures are cool
enough for coho salmon introduction, spawning gravel stability and pool volume in the Gualala
River may not be optimal for coho.

5.2.5 Synthesis

This assessment looks at existing data regarding the distribution and abundance of three life
stages of salmonids in the Gualala River watershed as provided by spawning surveys, stream
surveys, summer electroshocking and snorkel surveys (summer-rearing), and estimates of
hatchery releases.  Each of these data sources has the potential to provide useful information on
relative population structure and abundance; however, the data are insufficient to provide a
quantitative picture of salmonid abundance and distribution in the individual tributaries to the
Gualala River.

5.2.5.1 Steelhead

Steelhead have been observed throughout the entire watershed historically.  Available
information indicates that the populations show a pattern of decline.  However, it appears that
steelhead continue to be present in most tributaries throughout the watershed.

Data supports the hypothesis that the steelhead populations were in a declining trend as early as
the 1970s.  Steelhead population estimates calculated from the CDFG 1970s creel and mark-and-
recapture surveys conducted in the lower river indicate a large range in population, from a low of
571, to a high of 10,379.  Nonetheless, this information does provide some perspective.  If the
CDFG estimate in the mid-1960s of 16,000 steelhead in the Gualala River is reasonable this
range indicates that a substantial decrease in run size occurred in just a few years.
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TABLE 5.8.  GUALALA RIVER FISH PLANTS FROM CDFG (UNPUBLISHED DATA (C)

Year Approximate Number of
Fish

Entity responsible
for planting

Coho Steelhead
1969 Gualala: 90,042 CDFG
1970 Gualala: 30,000 CDFG
1971 Gualala: 30,000 CDFG
1972 Gualala: 15,003 Gualala :1,950; 10,800 CDFG
1973 Gualala: 20,007 Gualala: 20,345 CDFG
1974 Gualala: 8,532; 7102 CDFG
1975 South Fork Gualala:

10,005
Gualala: 10,036; 14,600 CDFG

1976 Gualala: 10,070 CDFG
1983 Gualala: 11,500 Walker Creek: 12,500 GRSP, GRSP
1984 Gualala: 12,000 Walker Creek: 13,400 GRSP, GRSP
1985 Gualala: 4,725; Gualala: 5,000 CDFG, GRSP
1986 Gualala: 27,450; Doty Creek:

30,000
CDFG, GRSP

1987 Gualala: 11,250; Gualala:
13,000

CDFG, GRSP

1988 Little N. Fork Gualala:
84,000

Gualala: 79,000; Gualala:
29,750

CDFG; GRSP,
CDFG

1989 Gualala: 42,700; Old Bridge
Hole (Son. Co. Park) 31,000

CDFG; GRSP

1990 Gualala River, Regional Park:
20,025; Gualala River, County
Park 21,312

GRSP; GRSP

1991 Robinson Creek: 2,000 GRSP
1994 North Fork Gualala: 4,600 GRSP
1995 Little N. Fork Gualala:

20,000
North Fork Gualala: 3,500 CDFG; GRSP

1996 Little N. Fork Gualala:
12,480

N. Fork Gualala 3,500 CDFG; GRSP

1997 Little N. Fork Gualala:
12,880

Doty Creek: 4,200 CDFG; GRSP

GRSP= Gualala River Steelhead Project Plant
CDFG= California Dept. of Fish & Game
Location was not reported if Gualala is noted in location column
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In only one sub-watershed were the CDFG stream surveys (unpublished data (a)) conducted
frequently enough to make any observations from the data.  This information was collected in the
Fuller Creek sub-watershed, where surveys were conducted in many of the same areas in the
1960s, 1970s, and 1980s.  These surveys indicate that significant numbers of steelhead were
observed in the early part of the 1970s, but these numbers (30-50/100 feet of stream) are lower
than those of the early 1960s (approximately 150/100 feet of stream).  In the late 1980s surveys,
the populations were noted to have decreased even further (17-53/100 feet of stream).

Presence/absence surveys conducted in the South Fork Gualala River and in the Wheatfield Fork
in the early 1990s indicate that the fish community is now dominated by Gualala roach and
three-spine stickleback in many areas.  In addition, a large percentage of the steelhead observed
appear to be YOY that may not be surviving to mature and propagate.  Additional studies would
be necessary to confirm this.

Halligan (2000) concluded that the fish densities in the North Fork Gualala River are low
compared to data from other watersheds in the region (see Table 5.6 and 5.7).  The steelhead
densities from this study are also lower than densities of previous surveys conducted by the
CDFG in the 1980s (see Table 5.2 and 5.6).

One area identified that should be considered a refuge area for salmonids is the Little North Fork
Gualala River.  As stated earlier, Maahs and Gilleard (1994) concluded that the juvenile presence
and spawning of steelhead in the Little North Fork Gualala River indicated that the production in
these streams was quite good.  It is also possible that the planting of steelhead in this sub-
watershed was more successful, possibly due to the presence of adequate habitat.

It is not possible to determine how the number of steelhead planted in various streams has
affected the overall population.  As stated earlier, studies during the 1975-76 season estimated
that 17% of the total catch was planted steelhead.  The year prior, 23% of the total catch was
estimated to be from plants (Boydstun, 1976b).

In-river harvest of steelhead in 1975-76 was estimated to be only 15% of the adult population
(Boydstun, 1976b).  The latest estimate of the total Gualala river steelhead population was in
1977, when CDFG estimated the winter steelhead population at 4,400 (Sheahan, 1991).

5.2.5.2 Coho

Due to the limited data, it is impossible to estimate the population size of coho salmon in the
Gualala River watershed.  However, it appears that the coho that were once plentiful have all but
vanished from this watershed.

Available data indicates that coho began to decline rapidly in the Gualala River watershed by the
latter part of the 1960s.  Few coho were observed in the stream surveys of the early 1970s and
coho were last noted in CDFG stream surveys in Fuller Creek (Wheatfield Fork) and its
tributaries in 1970 and in 1971.  Coho were also observed in Haupt Creek, a tributary to the
Wheatfield Fork in 1970.
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Coho were not observed during electrofishing surveys conducted in the basin during the 1980s
and 1990s, other than the Little North Fork, as noted earlier.  Coho were not caught during any
of the South Fork Gualala River and estuary studies conducted in the 1990s.

Juvenile coho that were observed during the 1997 surveys of Doty Creek and the Little North
Fork Gualala River could be the result of CDFG plants in 1995 (Dennis Halligan, personal
communication, as cited in Higgins, 1997).  It is possible that their progeny continue to exist in
this sub-watershed.

The last reported sighting of coho salmon in the Gualala River may have been the observed entry
of nine adult coho into the Gualala River when the sand bar opened at the mouth during the
winter of 1999-2000.

5.3 Summary of Water Quality Conditions in the Gualala Watershed

As described in Chapter 4, salmonids are anadromous fish that live part of their lives in the ocean
and part in freshwater.  The intent of this section is to evaluate the condition of the freshwater
habitat available to salmonids migrating to the Gualala River watershed for spawning, rearing,
and outmigration to the ocean.  While conditions outside of the Gualala River watershed
certainly have an effect on the success of the salmonid populations that return there to spawn, it
is the condition of the freshwater environment, particularly the sediment conditions, that is the
focus of this assessment.

5.3.1 Data Describing Sediment Conditions

The effect of excess sediment on the salmonid lifecycle and habitat is discussed in Chapter 4
and, in greater detail, in other references such as Spence et al. (1996) and Meehan (1991).
Information about in-stream sediment conditions was compiled from four sources:

● Coast Forestlands, Ltd. (CFL) Watershed and Aquatic Wildlife Assessment published in
1997.

● Gualala Timber Harvest Plans submitted in 1999, 2000.
● Testing Indices of Cold Water Fish Habitat, Knopp (1993).
● Gualala River watershed literature search and assimilation, Higgins (1997).

5.3.1.1 Coastal Forestlands, Ltd. (CFL) Assessment Data

Up until the summer of 1998, Coast Forestlands, Ltd. (CFL) owned approximately 35,000 acres
in the Gualala watershed. CFL collected stream data at twelve sites in the Gualala watershed.
Parameters collected include particle size distribution in riffles, residual depth of pools, canopy
conditions, and large woody debris (LWD) frequency and volume. Data was collected both in the
field and by remote sensing techniques.

CFL measured surface particle size distributions by Wolman pebble counts in 1996 on three
“prominent riffles which represented potential spawning sites” in each study reach, including
reaches on the North Fork Gualala, lower Rockpile Creek, and lower Buckeye Creek. The pebble
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count data shows the study reaches having an overabundance of fine sediment.  Median surface
particle diameter (D50) measurements ranged from 8 to 38 millimeters (estimated from
graphically presented data).  In addition, CFL reported “percent sand on riffles”, which measured
percentage fine sands in the samples with less than 2 millimeter diameter (which correlates with
percent fines, described in the next section).  CFL noted that samples from Upper Buckeye Creek
exceeded 15% sand for this parameter.

Criteria for evaluating D50 data presented by CFL can be taken from Knopp (1993), who
measured a suite of habitat variables, including median surface particle diameter of riffles, in 60
streams draining the Franciscan geologic formation in northwest California (including
Grasshopper and Fuller Creeks in the Gualala Watershed).  Sampled streams were divided into
three categories of increasing upslope erosion potential to assess whether measured variables
were affected by that condition.  The results of the study showed statistically significant
differences between D50s of managed and unmanaged streams.  The mean D50 of unmanaged
streams was 80.6 mm, while the mean of highly disturbed watersheds was 37.6 millimeters
(mm).  Comparing the Knopp data and the CFL data, instream conditions measured by CFL are
similar to highly disturbed watersheds as described in Knopp.

5.3.1.2 Gualala Redwoods, Inc. Stream Monitoring Data

Gualala Redwoods, Incorporated (GRI) owns approximately 30,000 acres in the Gualala
watershed and has monitored sediment conditions on streams in its ownership.  A portion of its
data, median particle size (D50) and percent fines < 0.85 mm, has been reported in timber harvest
planning (THP) documents.  Its results are summarized in Table 5.9.  As shown in Table 5.9, D50
values ranged from 14 to 89 mm for sampling locations throughout the watershed between 1997
and 1999.  With the exception of Dry Creek, an upland tributary to the North Fork Gualala River,
the median particle sizes were found to be 40 mm or less.  The data are similar to CFL data and
further indicate highly disturbed watersheds and widespread impact of upslope disturbances
throughout the watershed.

GRI measured percent fine sediments using a McNeil sampler from riffles in North Fork
tributaries.  The results are given in Table 5.9.  GRI data show a range of percent fines for the
five North Fork tributaries sampled (Little North Fork, Doty, Dry, McGann Gulch, and Robinson
Creeks) from 11% to 28%.  With the exception of Dry Creek, all of the tributaries, on average,
have percent fines greater than 15%, and thus fall within the range for salmonid habitat that is
less than ideal (Section 6.8).  At Dry Creek, both D50 and percent fine data for this stream
indicate that the substrate for this creek provides suitable salmonid spawning habitat with respect
to these two parameters.
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5.3.1.3 Knopp Report Data (1993)

As part of a study to develop indices for cold water fish habitat in coastal Northern California
(referred to earlier in this section), Knopp (1993) reported the following data for Fuller and
Grasshopper Creeks in the Gualala River watershed:

Stream V* D50 (mm)
Fuller Creek 0.37 43.2
Grasshopper Creek 0.59 36.8

V* is a parameter that represents the proportion of fine sediments that occupy the scoured
residual volume of a pool (Lisle and Hilton, 1992).  The values for the parameters listed above
corresponded to watersheds that the report categorized as having moderate to high levels of
disturbance.

5.3.1.4 Regional Water Board Staff Observations

Regional Board Staff were able to observe approximately 4.5 miles of streams during their
random sample plot field work.  An additional, approximately 1.5 miles of streams scattered
throughout the watershed were also visited.

A thin to non-existent armor layer (surface layer that is more coarse than the subsurface
sediments) underlain and embedded with fine sediment typified observed riffles.  The absence of
an armor layer is indicative of an oversupply of sediment (Dietrich et al., 1989). Sand is the
dominant substrate in many of the observed reaches. Spawning size gravels are overlain and
embedded with fine sediment in observed riffles of the North Fork, Rockpile Creek, Wheatfield
Fork, and the South Fork while Buckeye Creek was characterized by relatively more
embeddedness and fine sediment without an armoring layer.  Francini Creek, a tributary to
Buckeye Creek, has fine sediment almost completely burying cobble.

The pools observed in the Gualala watershed are typically shallow and contained substantial
volumes of fine sediments.  Pools in areas expected to be deep, such as at abrupt bends or pools
formed by boulders, were observed to be shallow with a substrate of sand and fine sediment.  A
substantial portion of the observed reaches were runs and glides with small substrate (sand to
pea-size) that presumably would contain pool habitats if the sediment load were lower.  While
the North Fork Gualala River contained the most substantial pools of the observed stream
reaches, there is a lack of pools suitable for rearing salmonids in observed reaches throughout the
Gualala watershed.

Buckeye Creek, Rockpile Creek, and the lower Wheatfield Fork appear to be aggraded, as
indicated by the wide, flat channel geometry, lack of an armor layer, scarcity of pools, and
exposed tree roots in the streambanks.  Notable exceptions are the areas of Fuller Creek and the
upper South Fork that were observed to be recovering from prior aggradation.  The observed
reaches of the North Fork Gualala also appear to be recovering from prior aggradation, as
indicated by the presence of partially buried logs, vegetated mid-channel bars (now floodplains
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or terraces), and exposed bedrock sills.  The channel does, however, show evidence of an over-
abundance of fine sediment indicated by sand to pea-size accumulations in pools and flatwater
habitats.

5.3.2 Habitat Conditions

CDFG conducted a number of stream surveys from the 1950s to the 1980s.  These are
summarized in Section 5.1.  Few recent habitat inventories exist for streams in the Gualala
watershed. CDFG conducted a fisheries inventory of McKenzie Creek and its tributaries in 1999.
A moderate amount of data describing stream conditions that relate to salmonid habitat
conditions is contained in the Coastal Forestlands, Ltd. (CFL) Watershed and Aquatic Wildlife
Assessment (1997).  In addition, Gualala Redwoods, Inc. (GRI) reported some habitat
information in their recent timber harvest plans (THPs).

5.3.2.1 CFL Channel Assessment Data

Results of CFL’s surveys indicate that the stream reaches surveyed are LWD deficient. Values of
two indices, LWD pieces per bankfull width and volume index, are well below targets developed
by Peterson et al (1992) for the State of Washington (Table 5.10). A notable exception is Fuller
Creek, where indices were much higher than the Washington standards. The Washington State
targets are based on values taken from unmanaged streams in western Washington, where forests
are dominated by Douglas Fir. Rates of decomposition of Douglas Fir are higher than Redwood,
therefore it is reasonable to assume that LWD abundance would be higher in unmanaged
Redwood forest streams.

TABLE 5.10.  LARGE WOODY DEBRIS CONDITIONS OF GUALALA SUB-WATERSHEDS (CFL, 1997)

Planning WS CFL LWD
Frequency (# LWD/

Bankfull Width)

Washington
LWD

Frequency
Target

Volume
Index

(m3/LWD)

Washington
Volume

Index Target

Fuller Creek 5.1 2.21 1.6 1.45
Buckeye Creek 1 2.07 0.9 2.99

NF Gualala 0.7 2.04 1.3 3.36
Mid Rockpile 0.5 2.01 2.0 3.93
Lower Mid
Rockpile

0.3 1.99 1.9 4.39

Lower Buckeye
Creek

0.7 1.95 1.3 5.22

The low volume and frequency of LWD in the Gualala Watershed may be reflective of the early
beginnings of logging in the watershed.  The first mill in Gualala was built in 1862 and logging
continued in earnest until 1906 when the mill at Gualala burned down and logging decreased.
Logging picked up once again after World War II.  Second growth logging began as early as
1894, and it is likely that many stands are in their fourth or fifth cycle (White-Parks 1980).  The
riparian timber stands were most likely logged most extensively, given the fact that they were
closest to the railroads and skid trails that were used to move the trees to the mills. In the earliest
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days of Gualala logging the method of transporting logs was the “splash dam”, which was
breached after enough water was impounded behind the dam to float the many logs placed in the
channels to the mill at the river mouth. Removal of obstructions, such as submerged logs, was a
common practice in the splash dam era.  Logging in the later half of the twentieth century has
undoubtedly limited recruitment of LWD since.

CFL evaluated canopy conditions on Class I streams on their ownership by analysis of aerial
photos (Table 5.11).  Photos from 1965 and 1995 were analyzed to evaluate the degree of
recovery during the 1965-1995 period. The results show recovery ranging from approximately
61-73% for four of the stream reaches (Billings, middle Rockpile, lower middle Rockpile, and
lower Rockpile).  The North Fork Gualala reach was anomalous in that from 1965-1995 canopy
opening on the reach had increased 102 % since 1965.

CFL also reported the average residual pool depth at three “prominent” pools in each of the field
sampled reaches as shown on Table 5.11.  It is unclear how “prominent” was defined.  It is
possible that the three “prominent” pools surveyed were the three largest pools. Of the twelve
reaches surveyed, three had average residual pool depths ranging from 1.25 to 1.6 feet, three
ranged from 3.3 to 3.9 feet, and the other six ranged from 2.0 to 2.7 feet.  Although the data is
poorly defined, if one assumes that the three “prominent” pools sampled were the deepest pools
in the reach, the data indicates pool depths are less than desirable.

TABLE 5.11.  CANOPY CONDITIONS ON SELECT STREAM REACHES (CFL, 1997)

Planning WS % Valley
Canopy

Opening (‘65
photo)

% Valley
Canopy

Opening (‘95
photo)

% Decrease
in Valley

Opening '65-
'95

% Canopy
Closure
(field)
‘65-‘95

NF Gualala 12.9 26 -102% 33
Billings Creek 26.3 7 73% N/A
Mid Rockpile 68.4 18 74% 40

Lower Rockpile 69.2 47.7 31% N/A
Lower Mid
Rockpile

76.7 29.7 61% 30

Fuller Creek N/A 29.6 N/A 21
Buckeye Creek N/A 18.2 N/A 28
Lower Buckeye

Creek
N/A 9.5 N/A 29

Flat Ridge Creek N/A 12.4 N/A N/A
NF Buckeye N/A 14 N/A N/A
Wolf Creek N/A 16.3 N/A N/A

Tobacco Creek N/A 35.6 N/A N/A

5.3.2.2 EIP Data

In 1991 EIP Associates surveyed approximately 4.1 miles of the lower South Fork Gualala from
the confluence of the South Fork and Wheatfield Fork at Valley Crossing to the Confluence of
the North and South Forks.  The most common habitat was shallow pools (Table 5.12).  Higgins
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(1997) suggests that a portion of the habitat reported by EIP Associates would have been better
classified as run or glide, rather than shallow pool.  Higgins then concluded, “the low pool
frequency and high occurrence of flat water habitats clearly indicates major aggradation
problems in the lower reaches of the Gualala River.”

TABLE 5.12.  LOWER SOUTH FORK GUALALA HABITAT TYPING DATA (EIP, 1994)

Reach Shallow
Pool

Deep
Pool

Root Wad
Pool

Glide Riffle Run

Valley Crossing
- Sea Ranch

Road

59.6 7.1 0.9 21.1 9.1 2.2

Sea Ranch
Road –

Buckeye Creek

77.2 9.1 0.3 4.6 4.9 4.1

Buckeye Creek
– North Fork

72 13.2 0 5.2 4.1 5.2

5.3.2.3 Gualala Redwoods, Inc. Timber Harvest Plans

Baseline data collected by Gualala Redwoods, Inc. (GRI) on Pepperwood and Buckeye Creeks
were summarized in a recent timber harvest plan (GRI Flats South THP, 1999).
Big Pepperwood Creek was found to contain “good quantities of gravels which do not appear
embedded.”  The stream was reported to have 90 to 100 percent canopy cover in the lower
reaches of the creek, with an average high stream temperature of 60.6°F (15.9°C).  In Buckeye
Creek, pools were found to comprise 20% of all habitat types, with pool depths of greater than 3
feet.  The overall mean shelter rating for pools was 126 (of a maximum of 300).  An average
shelter rating of 100 is considered desirable for good salmonid habitat.  Pool tailings were found
generally to be moderately embedded (25 to 50%) with fine sediments.  Buckeye Creek was
estimated to have 65% canopy cover, and an average high temperature of 71.9°F (22.1°C), above
the preferred range of coho salmon.

5.3.2.4 McKenzie Creek

The California Department of Fish and Game (CDFG) conducted a fisheries inventory of
approximately 2.6 miles of McKenzie Creek and its tributaries in July and August of 1999.  The
surveyed tributaries included Carson Creek, Camper Creek, and Wild Hog Canyon. The
objectives of the inventory were to document presence and distribution of salmonid species, as
well as their available habitat (CDFG, undated).

The results of the inventory showed that habitat conditions in the surveyed streams were below
desirable levels. For instance, pools were found to be shallow, averaging 1.2 feet deep, with only
15% deeper than three feet. Pool shelter ratings were also found to be low, with a mean shelter
rating of 23. Embeddedness ratings, a measure of spawning substrate suitability, generally
showed spawning substrates of poor quality due to excess fine sediments.
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Water temperatures measured during the survey were suitable for steelhead in all streams.
Camper Creek was the only stream found to have temperatures suitable for coho salmon,
however. The report suggests that higher riparian canopy densities in Camper Creek are
responsible for the better temperature conditions.

Two pools in McKenzie Creek and one pool in Carson Creek were electrofished. Juvenile
steelhead and California roach were found in both creeks, and a three-spined stickleback was
found in McKenzie Creek. No coho salmon were found.

5.3.2.5 Regional Water Board Staff Observations

A range of channel complexity conditions was noted in the watershed.  In some reaches, a lack
of deep pools and woody debris, and a high proportion of runs and glides diminished channel
complexity.  In other observed stream reaches, especially reaches of Buckeye Creek, the channel
is mostly flat and shallow, with little complexity.  Many areas lacked a defined thalweg and were
flat from bank to bank.  In general, channel complexity was noted to be poor.  Stream reaches
with moderate to high complexity were found in Fuller Creek and the upper South Fork.

The main subwatershed streams and their immediate tributaries that were observed had very few
large woody debris (LWD) pieces in the active channel.  However, smaller tributaries were
observed to have substantial quantities of LWD, mostly stumps and cull logs from earlier
logging activities which in certain locations have created large debris jams.  In contrast to other
observed tributaries where aggradation was more extreme, the North Fork Gualala River had
some LWD pieces that had been buried in the past and are now partially exposed.  In general, an
adequate amount of LWD was noted in first and second order stream channels, while a dearth of
LWD was noted in higher order streams.

5.3.2.6 Anecdotal Evidence

Higgins’ 1997 “Gualala River Watershed Literature Research and Assimilation” contains an
1898 photo of sailboats near the mouth of the Gualala River, which he interpreted to indicate
deeper lagoon conditions.  His interpretation is supported by Ken Spacek’s memories of river
conditions when he was a boy, which would contrast stream conditions prior to the Forest
Practice Rules and the 1964 flood to conditions of today.  Spacek recalls the challenge of driving
off-road vehicles up and down the river and the extreme difficulty of crossing the river due to the
depth of flow, whereas now the same stretches can be driven without getting axles wet.  Spacek
also recalls jumping off of boulders into swimming holes where sediment has now buried both
the pools and the boulders (Ken Spacek, personal communication 2001).

In 1997 Ken Spacek interviewed seven elders from the Gualala Watershed about historical
stream and fishery conditions.  The following list summarizes the recollections of the
interviewees (Spacek, unpublished):
• Fish were abundant in the past and now are scarce,
• The Gualala has filled in with sediment, particularly on the South Fork downstream of Valley

Crossing,
• Brush willow is much more common today,
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• Log and driftwood accumulations are less common,
• River otters are now more common in the Gualala than in the past,
• The mouth of the river stays closed longer and takes more rain to breach
• Chinook Salmon used to be found in the Gualala.

5.3.3 Data Describing Stream Temperature Conditions

Stream temperatures may also be a factor limiting salmonid production in the Gualala River
watershed.  Stream temperatures may be affected by increased sedimentation.  For example,
thermal refugia, such as deep thermally stratified pools and cold water seeps where fish are able
to escape warmer water, can be eliminated by increased sedimentation.  The following section
presents data describing stream temperature conditions and is included as supplementary
information.

The effect of temperature on the salmonid lifecycle is complex and is discussed in Section 4.1.2.
Briefly, the salmonid life cycle processes affected by temperature include: metabolism; food
requirements (appetite and digestion); growth rates; development of embryos and alevin; timing
of life history events (such as adult migration, fry emergence, smoltification); competitor and
predator-prey interactions; disease-host and parasite-host interactions; and, the development of
aquatic invertebrate food sources (Spence et al. 1996).  Stream temperature also determines the
amount of dissolved oxygen that can be carried by a stream, with higher temperatures resulting
in lower dissolved oxygen concentrations.

Stream temperature data have been collected in the Gualala River watershed by several entities.
Often the sources do not report the methods of data collection, or complete data sets or statistics
that would allow further analysis.

The Gualala River Watershed Council (GRWC) installed hobo temperature data loggers on the
North Fork of Fuller Creek, the South Fork of Fuller Creek, and the Wheatfield Fork in the
summer of 1997 (Higgins, 1997).  Data are available in graphical format showing daily
minimum and maximum temperatures.  The probes were placed in a shaded portion of the stream
in flowing water and recorded temperature at a regular interval, numerous times a day for the
period of record.  Monthly temperature ranges are shown in Table 5.13.  Additionally, numerous
hobo temperature loggers were installed by the GRWC  from 1998 to 2000, although the 1998-
99 data was not available at the time this report was prepared (see Table 5.13).  Maximum
weekly average temperature (MWAT) values shown for GRWC data are the highest of the
seven-day moving average of the daily average temperature for a single station in a single
season.

Temperature data are also available from Gualala Redwoods Incorporated (GRI) timber harvest
plan monitoring.  Hobo temperature data loggers were placed in various streams at the inlets of
pools in well mixed areas by GRI from 1993 through 1998.  The period of monitoring for each
station in each year is unknown, but it is likely that monitoring occurred during low flow periods
(approximately May through September).  Seasonal daily maximum and maximum weekly
average temperature (MWAT) statistics are reported for each temperature probe on an annual
basis while daily data are available for a limited number of stations (GRI, 1998; 1999a; 1999b;
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1999c; 1999d; 1999e; 1999f; 1999g; 1999h; 2000).   Maximum weekly average temperature
(MWAT) values reported by GRI are the highest of the seven-day moving average of the daily
average temperature for a single station in a single season.  Summary data is given in Table 5.13.
Plate 6 shows GRI sampling locations.

Mendocino Redwood Company (MRC) monitored stream temperature using Stowaway data
loggers on Annapolis Falls Creek and Fuller Creek, both tributaries to the Wheatfield Fork
(MRC, unpublished data).  Monitoring was performed in the summer of 1995 and 1996 on
Annapolis Falls Creek.  Monitoring was performed in the summer of 1994 and 1995 on Fuller
Creek.  Temperature probes were placed in shallow pools (<1 meter in depth) directly
downstream of riffles.  Data is reported for each temperature probe location on a line graph
showing minimum, maximum, and mean daily temperature.  Summary statistics are also
included.  Monthly temperature ranges for MRC temperature data are given in Table 5.13.

Figure 5.1 shows MWAT values by subwatershed for temperature monitoring locations within
the Gaulala River watershed.  The range of MWAT values are indicated for locations where
more than one year of monitoring is available.  In Figure 5.1, the South Fork, Wheatfield Fork,
and the North Fork subwatersheds shows MWAT bars of two colors.  The bars of the left color
block are mainstem locations and bars of the right color block are tributary locations.

Based on temperature data available, the following observations can be made for each
subwatershed.

• MAINSTEM GUALALA RIVER:  One station was monitored in the mainstem of the Gualala
River.  Seasonal daily maximum temperatures in excess of the upper lethal temperature
(75°F) for rearing coho salmon and steelhead and MWAT values above the MWAT metric
for juvenile steelhead growth (66°F) are not noted on the mainstem of the Gualala River.
However, exceedance of the MWAT metric for juvenile coho salmon growth (64°F) is noted
at the monitoring location.

• SOUTH FORK GUALALA RIVER SUBWATERSHED: MAINSTEM - Temperature ranges for
continuous monitoring stations on the South Fork Gualala River indicate temperatures in
excess of preferred rearing temperatures for coho salmon and steelhead.  Seasonal daily
maximum temperatures in excess of the upper lethal temperature (75°F) for rearing coho
salmon and steelhead are noted on the mainstem South Fork Gualala River.  Exceedance of
the MWAT metric for juvenile coho salmon growth (64°F) and juvenile steelhead growth
(66°F) are noted at five of six locations where MWAT values were calculated.  No clear
trend for a spatial temperature distribution is noted on the South Fork Gualala River.
TRIBUTARIES - Exceedance of the MWAT metric for juvenile coho salmon growth (64°F) and
juvenile steelhead growth (66°F) are noted at one of seven and zero of seven  monitoring
points respectively. No seasonal daily maximums exceeding the upper lethal temperature
(75°F) for rearing coho salmon and steelhead were noted at monitoring locations on
tributaries of the South Fork Gualala River.

• WHEATFIELD FORK GUALALA RIVER SUBWATERSHED: MAINSTEM - Exceedance of the upper
lethal temperature (75°F) for rearing coho salmon and steelhead is noted at each location
where the Wheatfield Fork was monitored (from just upstream of Fuller Creek to the just
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upstream of the confluence with the South Fork Gualala River) excepting one location.
Exceedance of the MWAT metric for juvenile coho salmon growth (64°F) and juvenile
steelhead growth (66°F) is also noted at all but one monitoring point on the Wheatfield Fork.
The location (GRI station 228) where upper lethal temperatures and the MWAT metric for
juvenile salmonid growth are not exceeded may be located in an area where temperatures
were less than average due to pool stratification, emergent groundwater, shading, and/or
temperature probe placement.  Temperature ranges indicate exceedance of preferred coho
salmon and steelhead rearing temperatures on the Wheatfield Fork.  No clear trend for a
spatial temperature distribution is noted on the Wheatfield Fork.
TRIBUTARIES - Fuller Creek exhibits temperatures in excess of the upper lethal temperature
(75°F) for rearing steelhead and coho salmon at two out of five locations, while temperatures
on Annapolis Falls Creek are relatively lower, with no exceedance of the upper lethal
temperature (75°F) for coho salmon and steelhead.  MWAT values in excess of MWAT
metrics for juvenile coho salmon (64°F) and steelhead growth (66°F) are noted at two and
one locations respectively where this parameter is evaluated.  Temperature ranges indicate
exceedance of preferred coho salmon and steelhead rearing temperatures on Fuller Creek,
while Annapolis Falls Creek may have temperatures within the preferred range for rearing
steelhead.

• BUCKEYE CREEK SUBWATERSHED: MAINSTEM - Monitoring was only performed on Buckeye
Creek.  Monitoring indicates that temperatures are greater in upstream reaches than in
downstream reaches, possibly due to cool tributary inflow, increased stream depth, coastal
proximity, emergent groundwater, and/or shading in downstream reaches.  Seasonal daily
maximum temperatures in excess of the upper lethal temperature for rearing coho salmon and
steelhead (75°F) were measured three of six monitoring locations.  Reported MWAT values
are in excess of the MWAT metric for juvenile steelhead growth (66°F) and juvenile coho
salmon growth (64°F).

• ROCKPILE CREEK SUBWATERSHED: MAINSTEM - Monitoring was only performed on Rockpile
Creek.  No clear trend is noted for temperature increase in the downstream or upstream
direction.  Significant variation in maximum daily temperature is noted in the middle reach
of Rockpile Creek, possibly due to cool tributary inflow, emergent groundwater, shading,
and/or temperature probe placement.  No exceedance of the upper lethal temperature for
rearing coho salmon and steelhead (75°F) is noted on the monitored reaches of Rockpile
Creek.  However, MWAT values exceeding the MWAT metric for coho salmon growth
(64°F) and juvenile steelhead growth (66°F) were measured at three of four locations.
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• NORTH FORK GUALALA RIVER SUBWATERSHED: MAINSTEM – Data indicates that temperatures
within the North Fork Gualala River subwatershed are lower than temperatures in other
subwatersheds.  Further, seasonal daily maximum temperatures and MWAT values indicate
that North Fork Gualala River tributaries are generally cooler than the North Fork Gualala
River.  Exceedance of the upper lethal temperature (75°F) for rearing coho salmon and
steelhead is noted at only one location on the North Fork Gualala River.  Exceedance of the
MWAT metric for juvenile steelhead growth (66°F) and juvenile coho salmon growth (64°F)
are noted at two of five and four of five locations respectively on the North Fork Gualala
River.
TRIBUTARIES – No exceedance of either the upper lethal temperature (75°F) for rearing coho
salmon and steelhead, or of the MWAT metric for juvenile steelhead growth (66°F) are noted
at any locations on monitored North Fork Gualala River tributaries.  Exceedance of the
MWAT metric for juvenile coho salmon growth (64°F) is noted at one location.

Table 5.14 shows summary data for upper lethal temperature and MWAT values for the Gualala
River watershed.

TABLE 5.14.  SUMMARY OF UPPER LETHAL TEMPERATURE AND MWAT VALUES FOR THE
GUALALA WATERSHED

SUBWATERSHED Upper Lethal
Temperature (75°F)

(locations with
exceedance / total

number of locations)

MWAT metric for
coho salmon growth

(64°F)
(locations with

exceedance / total
number of locations)

MWAT metric for
steelhead growth

(66°F)
(locations with

exceedance / total
number of locations)

GUALALA RIVER Mainstem 0 / 1 1 / 1 0 / 1
SOUTH FORK Mainstem 4 / 8 5 / 6 5 / 6
GUALALA RIVER Tributaries 0 / 7 1 / 7 0 / 7
WHEATFIELD Mainstem 6 / 7 4 / 5 4 / 5
FORK Tributaries 2 / 6 2 / 2 1 / 2
BUCKEYE CREEK Mainstem 3 / 6 6 / 6 5 / 6

Tributaries 0 / 0 0 / 0 0 / 0
ROCKPILE CREEK Mainstem 0 / 4 3 / 4 3 / 4

Tributaries 0 / 0 0 / 0 0 / 0
NORTH FORK Mainstem 1 / 5 4 / 5 2 / 5
GUALALA RIVER Tributaries 0 / 17 1 / 17 0 / 17
TOTALS Mainstem 14 / 31 23 / 27 19 / 27

Tributaries 2 / 26 4 / 26 1 / 26
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Collected data indicates that temperatures in most of the Gualala watershed exceed preferred
juvenile rearing temperature ranges for steelhead and coho salmon.   Limited exceedance of
short-term maximum temperatures for rearing coho salmon and steelhead occur in monitored
tributaries throughout the watershed while exceedance of short-term maximum temperatures
occur in the mainstem of each subwatershed more frequently as indicated in Table 5.13 and 5.14.
Data describing the extent of pool stratification in the watershed would help describe the extent
of thermal refugia available to salmonids.

5.4 Conclusions

Available data suggest that the success of salmonid spawning, incubation, and emergence
success may be limited by the following factors:

• Impact of fine sediments on spawning and rearing habitats
• Reduced channel complexity caused by elevated sediment loads
• Lack of pool habitat provided by Large Woody Debris (LWD)
• Increased stream temperature possibly due to canopy removal and an oversupply of sediment

Information regarding much of the watershed is sparse and sporadic; much of the available
information is collected by timber companies who own approximately 35% of the land.

5.4.1 Salmonid Abundance

Information available is insufficient to provide a quantitative picture of salmonid abundance and
distribution in individual streams; however, it suggests general trends throughout the watershed.
Available data indicate that steelhead trout continue to be present in most of the watershed,
although the populations show a pattern of decline starting as early as the 1970s.  Historic
evidence and surveys suggest that coho were once plentiful but have all but vanished in this
watershed.  Evidence of the historic presence of chinook salmon in the Gualala was provided
from anecdotal evidence only (Spacek, unpublished interviews).

Presence/absence surveys conducted in the South Fork Gualala River and the Wheatfield Fork in
the early 1990s indicate that the fish community, once plentiful with steelhead, is now dominated
by Gualala roach and three-spined stickleback in many areas.

The most complete information regarding salmonid abundance was collected on Fuller Creek, a
tributary of the Wheatfield Fork.  CDFG surveys performed from the early 1960s to the late
1980s reveal a continuous decline in steelhead abundance.  Coho began to decline rapidly in the
latter part of the 1960s, and were last noted in CDFG stream surveys in 1970 and 1971.

5.4.2 Stream Conditions

As noted in Section 5.3.1, in-stream substrate samples taken by CFL (1997), GRI (1992-1999),
and Knopp (1993) generally indicate that aquatic habitat throughout the watershed is impaired by
excessive fine sediments.  Median surface particle diameter (D50) measurements were made by
both CFL and GRI at numerous locations; GRI also measured percent fines data for the North
Fork and some of its tributaries. V* data was provided by Knopp (1993).  The data suggest that
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upslope disturbances have impacted stream substrates with excessive fine sediments, and
impaired the ability of the aquatic habitat to support salmonid spawning, incubation, and
emergence. The exception is Dry Creek where both D50 and percent fines data indicate good
spawning habitat. Regional Water Board staff observations of conditions existing in the Spring
of 2001 indicate that stream channels are still greatly impacted by fine sediment.

5.4.3 Aquatic Habitat

In a 1955 CDFG survey, Fisher stated:

“Considerable damage has been done to Gualala River headwaters. In this respect, the
stream has been damaged more than average on the north coast, percentage-wise.”

Since then, CDFG surveys have reported a watershed impacted by past logging practices (Rowell
et al. 1964, Klamt and Edwards 1970).  Recent data indicate that current streambed habitat
remains impaired for salmonid spawning, incubation, and emergence.

Results of CFL surveys provide evidence that, with the exception of Fuller Creek, stream reaches
throughout the Gualala River watershed lack essential habitat provided by LWD.  As explained
in Section 5.3.3, two indices measured for the survey, LWD pieces per bankfull width and LWD
volume index, measured for the survey, fell short of criteria established by Peterson et al (1992).
Past land management involving logging and associated practices such as splash dam log
transportation, as well as previous CDFG projects that removed migration barriers throughout
the watershed, have led to the dearth of salmonid habitat provided by LWD (Section 5.3.2).

Temperature data from the Gualala River Watershed Council (GRWC 1997, 2000) Gualala
Redwoods Inc. (GRI 1993-1998) and the Mendocino Redwoods Company (MRC, unpublished
data) suggest that stream temperatures for most of the watershed exceed preferred juvenile
rearing temperature ranges for steelhead and coho.  Limited exceedance of short-term maximum
lethal temperatures for steelhead and coho occur throughout the watershed.  The causes of
elevated stream temperatures (e.g., changes in channel morphology, reduced riparian canopy
cover, aggradation) have not been thoroughly assessed.

5.4.4 Potential watershed improvements and additional information needs

Generally, available data indicate that aquatic habitat could be improved by reducing sediment
delivery, increasing large woody debris for sediment metering and habitat, and enhancing the
riparian canopy cover to reduce stream temperatures.  In the Fuller Creek and McKenzie Creek
watersheds, road-related erosion is believed to be a major source of sediments to the stream, and
is the focus of ongoing restoration efforts.

More detailed temperature data and analysis, such as that provided by Forward Looking Infrared
(FLIR) Imagery and channel surveys, will help characterize temperature dynamics and thermal
refugia within the watershed.

A comprehensive monitoring program to evaluate suspended fine sediments and turbidity is
required to adequately determine the impacts of fine sediment on beneficial uses including
municipal and domestic supply (MUN), water contact recreation (REC-1), non-contact water
recreation (REC-2), spawning reproduction, and/or early development (SPWN), and cold
freshwater habitat (COLD).
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CHAPTER 6
SEDIMENT SOURCE ANALYSIS

6.1 Factors Affecting Sediment Loading

The unstable geology and high precipitation rates along the North Coast of California, including
the Gualala watershed, make streams in the region susceptible to elevated sediment loading from
anthropogenic and natural sources.  Sources of sediment delivery to aquatic habitat include
natural erosion processes as well as those influenced by anthropogenic activities, such as road
construction and timber harvest.

6.1.1 Natural Processes

Soil mass movements, or landslides, are a significant component of hillslope erosion and
sediment transport to stream channels in mountainous regions (Meehan, 1991).  Mass wasting
processes such as debris slides and debris flows tend to yield sediment episodically.  Other mass
wasting processes such as slumping, soil creep and earthflows tend to yield sediment more
gradually, although these processes may be both gradual and episodic (Selby, 1993; National
Research Council, 1996).

Natural mass wasting may add substantial quantities of sediment and organic debris to the stream
channel, altering aquatic habitat for many years.  Effects include rapid increases in bed and
suspended-sediment loads, shifts and redistribution of existing channel-bed sediments, and
partial or complete blocking of the channel by debris.

Surface erosion results from the detachment of particles from the hillslope surface (Meehan,
1991).  The process usually results in the delivery of fine sediment through channelized erosion
from rilling and gullying, overland flow transport, or gravitational movement of dry particles
(Selby, 1993).   In an undisturbed watershed, surface erosion is generally low.  However, effects
can vary from year to year since surface erosion usually results from intense rainstorms or excess
surface flows after the soil is bared by natural processes, such as landslides or wildfire.

6.1.2 Anthropogenic Activities

6.1.2.1 Road Construction

Roads are a major source of erosion and sedimentation on most managed forest and ranch lands
(Weaver and Hagans, 1994).  The construction of roads increases the potential for surface
erosion and slope instability by increasing the area of bare soil exposed to rainfall and runoff,
obstructing stream channels and by altering subsurface flow pathways.  Road ditches concentrate
storm runoff, and increase its erosive power to form rills and gullies, pathways of sediment
delivery to streams.

Culverted stream crossings often fail during storm events causing massive fill wash outs and
stream diversions.  Stream crossing failures occur when the hydraulic capacity of the culvert is
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exceeded either because of obstruction of the inlet or inadequate culvert sizing.  Stream crossing
fill material is often washed into watercourses when water accumulates behind the road fill prism
until it flows over and erodes the road fill, or the fill becomes saturated and catastrophically fails
(Furniss et al, 1998).  In some instances, stream crossing failures divert streams out of their
channels and down the roadway, which often leads to gullies, landslides and other stream
crossing failures (Furniss et al, 1998; Weaver, et al 1995).

Road fill prisms can act as hydraulic barriers to subsurface flow which acts to increase localized
pore pressure, reducing material strength, often causing landsliding.  The practice of sidecasting
soils during road grading also increases the likelihood of landsliding.  Cutbanks related to road
construction often fail and deliver sediment and other debris to watercourses.  Cutbank failures
can also plug inside ditches causing erosion of the road surface.  In addition, roads built on steep
or unstable slopes may exacerbate soil mass movements, by increasing slope weight and
decreasing slope support, as well as altering groundwater pressures. (Meehan, 1991).

6.1.2.2 Timber Harvest

Timber harvest is another anthropogenic activity that affects erosion and slope stability.  The
quality of management planning and implementation strongly influences sediment production
from forest-harvesting activity (Meehan, 1991; Cafferata and Spittler, 1998).  Timber harvest
activities such as clearcutting and construction of landings and skid trails can increase erosion
and sedimentation (Meehan, 1991; Lewis, 1998).  These activities increase exposure of bare
surfaces to rainfall and runoff, modify surface water flow pathways, and therefore increase the
potential for surface erosion.  Removal of vegetation associated with logging has been shown to
increase peak stream flow and reduce lag between high precipitation events and high stream flow
events (Ziemer, 1998), which can lead to bank erosion downstream.  Vegetation removal and soil
compaction associated with timber harvest can reduce the factor of safety on hillslopes and
increase susceptibility to mass wasting by elevating pore pressures and decreasing root strengths
(Keppler and Brown, 1998; Abe and Ziemer, 1991).

6.1.2.3 Livestock Management

Livestock grazing has the potential to increase rates of sediment delivery.  Reduction of
vegetative cover from intense grazing can lead to increased surface erosion by exposing soils to
rainsplash, increasing runoff velocities, decreasing infiltration rates, and reducing soil strength
provided by roots (Bauer and Burton, 1993; Selby, 1993).  Livestock can also cause direct
sediment delivery by collapsing stream banks, wearing trails at watercourse crossings, and
breaking down soils where confined livestock operations (i.e. feeding areas, and corrals) are near
streams.  Livestock grazing can also lead to indirect sediment delivery by changing the structure
and composition of riparian vegetation.  Overgrazing can lead to reduction in the strength and
cohesion of streambanks, which then leads to bank erosion, higher width-to-depth ratios or
downcutting.

Pacific Watershed Associates conducted a sediment source investigation as part of the Van
Duzen River watershed sediment TMDL.  The Van Duzen River watershed is similar to the
Gualala River watershed in many ways including vegetation, geology, and land use.  The results
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of their investigation show very little direct sediment delivery attributable to cattle grazing.
They concluded that current grazing activities were not a significant sediment contributor in the
Van Duzen River watershed (PWA, 1999).

6.1.2.4 Vineyards

Although little information is available that documents the impacts of viticulture on soil erosion,
the clearing of vegetation for viticulture may considerably increase surface erosion through
exposure of bare earth to rainfall and runoff.  Conversion of timberlands to vineyards could
presumably have the same effects on a watershed’s hydrologic response to rainfall.  Observations
made by Regional Water Board staff indicate that conservation practices used by vineyards
(cover cropping, buffer strips, terracing, etc.) have variable effects on erosion prevention.  Rills
develop and soil loss becomes noticeable from vineyards when erosion rates reach 8-15
tons/acre/year (White, 1986; Laurel Marcus and Associates, 1999).

6.1.2.5 Fire History and Sediment Loading (Natural & Anthropogenic)

The burning of forests may dramatically increase sediment loading to streams (Meehan, 1991;
Robichaud, 2000). The degree to which wild fires and prescribed burns affect erosion and
sediment delivery varies greatly, however, depending on site characteristics and burn intensity
(Robichaud, 2000).  Wildfires expose bare mineral soil to increased runoff and surface erosion.
In addition, fire also increases the potential for landslides after the event due to the decay of
anchoring and reinforcing root systems, as well as alteration of soil and hydrologic
characteristics (National Research Council, 1996).

6.2 Approach

The intent of the sediment source analysis is to characterize the loading of sediment to streams in
the Gualala watershed.  The analysis is meant to determine the gross level of impairment of the
watershed as well as determine the relative level of impairment of each major subwatershed due
to increased sediment delivery.

The approach taken in the sediment source analysis focuses on rates of sediment delivery from
upslope and streamside sediment sources to waters of the state for the period of 1978 to 2000.
Sediment sources identified include debris slides, debris flows, earth flows, soil creep, gullies,
stream crossing washouts and diversions, road surface erosion and skid trail surface erosion.
While many of the sources identified in this analysis undoubtedly contribute to chronic turbidity,
the analysis is not of a suitable scale or design to assess sources of chronic turbidity.
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The sediment source analysis was developed from a number of components.  Those components
are:
• An analysis of aerial photos taken in 1978 (Mendocino Co.), 1988 (Sonoma Co. &

Mendocino Co.), 1999 (Sonoma Co), and 2000 (Mendocino Co.) which quantified mass
wasting features and identified roads.  Aerial photos from 1978 (Mendocino County) were
also used to quanitify masswasting sources.

• Field measurement of sediment sources in stratified randomly selected 16-hectare plots
• An assessment of sediment delivery from public roads
• An analysis of selected private roads.

The sediment source analysis is meant to characterize the variety and scope of processes
currently delivering sediment to the Gualala River and its tributaries.  Sediment stored in
channels has already been delivered to the stream system and is therefore beyond the scope of
this analysis. Regional Water Board staff observed locations where large amounts of
redistributed stored sediment had caused significant damage to aquatic habitat in the past.  Future
efforts to prioritize restoration efforts should take into account the potential for in-stream stored
sediment to limit restoration effectiveness.

In contrast to direct sediment delivery in which sediment is directly discharged to a stream or is
carried to a stream through a conduit such as a gully or ditch, indirect sediment delivery, which
changes the rates of erosional processes over long time frames (e.g.,. loading of colluvial hollows
with sediment), was not evaluated.  The evaluation of indirect sediment delivery was beyond the
scope of this document.

Chronic sediment delivery from bare surfaces of exposed lanslides was assumed to be a minor
component of the sediment input budget, and was therefore not assessed, based on the results of
the Louisiana-Pacific (L-P) Garcia River Watershed Analysis (L-P, 1998).  In their study, L-P
estimated delivery from this source to be 4 tons/square mile/year, less than 1% of the entire
sediment inputs for the same time period.  Regional Water Board staff believe this is a
reasonable assumption given that the Gualala and Garcia watersheds are similar in vegetation,
geology, topography, land use, and rates of sediment delivery from initial rapid landslide
movement.

6.3 Methods

6.3.1 Aerial Photo Analysis

The Regional Water Board contracted with the Information Center for the Environment
(Department of Environmental Science & Policy, UC Davis) to provide an aerial photo analysis
of recently active mass wasting features and road systems in the Gualala watershed.  For this
purpose, recently active mass wasting features are defined as those that exhibit signs of
movement discernible from sequential sets of aerial photos at a 1:24,000 scale.  A geologist with
experience in aerial photo interpretation in the Mendocino coastal area performed the aerial
photo analysis.  By nature, aerial photo analysis is a subjective analysis that relies on the
judgment and experience of the interpreter.  To improve confidence in the aerial photo results of
the interpretation, 7% of the mass wasting features were visited in the field.
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Active landslide features were mapped on 1988 and 1999 (Sonoma County) or 2000 (Mendocino
County) vertical stereoscopic aerial photographs using a scanning stereoscope with 1.5 and 4.5
power.  Use of a complete photo set from either 1999 or 2000 would have been optimal but was
not available.  Use of the 1999 and 2000 photos for different portions of the watershed were
considered acceptable given the mild winter that occurred between the photo dates. The
methodology was modified from Six Rivers National Forest protocol (Smith, 2000).

Features were initially identified on 1988 photos, then checked on 1999/2000 photos for
enlargement.  New features were also identified on 1999/2000 photos.  The presence/absence
and relative size of features present in 1988 were checked on 1978, 1965, and 1952 photos
available for approximately the northern third of the watershed.  The scale of 2000, 1999, 1988
and 1978 photos was 1:24,000.  The 1965 scale was slightly larger (approx. 1:20,000).  The 1952
photos were not in stereo pairs and had a much larger scale (approx. 1:4,000).  Features were
then digitized into a GIS point coverage using digital orthographic quarter quads for the Sonoma
County portion, and digital raster graphs (DRG) of USGS 1:24,000 quadrangle maps for the
Mendocino County portion.  To avoid underestimating the contribution of smaller features
difficult to identify due to photo scale, aspect and shading, those judged to be smaller than
10,000 ft2 in plan view were not included in this inventory.  Estimates of delivery from mass
wasting features < 10,000 ft2 were developed from on-the-ground measurements and
extrapolated.  Certainty of identification was noted as questionable, probable or definite.
Questionable features were rechecked on older or overlapping photos if available, then dropped
from the inventory if certainty did not improve.

Features were classified as either shallow debris slide, debris flow, deep-seated debris slide,
earthflow, enlarging roadcut, or road fill/crossing failure.  Only the active portions of deep-
seated features were identified, usually the toe or side scarps.  Similarly, large, complex
earthflows were not identified in their entirety.  Instead, actively eroding surfaces larger than
10,000 ft2 were individually identified within complex earthflow features.  Larger earthflows
contained multiple erosion surfaces smaller than 10,000 ft2, which were not suited to a point
coverage of erosion features.  Therefore, earthflow identification was not included in the aerial
photo analysis (see Section 6.3.5 below for estimation techniques that were used to quantify
earthflow sediment delivery).  Road fill/crossing failure type was used when debris slides
originated in and mobilized primarily fill material.  Features classified as enlarging roadcuts
were interpreted as an additional, discrete failure from a road cutbank, after cessation of road
building activity.  Fill and cutbank failures were distinguished from more ‘natural’ appearing
debris slides that intersect roads by the geometry of the failure and the judgment of the
interpreter.

The area of the zone of depletion of each feature was estimated using a constructed acetate
overlay.  Maximum length (slope distance) in delivery direction and maximum horizontal width
were measured directly on photographs using a 50 per inch engineering scale.  Slope position
was noted as inner gorge, hillslope, no break in slope (usually within a headwall basin), or both
inner gorge and hillslope with the top scarp above the inner gorge extending down to
watercourse.  Delivery was estimated to the nearest ten percent, based on hillslope position and
visual connectivity.

The geographic relationship of each feature to management activity was also noted.  Features
were classified as ‘natural’ when there was no geographic intersection or visible connection



Gualala River Watershed 86
Technical Support Document
For Sediment
North Coast Regional Water Quality Control Board

between the feature and any apparent management activity in the region around the feature.  For
features intersecting roads that were improved at least to accommodate log trucks (haul roads), it
was noted if the feature intersected the cut bank, fill slope, or both.  It was also noted if features
intersected landings, skid/tractor roads used in ground based harvesting or recent recognizable
harvest units.

6.3.1.1 Mass Wasting Extrapolation Methods

1978 aerial photos were evaluated where available to extend the temporal extent of the aerial
photo analysis.  However, 1978 aerial photos were available only for the Mendocino portion of
the Gualala watershed.  The analysis of Mendocino County 1978 photos was used to aid in the
estimation of sediment delivery from mass wasting features identified in Sonoma County for the
period of 1978-1988.  An estimate of the 1978-1988 sediment delivery for Sonoma County was
made as described below.

• The delivery volume for Mendocino Co. features that appeared between 1978 and 1988 was
differentiated from the delivery volume for Mendocino Co. features that enlarged between
1978 and 1988.

• The ratio of 1978-1988 sediment delivery volume for new features to total 1988 volume for
Mendocino County was multiplied by the total 1988 volume for Sonoma County features to
estimate Sonoma County delivery from new features.

Assumption:  The ratio of sediment delivery from new features to total feature volume for
1978 and 1988 is equal in the Gualala watershed for Mendocino and Sonoma County.
This assumption was made based on the similar geology, rainfall, land use and vegetation
present in Sonoma and Mendocino County portions of the Gualala River watershed.

• The ratio of 1978-1988 sediment delivery for features that enlarged to total 1988 volume for
Mendocino Co. was multiplied by the total 1988 volume for Sonoma Co. features to estimate
Sonoma Co. delivery from features that enlarged.

Assumption:  The ratio of sediment delivery from enlarged (1978-1988) features to total
1988 feature volume is equal in the Gualala watershed for Mendocino and Sonoma
County.  This assumption was made based on the similar geology, rainfall, land use and
vegetation present in Sonoma and Mendocino County portions of the Gualala River
watershed.

• 1978-1988 sediment delivery by subwatershed and management relation for Sonoma County
features was estimated by using known 1988 volumes by subwatershed and management
relation.  1988 volume ratios by subwatershed and management relation, scaled by the
estimated total delivery volume for Sonoma County features were extrapolated to estimate
sediment delivery volume by subwatershed and management relation for Sonoma County.

Assumption:  The sediment delivery volume by management relation and subwatershed
between 1978 and 1988 is proportional to the volume by management relation and
subwatershed from the 1988 photo analysis in Sonoma County.  This assumption was
made based on the similar geology, rainfall, land use and vegetation present in Sonoma
and Mendocino County portions of the Gualala River watershed.
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6.3.1.2 Field Verification Methods

45 of the 607 features identified in the aerial photo analysis and 11 additional features were field
verified by the geologist who conducted the aerial photo analysis, aided by Regional Water
Board staff. Measurements of slope distance, width, and slope of the surrounding hillslope were
made if access was available.  Estimates of average depth, delivery percent, ratio of exposed
bedrock to colluvium, and age of feature were made. Average dimensions and slopes of features
were estimated from measurements made using a laser rangefinder with an internal digital
clinometer.  A four-tiered anthropogenic hierarchy was established to estimate management
activity influence.  Features were classified as: 1) no apparent management relationship; 2)
management activity probably did not cause feature and contributed a only minor amount of
material; 3) management activity probably caused feature and has contributed a significant
amount of material; and 4) management activity definitely caused feature and contributed nearly
all mobilized material.

6.3.2 Field Measurement of Randomly Selected Plots

Regional Water Board staff conducted a field investigation of 17 randomly selected 16-hectare
survey plots during the months of April and May 2001.  The objectives of the random plot
measurement effort were to quantify and categorize discrete sources of sediment delivery that
have occurred since 1978, and to develop data to be used in road surface erosion and streambank
erosion estimates.  The year 1978 was chosen because it corresponded with aerial photo
coverage available to Regional Board staff for the Mendocino County portion of the watershed
where the field methods were finalized and personnel were trained.

6.3.2.1 Sample Design

A stratified random sampling approach was used to select measurement plots. Stratified random
sampling is a method of sampling in which the area of interest (in this case the Gualala River
watershed) is divided into subareas of relatively uniform character.  For this investigation, the
watershed was subdivided by geology and vegetation, attributes likely to control erosion and
sediment delivery (see Plate 8).  A 16-hectare grid was superimposed on the stratified areas and
each grid plot assigned a random number using a spreadsheet and random number generator.
Next, a randomly selected list of plots was created.  If access to grid plots was denied by
landowners, the grid plot in question was deleted from the list and the next grid plot was
selected.

The procedure for surveying individual plots began with identification of the plot boundaries.
Plot boundaries were superimposed on both orthophotos and topographic maps (Figure 6.1 and
6.2), and the coordinates of the plot corners determined for use with global positioning system
(GPS) receivers.  Enlarged copies of all available aerial photos were created for use in the field
prior to surveying.

The process of surveying sediment sources in the field began with walking all stream channels in
the plot.  Stream channels were defined as watercourses exhibiting evidence of annual scour (i.e.
channels that have the capacity to transport sediment through fluvial action).  Stream bank height
(areas susceptible to bank erosion) and composition (as percent bedrock) were measured at 100-
yard intervals.  Signs of active erosion and aggradation were also noted.  Individual erosion
features encountered while traversing stream reaches were measured and recorded as described
below.
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FIGURE 6.1.  SMALL FEATURE SEDIMENT SOURCE EXAMPLE ORTHOPHOTO WITH SAMPLE PLOT
OVERLAY

FIGURE 6.2.  SMALL FEATURE SEDIMENT SOURCE EXAMPLE TOPOGRAPHICAL MAP WITH
SAMPLE PLOT OVERLAY

A second component of the plot surveys measured road characteristics related to surface erosion.
The total length of active roads in the plot was measured, as well as the total length of
hydrologically connected roads (length that drains to stream, defined by breaks in slope and
water flow paths).  The height of the cutbanks, percentage of cutbanks composed of bare soil,
road width, and road surface type (native, rocked, or paved) were measured at 50 yard intervals.
Also, the level of use was categorized for each segment of road encountered.  Roads were
categorized as frequently, seasonally, or rarely used.  Frequently used roads were defined as
those showing signs of year-round use such as tire tracks in mud.  Seasonal roads were defined



Gualala River Watershed 89
Technical Support Document
For Sediment
North Coast Regional Water Quality Control Board

as being driven often enough to prevent vegetation from growing on the entire road surface,
while rarely used roads were defined as those driven frequently enough to show signs of
infrequent use, but still allow vegetation to grow.

Each source of sediment delivery greater than 10 cubic yards was measured and categorized.
Ten cubic yards was chosen as the minimum size based on Pacific Watershed Associates’
sediment source investigation of Jordan Creek, Humboldt County, a basin with similar geology
and vegetation to the Gualala River watershed.  In that investigation sediment sources less than
10 cubic yards accounted for 40% of the sediment source features, but amounted to less than less
than 2% of the total volume (PWA, 1999).  The age of each feature was estimated from the age
and type of vegetation and, when possible, aerial photos.  In most instances growth of conifers
on the feature enabled estimation of the feature’s age.

Each feature was categorized by type (debris slide, gully, earth flow, stream crossing failure,
etc.) and cause (natural, road fill, road ditch, stream crossing, skid trail, etc.).  Additional
information describing the hillslope location (upper, middle, low, and streamside) and
geomorphic association (inner gorge, stream channel, swale, headwall, planar hillslope, break in
slope, other) of each feature was collected.

6.3.2.2 Extrapolation of Results

Access to sample plots for field analysis limited data extrapolation efforts for the random plot
analysis.  Given an adequate number of sample plots in each geology-vegetation terrain type,
sediment delivery for each geology-vegetation terrain type could have been estimated and
extrapolated.  However, excepting hard Franciscan conifer terrain (in which 12.4 plots were
located) and hard Franciscan mixed conifer terrain (in which 3.3 plots were located), no plots, or
only a fraction of a plot was surveyed for all other terrain types.  In the absence of adequate
sample plot data to estimate small feature delivery by geology-vegetation terrain type, delivery
from non-road related features was estimated by making average delivery equal throughout the
watershed.  Sediment delivery associated with road cutbank, ditch, fill, and surface associated
features, were extrapolated to the rest of the watershed using GIS generated road densities.  For
stream crossing failures, GIS generated stream crossing densities were used to extrapolate
delivery volumes by watershed.  Future sediment source investigations in the Gualala River
watershed should combine random plot analyses with road erosion studies and allow more time
for gaining landowner access and outreach.

Additional Field Data Collection

After review of the random plot field measurements, Regional Board staff determined that
additional data collection was required to describe sediment delivery from main haul roads.
Road-related gully volumes and hydrologic connectivity were measured on over one and a
quarter miles of main haul road.  The measurements were then extrapolated to all main haul
roads throughout the watershed.
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6.3.3 Surface Erosion Assessment

6.3.3.1 Road Surface Erosion

Road coverage of the Gualala watershed was created or improved by the Information Center for
the Environment (ICE), UC Davis.  1:100,000 scale county roads from Teale Data Center and
1:24,000 roads from California Department of Forestry and Fire Protection (CDF) were used as a
template to which roads were added or deleted.  CDF classified roads in their coverage into the
following road use/surface categories:  primary (4+ lanes), secondary (2-3 lanes), improved
(rocked), unimproved (seasonal), and temporary (4-wheel drive) roads.  Additional roads were
screen digitized to digital raster graphs from 25 Digital Orthophoto Quarter Quadrangles
(DOQQs), or where DOQQs were not available 1999 or 2000 aerial photographs and a
stereoscope with hand transfer.

Rates of road-related surface erosion (excluding public roads) were derived from a modified
version of the Washington Forest Practice Board’s (WFPB) watershed analysis methodology.
In order to utilize this methodology, all roads in the database were further categorized by traffic
and road surface as either hardened (paved), primary (gravel greater than 6”), seasonal (gravel
less than 6”) or rarely used/recently abandoned (native rock, soil). Classifications were
subjective and made using limited field verification and knowledge of the road network.
Hardened (paved roads) in the watershed were easily identified from local knowledge. Main haul
roads on industrial timberlands, frequently-used access roads (such as Kelly Road) on private
timber and range lands, as well as roads leading to residences and subdivisions were classified as
primary roads (gravel>6”).  Remaining roads that were identified by CDF were considered
seasonal roads (gravel < 6”), and roads digitized from DOQQs were considered rarely
used/recently abandoned (native rock/soil).

The following assumptions were used in applying the WFPB methodology to the Gualala River
watershed:

1) parent geologic material is highly weathered sedimentary rock
2) all roads are greater than 2 years of age
3) annual precipitation in the watershed is in the range of 1200 mm – 3000 mm (47  to 118

inches)

In addition, field measurements of average vegetation coverage on cut/fillslopes (10 to 50%),
average road widths (15 to 25 feet excluding ditch width), and average hydrologic connectivity
(25% for rarely used roads and 50% for all others) were assumed to apply broadly to the
watershed.  These assumptions determine factors that are used to adjust the sediment yield from
surface erosion of a reference road of 60 tons/acre of road prism/year to reflect local conditions.

The application of the model to quantify road surface erosion in the Gualala engenders moderate
uncertainty.  Although we believe the road coverage and use categorization is sufficiently
accurate and reflective of the road densities in the watershed, the predictive model was generated
more as a way of evaluating relative erosion potential for roads in Washington, rather than as a
tool for accurately quantifying total sediment loads.  However, the model provides a reasonable
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estimate  for calculating average annual loadings from this process in the watershed.  Regional
Board staff plan to measure rates of road surface erosion at locations in the Gualala River
watershed during the winter of 2001 to further refine these estimates.

6.3.3.2 Skid Trail Erosion

Sediment yields attributable to erosion of skid trails were estimated from data reported in the
Garcia and Albion Watershed Analyses (Mendocino Redwood Company, 1999, Louisiana
Pacific, 1998), due to the absence of data specific to the Gualala River watershed and lack of
access to recent timber harvests.  The average rate of skid trail erosion per square mile of area
harvested by tractor yarding in the Garcia and Albion (361 ton/mi2/yr) watersheds was applied to
the area harvested by tractor yarding in the Gualala River watershed.  The assumption is that
tractor yarding practices employed on Louisiana Pacific's Garcia and Albion properties has
resulted in nearly the same rate of sediment delivery as tractor yarding practices on timberlands
in the Gualala River watershed.  This is a reasonable assumption given the Garcia, Albion, and
Gualala River watersheds have similar geology, vegetation, topography, and climates.  It was
estimated that sediment delivery from skid trail surface erosion occurred for a duration of five
years, based on best professional judgment.  The area tractor yarded in the Gualala watershed
was estimated from a GIS coverage obtained from the CDF denoting timber harvest plan (THP)
areas for which the method of harvest was ground-based yarding.

6.3.4 Public Road Sediment Delivery Assessment

The US Environmental Protection Agency, with coordination from the Regional Water Board
contracted with Pacific Watershed Associates (PWA, through Tetra Tech) to provide an analysis
of sediment delivery caused by county road systems.  The analysis provides estimates of past
sediment delivery volumes from public roads, as well as information that will be useful in
developing implementation strategies for public roadways.  The remainder of this section is
based on PWA’s draft methodology description (PWA, 2001).

A sampling strategy was utilized to characterize erosional processes and sediment delivery
associated with public roads in the Gualala River watershed.  Selected roads were field
inventoried to identify past erosion.  Sampled road information was analyzed for delivery
volumes related to each hillslope position, vegetation, and bedrock association.  The sample data,
collected along 34.9 of 73.9 miles of road, was then extrapolated to represent all the public roads
in the Gualala watershed.

All sampled roads were field inventoried for past erosion and sediment delivery, including road
and turnout (historic landings) fill slope failures, stream crossing washouts, stream diversion
gullies and sites of road surface and ditch erosion.  Field personnel traced each erosion feature
downslope as far as public access allowed to determine dimensions (length, width, depth, and
volume) and past sediment delivery.  In some cases topographic maps, morphologic setting, and
professional judgment were employed to determine delivery.  County road related erosional
features that delivered sediment to a stream were recorded.  Sites with more than 20yd3 of
sediment delivery in the past were given a detailed write-up, whereas sites with less than 20yd3
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of sediment delivery were mapped and given a delivery-volume range.  An additional subset of
past erosion data was collected describing cutbank landslides.

All erosional features with more than 20yd3 of sediment delivery have a suite of data collected on
a site form.  Specific information includes: 1) unique site #; 2) age of the feature; 3) bedrock
geology and dominant vegetation type; 4) type of sediment source; 5) hillslope position; 6)
volume of erosion; 7) an estimate of the volume of sediment delivered to streams; 8) geomorphic
association, and 9) an estimate of the potential volume of sediment that may be delivered to
streams in the future.

The <20yd3 sites were assigned to one of the following ranges based on a quick quantification of
volume delivered: 1) <1yd3; 2) 1-5yd3; 3) 5-10yd3, or 4) 10-20yd3.  These ranges were
subsequently assigned the median value of the range to be used for sampled and extrapolated
delivery volumes.  In addition, the mapped location will designate (via GIS) a bedrock and
vegetation type classification to be used for data extrapolation of each <20yd3 site.

Cutbank landslides were approached somewhat similarly to <20yd3 sites, although they were not
assigned to a volume-range.  Average dimensions of cutbank slides were estimated and the
locations were mapped.  Additionally, they were assigned a delivery percent based on
observations of the nature of the slide.  Delivery percent considerations included:
• Was the slide large enough to make it over the road?
• Is the road close enough to a stream, to deliver?
• Was the deposit from the slide sidecast locally (common occurrence) and delivered from

there?
• And was the slide catastrophic, or gradual?

Generally, a delivery of 5 percent or less was assigned.  The exception was cutbanks that failed
gradually: it was assumed that slides that are oozing into an inboard ditch that is connected to a
stream network will have a higher delivery percent than slides that fail onto the road bench.
None of the cutbank slides were assigned a delivery greater than 10%.

The total county road delivery estimated by PWA was determined and distributed among the
subwatersheds based on county road density within each subwatershed.

6.3.5 Stream Bank Erosion

The fluvial erosion of bank materials was estimated based on estimates of soil creep rate and
drainage density.  This method assumes that the rate of stream bank erosion is in equilibrium
with the rate of soil production and delivery from hillslopes adjacent to the channels.  If this
assumption is false, then stream banks would be actively retreating or encroaching on the stream
channel.

Regional Board staff estimated creep rates in the Gualala River watershed based on
measurements of soil creep reported in literature for settings with similar climate and vegetation
in the Franciscan geology of the North Coast of California.  Measurements of drainage density,
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streambank height, and streambank composition made as part of the random plot surveys were
used to estimate the extent of streambank areas susceptible to bank erosion.

Regional Board staff reviewed literature reporting measurements of soil creep in the Franciscan
geologic formation (Lehre, 1987; Swanston, 1981; Swanston et al, 1995; Ziemer, 1984).  Soil
creep processes in the coastal belt Franciscan geology were evaluated separately from those in
the central belt Franciscan geology.  For the coastal belt terrain, soil creep was assumed to only
act on third order and smaller streams.  This assumption is based on Regional Board staff’s
observations that in fourth order and larger channels, most stream banks are composed of
bedrock, and other mass wasting processes dominate streamside inputs.  Creep rates in the
central belt were modified to account for earthflow processes.

Creep rates in the coastal belt Franciscan were assumed to be 1.6 mm/year, the average of the
values reported by Swanston (1981) and Lehre (1987).  The rate is within the ranges suggested
by the Washington Forest Practices Board (1997) (1-2 mm/year), and Selby (1993) (0.5-2
mm/year).  For terrains of the central belt of the Franciscan the value above was adjusted to
incorporate delivery rates associated with earthflows.  The rate of earthflow creep was estimated
to be 48 mm/year, based on measurements of earthflows reported by Swanston et al (1995).
Regional Board staff then developed a weighted average creep rate for the central belt terrains by
assuming 10% of streambanks were adjacent to earthflows (48 mm/year), with the remaining
90% creeping at the same rate as the coastal belt terrain (1.6 mm/year). This resulted in an
estimated overall creep rate of 6.3 mm/year for the central belt terrain.

6.3.6 Summary of Assumptions and Confidence

Assumptions
Many assumptions were made to develop sediment delivery estimates in the sediment source
analysis.  These assumptions are summarized below:

General
• The density of delivered sediment is 1.48 tons/cubic yard (EPA, 2000).

Aerial Photo Analysis
• All features greater than 10,000 ft2 in plan area were discernible on aerial photos.
• The intersection of a feature with a management relation (cut bank, fill slope, landing, etc.) is

indicative of a causal mechanism (field observations and best professional judgment).
• Percent delivery was based on the proximity of the feature to a water course and best

professional judgment.
• The ratio of sediment delivery from new features to total feature volume for 1978 and 1988 is

equal in the Gualala watershed for Mendocino and Sonoma County (based on similar
geology, vegetation, topography and climate).

• The ratio of sediment delivery from enlarged (1978-1988) features to total 1988 feature
volume is equal in the Gualala watershed for Mendocino and Sonoma County (based on
similar geology, vegetation, topography and climate).

• The sediment delivery volume by management relation and subwatershed between 1978 and
1988 is proportional to the volume by management relation and subwatershed from the 1988
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photo analysis in Sonoma County (based on similar geology, vegetation, topography and
climate).

• The average depth and slope of inner gorge features is 6.2 feet and 40 degrees respectively
(field measurement of limited landslides identified in aerial photo analysis).

• The average depth and slope of mid and up-slope features is 5.4 feet and 39 degrees
respectively (field measurement of limited landslides identified in aerial photo analysis).

Random Sample Plots
• Features less than 10 cubic yards are not a significant source of sediment in the Gualala

watershed (PWA, 1999).
• Sediment delivery from non-road related features is equal throughout the watershed.
• Sediment delivery associated with road cutbank, ditch, fill, and surface associated features,

was extrapolated to the rest of the watershed using GIS generated road densities (best
professional judgment).

• Sediment delivery associated with stream crossing failures was extrapolated to the rest of the
watershed using GIS generated stream crossing densities (best professional judgment).

Road Surface Erosion
• Rates of sediment delivery were estimated based on Washington Forest Practice Board’s

(WFPB, 1997) watershed analysis methodology (best readily available technology).
• Roads were stratified into four use classification. (limited field verification and knowledge of

the road network).
• All roads are greater than 2 years of age (best professional judgment).
• Field measurements of average vegetation coverage on cut/fillslopes (10 to 50%), average

road widths (15 to 25 feet excluding ditch width), and average hydrologic connectivity (25%
for rarely used roads and 50% for all others) apply broadly to the watershed (best
professional judgment).

• Tractor yarding practices employed on L-P's Garcia and Albion properties has resulted in
nearly the same rate of sediment delivery (361 ton/mi2/yr) (MRC 1999, L-P, 1998) as tractor
yarding practices on timberlands in the Gualala watershed (similar geology, vegetation,
topography, and climates)

Public Roads
• The total county road delivery estimated by PWA was extrapolated by subwatershed based

on county road density within each subwatershed (best professional judgment).

Stream Bank Erosion
• The rate of stream bank erosion is in equilibrium with the rate of soil production and delivery

from hillslopes adjacent to the channels (best professional judgment).
• For the coastal belt Franciscan terrain, soil creep was assumed to only act on third order and

smaller streams (field observations).
• Creep rates in the coastal belt Franciscan were assumed to be 1.6 mm/year, the average of the

values reported by Swanston (1981) and Lehre (1987).
• The rate of earthflow creep was estimated to be 48 mm/year, based on measurements of

earthflows reported by Swanston et al (1995).
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• The weighted average creep rate for the central belt Franciscan terrains was developed by
assuming 10% of streambanks were adjacent to earthflows (48 mm/year), with the remaining
90% creeping at the same rate as the Franciscan coastal belt terrain (1.6 mm/year). This
resulted in an estimated overall creep rate of 6.3 mm/year for the Franciscan central belt
terrain.

Confidence in Sediment Source Analysis

In general, confidence in an analysis was assigned as shown below.

• High Confidence - Data gathered in the field by Regional Water Board staff or other
specified professionals (i.e. PWA).

• Moderate Confidence - Aerial photo interpretation and other remote sensing techniques.
• Low Confidence - Values reported in other watershed investigations or similar geology,

topography, vegetation, and climate that are applied to the Gaulala watershed.

The aerial photo analysis portion of the sediment source analysis provides rates of sediment
delivery from features greater than 10,000 ft2 in plan area.  The estimate of sediment delivery
was determined by analyzing aerial photos to determine feature volumes, delivery percentages,
management relations, and other attributes.  Field visits to 46 of 607 features identified in the
aerial photo analysis and 11 additional features were made to ground truth features and estimate
average feature slope and average feature depth.  In combination with feature areas and
management relations determined during aerial photo interpretation, average feature slope and
average feature depth were used to estimate sediment delivery.  Delivery volume for the Sonoma
County portion of the watershed for 1978-1988 was estimated by using extrapolation methods to
relate sediment delivery determined for Mendocino County from 1978 to 1988 to Sonoma
County sediment delivery from 1978 to 1988.  Aerial photo analysis methods are limited by the
aerial visibility of features.  Features may not be visible due to photo aspect, topography, and/or
vegetation.  In addition, aerial photo analysis is subjective and dependent on the geologist
interpreting the aerial photo.  Thus, the aerial photo analysis performed by a geologist can be
interpreted with moderate confidence.  Extrapolation methods used to determine a temporal
component of the sediment delivery for Sonoma County should be interpreted with low to
moderate confidence.  The overall confidence in the aerial photo analysis is moderate.

The random plot analysis portion of the sediment source analysis provides rates of sediment
delivery associated with features 10,000 ft2 in plan area and smaller.  The sediment sources in
each sample plot were determined in the field.  These field estimates were extrapolated based on
watershed characteristics as described in Section 6.3.2.2.  Data collected in the field can be
interpreted with high confidence.  Extrapolations of field data can be interpreted with low
confidence due to the relatively small amount of plots that were visited.  The overall confidence
in the random plot analysis is low.

The road surface portion of the sediment source analysis provides rates of sediment delivery
associated with road surface erosion.  The estimate of road surface erosion was estimated by
applying values determined during field work and values derived from GIS coverage to a WFPB
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predictive model (see Section 6.3.3.1).   The values for percent of road with vegetation, average
vegetation coverage on cut/fillslopes, average road widths, and average hydrologic connectivity
were measured during random sample plot and other field work.  The confidence in the road
attributes measured in the field is high, however, the confidence in these estimates applied to the
entire watershed is low.  The WFPB road surface erosion model applied was generated more as a
way of evaluating relative erosion potential for roads in Washington, rather than as a tool for
accurately quantifying total sediment loads.  The confidence in the model as a tool for estimating
sediment delivery is low.  The overall confidence for road surface erosion sediment delivery is
low.

The skid trail portion of the sediment source analysis provides rates of sediment delivery
associated with skid trail surface erosion.  The estimate of skid trail surface erosion was based on
two values: the area harvested by ground based yarding, and the sediment delivery factor
associated with ground based yarding.  The estimated area harvested by ground based yarding
was determined from CDF GIS coverages of timber harvest plans.  The skid trail sediment
delivery factor was taken from data reported in the Garcia and Albion Watershed Analyses
(Mendocino Redwood Company, 1999; Louisiana Pacific, 1998).  Confidence in the area
harvested by ground based yarding is moderate while confidence in the sediment delivery factor
is low.  Overall confidence in the skid trail portion of the sediment source analysis is low.

The public roads portion of the sediment source analysis provides rates of sediment delivery
associated with public roads within the Gualala River watershed. PWA (2001) measured
sediment delivery from 34.9 of 73.9 miles of county roads.  The rates of sediment delivery were
extrapolated to the remainder of county roads by watershed as described in Section 6.3.4.  The
total county road delivery estimated by PWA was distributed among the subwatersheds based on
county road density within each subwatershed.   The confidence in the field measurements of
sediment delivery is high.  The confidence in PWA extrapolation methods is moderate.  The
confidence in the extrapolation of PWA estimates of total watershed delivery to each
subwatershed is moderate.  The overall confidence in the public roads portion of the sediment
source analysis is moderate.

The stream bank erosion portion of the sediment source analysis provides estimates of the rate of
sediment delivery associated with soil creep of stream banks and movement of earthflows.
Sediment delivery was estimated using soil creep rates associated with coastal belt Franciscan
geology and applying these rates to the watershed excepting the application of a weighted factor
to account for earthflow in the central belt Franciscan geology.  The soil creep rates were applied
to stream densities derived from stream surveys in random sample plots.  The stream density in
random sample plots was assumed to apply broadly to the entire Gualala River watershed.  The
confidence in soil creep rates is low.  The confidence in stream surveys within random sample
plots is high.  The confidence in the extrapolation of the stream surveys to the entire watershed is
low.  The overall confidence in the stream bank erosion portion of the sediment source analysis
is low.

The confidence in the entire sediment source analysis is low to moderate.  The sediment source
analysis is intended to give a broad watershed-scale overview of sources of sediment delivery in
the Gualala River watershed.  To that end, the primary objective of the Gualala River Watershed
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Technical Source Document for Sediment is to identify and quantify sources of sediment
delivery in a way that allows a relative comparison of those sources and to provide information
required for non-point source implementation and planning.

6.4 Sediment Source Analysis Results

This chapter and the analysis contained herein are intended to give a broad watershed-scale
overview of sources of sediment delivery in the Gualala River watershed.  This TSD document is
intended to guide landowners, land managers, and resource protection agencies in the protection
of water quality in the Gualala River watershed.  The primary objective of the Gualala River
Watershed TSD for Sediment is to identify and quantify sources of sediment delivery in a way
that allows a relative comparison of those sources and to provide information required for non-
point source planning and implementation.  The sediment source analysis and load allocations
should not be used for site-specific land management prescriptions or for any other purpose other
than that for which they are intended.

The results of the sediment source analysis are presented in Table 6.1.  Natural sediment yield
accounts for approximately 1/3 of the total sediment delivery in the Gualala watershed while
human-caused sediment delivery accounts for 2/3 of the sediment delivery in the watershed, or
200% of the natural load.  The analysis shows that road-related processes are the dominant
source of sediment delivery in the watershed.

It is important to note that although the analysis only estimates sediment delivery that has
occurred since 1978, pre-1978 management activities are still causing increased sediment
delivery.  While conducting the field measurements of random plots, staff observed many legacy
problems associated with management practices pre-dating the Z’Berg-Nejedly Forest Practices
Act.

The total natural sediment delivery in the watershed is estimated to be 380 ton/mi2/yr.  Regional
Water Board staff believes, based on best professional judgment, that 380 ton/mi2/yr may
actually be an underestimate of the true natural yield.  In cases of uncertainty, conservative
assumptions were made which incorporate a margin of safety in the loading capacity estimate.
Section 303(d) of the Clean Water Act requires that TMDLs include a margin of safety to
account for major uncertainties concerning the relationship between pollutant loads and instream
water quality.
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TABLE 6.1.  SEDIMENT SOURCE ANALYSIS RESULTS

Estimated Sediment Delivery (tons/mi2/yr)
Sediment Source Buckeye North

Fork Rockpile South
Fork

Wheatfield
Fork Entire Watershed

Natural Mass Wasting 170 170 210 190 180 180 Natural:
Stream Bank Erosion 190 200 180 220 200 200 380
Road Related Mass Wasting 450 580 350 290 310 370 Human-
Road-Stream Crossing Failures 70 70 60 40 40 50 Caused:
Road Related Gullying 190 80 40 130 210 150 840
Road Related Surface Erosion 210 160 100 150 120 140
Skid Trail Surface Erosion 40 60 20 20 20 30 (Roads:
Other Harvest Related Delivery 80 90 60 110 110 100 710)

Total 1400 1410 1020 1150 1190 1220

The categories in Table 6.1 are defined as follows:

Natural Mass Wasting:  Mass wasting (landslides, debris flows, etc.) not influenced by
anthropogenic activities. Note that earthflow delivery has been incorporated into the stream bank
erosion estimate.

Stream Bank Erosion:  Sediment delivered to stream channels by soil creep and earthflow
processes.

Road Related Mass Wasting:  Mass wasting (landslides, debris flows, etc.) originating from
roads.  Estimate was generated from aerial photo analysis and field measurement of random
plots.

Road-Stream Crossing Failures:  Sediment delivery associated with erosion caused by stream
crossings, including outlet erosion, stream diversions, and washouts.  (This is almost certainly an
underestimate due to the fact that stream crossings are often repaired after failure.)

Road Related Gullying:  Sediment delivery associated with gullies caused by road runoff.
Estimate was generated from field measurements of random plots and main-haul road survey.

Road Related Surface Erosion:  Sediment delivery of eroded road surface materials.

Skid Trail Surface Erosion:  Sediment delivery from surface erosion of skid road and trail
surfaces.

Other Harvest Related Delivery:  Sediment delivery associated with landings, skid roads and
trails not accounted for elsewhere.  This estimate was generated from the aerial photo analysis
and field measurement of random plots and includes both mass wasting and fluvial erosion of
skid trails and landings adjacent to streams.
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Caution should be exercised when interpreting the results presented above.  The numbers imply
greater accuracy than is warranted, given the estimation techniques used. The source analysis
and the findings presented in Chapter 5 support the following points:

1. Salmonid habitats have been significantly degraded as a result of excess sediment loads,
particularly fine sediments.

2. Sediment delivery in the Gualala River watershed has been dramatically increased by human
activities, especially the construction and existence of roads.

3. Most human induced processes attributed to increased sediment yields, particularly road
related erosion, are easily prevented and corrected.

6.5 Loading Capacity Estimate

The purpose of a Loading Capacity Estimate is to estimate the amount of a pollutant that can be
discharged to a waterbody without violating water quality standards.  The water quality standards
that relate to sediment-related concerns in the Gualala watershed are found in the Water Quality
Control Plan for the North Coast Region (commonly referred to as the “Basin Plan”).  The water
quality standards state:

The suspended sediment load and suspended sediment discharge rate of surface waters
shall not be altered in such a manner as to cause nuisance or adversely affect beneficial
uses.

And

Waters shall not contain substances in concentrations that result in deposition of
material that causes nuisance or adversely affects beneficial uses.

The beneficial uses sensitive to sediment impacts in the Gualala River watershed are:
• Cold Freshwater Habitat (COLD)
• Rare, Threatened, or Endangered Species (RARE)
• Spawning, Reproduction, and/or Early Development (SPWN)
• Migration of Aquatic Organisms (MIGR)
• Estuarine Habitat (EST)
• Municipal and Domestic Supply (MUN)
• Water Contact Recreation (REC-1)
• Non-Contact water Recreation (REC-2), and
• Commercial and Sport Fishing (COMM)

This assessment addresses the beneficial uses most impaired by sediment, which are are those
associated with the cold water fishery (COLD, SPWN, RARE, MIGR).  Thus, the Loading
Capacity Estimate attempts to quantify the amount of sediment, in addition to natural sources,
that can be introduced to the waters of the Gualala watershed without adversely affecting the
salmon and steelhead fishery.
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6.5.1 Loading Capacity Methodology

Although the best available science does not yet provide for a quantitative linkage between
sediment loading and instream water quality, there is a clear qualitative basis for the linkage.
Sediment loading above natural rates can cause various disturbances to streams as described in
Chapter 4.

Past sediment TMDLs have estimated loading capacity based on four methods:
(1) comparison of present conditions to conditions during a reference time period in which

salmonid stocks were healthy,
(2) comparison of current conditions to reference watersheds (streams in good condition),
(3) relating qualitatively the desired percent change of indicators to a percent change in loading,

and,
(4) Applying the percent reduction required in one watershed (based on (1), above) to another

watershed.

In the case of the Gualala watershed, Method 1 is not a viable option since management
activities and fisheries decline pre-date the earliest available air photo sets.  Little information is
available to select an appropriate reference period in the Gualala River basin to determine
loading capacity.  On-the-ground surveys of sediment processes that were occurring in the early
1900s are impossible due to re-vegetation and subsequent management. Thus, NCRWQCB is not
determining a loading rate based on a historical period in the Gualala River basin.

Method 2 depends on data describing sediment delivery to streams that currently have properly
functioning conditions.  While there may be streams meeting this criterion in the Gualala
watershed, NCRWQCB staff did not have  access to such areas and were unable to evaluate any.
Method 3 depends on the availability of in-stream indicator data from areas throughout the
watershed, which was not available in the Gualala.

For the Gualala Loading Capacity Estimate, Regional Water Board staff has adopted the
approach taken by USEPA for the South Fork Eel, Navarro and Ten Mile TMDLs (Method 4).
This approach uses information from the Noyo watershed to relate the sediment yield regime to
salmonid abundance.  This method assumes that since salmonids were abundant in the Noyo
during the 1930s-1950s period, the corresponding sediment yield during that period must have
been sufficiently low to allow salmonid habitat of suitable quality to persist.  During this era the
estimated rate of sediment yield is 470 tons/mi2/yr (EPA 1999b).  Approximately 370 tons/mi2/yr
of this load is attributed to natural processes (EPA 1999b).  Stated another way, the
anthropogenic load during this time period is approximately 25% of the natural load. The
NCRWQCB is estimating the loading capacity for the Gualala River based on the judgment that
a water body can assimilate a certain proportion of load over its background rate while still
meeting water quality standards. In the Noyo River, that rate is 25% over background (EPA
1999b).  Given the proximity of the Noyo to the Gualala, as well as their similarities in climate,
geology, vegetation, and land use history (Matthews and Associates, 1999), Regional Water
Board staff, based on best professional judgment, conclude that a reasonable loading capacity
estimate for the Gualala watershed is an anthropogenic load that is 25% of the natural load.
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6.5.2 TMDL

Salmonids were still abundant in the Noyo and its tributaries during the 1933-1957 period, so the
corresponding sediment yield during this period must have been sufficiently low to allow
salmonid habitat of suitable quality to persist (EPA 1999b).  The total loading capacity for the
Noyo is 125% of the background load. This ratio is then applied to the background levels in the
Gualala River, because the two basins are close in proximity, and have similar characteristics of
geology, vegetation, and land use history. Thus, the total loading capacity for the Gualala basin
is determined to be 125% of the estimated background rate. The background rate for the Gualala
is 380 tons/mi2/yr.  The total loading capacity for the Gualala is determined to be 125% of
background levels, or 475 tons/mi2/yr.  It should be noted that this total loading capacity is
prescribed to meet and be protective of water quality objectives in the Gualala River watershed
at the watershed scale.  The obtainment of water quality objectives at each site in the Gualala
River watershed requires a site-specific approach, beyond the scope of the loading capacity
estimated in this document.

The loading capacity estimate should be re-evaluated during future revisions of the Gualala
Sediment TMDL.  An approach that takes into account sediment storage and long-term sediment
transport capacity should be considered.

6.6 Load Allocation

The purpose of the load allocation is to identify the amount of reduction of individual sediment
source categories required to meet the loading capacity.  The loading capacity estimate is 125%
of the natural load.  This corresponds to a natural load of 380 tons/mi2/yr (as defined in Section
6.4) and an anthropogenic load of 95 tons/mi2/yr when applied to the estimated sediment load.
The allocated anthropogenic sediment load (95 tons/mi2/yr) is equivalent to an 89% reduction of
the current estimated anthropogenic sediment load (840 tons/mi2/yr).  The load allocations
shown in Table 6.2 are reflective of a total anthropogenic sediment load reduction of 89%.

The allocations in Table 6.2 were developed by Regional Water Board staff, using best
professional judgment, of what is attainable.  Regional Water Board staff used  experience
gained in the oversight of management activities including timber harvest, road construction,
road repair, and road upgrade to set allocations based on the degree to which individual source
processes were estimated to be controllable.  Based on best professional judgement, sediment
sources that were hypothesized to be more easily controlled were prescribed greater percent
reductions.
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TABLE 6.2.  SEDIMENT SOURCE LOADING ALLOCATIONS

Sediment Source Current Load
(tons/mi2/yr)

Load Allocation
(tons/mi2/yr)

Natural Mass Wasting 180 180Natural Streambank Erosion 200 200
Road Related Mass Wasting 370   56
Road-Stream Crossing Failures   50     5
Road Related Gullying 150     8
Road Related Surface Erosion 140     7
Skid Trail Surface Erosion   30     5

Anthropogenic

Harvest Related Mass Wasting 100   14
Total            1220 475

Sediment delivery associated with road surface erosion is allocated five percent of current
estimated delivery. Reducing the amount of road runoff reaching watercourses (hydrologic
connectivity) can effectively limit delivery of sediments generated by road surface erosion.
Mitigation measures such as outsloping, installation of rolling dips and increased frequency of
ditch relief culverts can greatly reduce hydrologic connectivity of roads and streams. Where the
hydrologic connection of roads and streams can’t be eliminated, it can be mitigated by
appropriate road surfacing and limiting use of those roads during wet weather.

Road-related gullies are allocated five percent of their current estimated delivery. Most existing
gullies can be easily de-watered by changes in road drainage, although some pre-existing gullies
will continue to deliver.

Stream crossing failures are allocated ten percent of their current estimated delivery.  Minimizing
fill volumes and eliminating diversion potential can greatly reduce the volume of sediment
delivered to streams.  Also, many culverts currently existing at small stream crossings on
seasonal roads can be eliminated by construction of armored fords.  Elimination of culverts on
these small crossings greatly reduces the risk of catastrophic sediment delivery.

Road-related mass wasting sources are allocated fifteen percent of their current estimated
delivery.  In order to attain this allocation, ownerships with high road densities may need to
decommission some roads.  Regional Board staff considered the controllability and predictability
of these features in assigning their allocation.

Skid trail erosion is allocated seventeen percent of the estimated load for the assessment period
(1978-2000).  Regional Board staff believe that the most current practices are already reducing
delivery rates from the planning period average.  Increased use of suspension cable and
helicopter yarding and a reduction in skid trail stream crossings have reduced rates of sediment
delivery attributed to skid trails.  Additional reductions are possible by slash packing and
decommissioning skid trails in areas near watercourses.
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Other harvest related delivery is allocated fourteen percent of the current estimated delivery.
Much of the current estimated delivery is attributed to legacy problems associated with pre-forest
practice rule management.  Mass wasting associated with landings and skid trails can be
significantly reduced by avoiding unstable areas and decommissioning landings.

It should be noted that these loading allocations are prescribed to meet and be protective of water
quality objectives in the Gualala River watershed, at the watershed scale.  The obtainment of
water quality objectives at each site in the Gualala River watershed requires a site-specific
approach, beyond the scope of the load allocations prescribed in this document.

6.7 Margin of Safety, Seasonal Variation and Critical Conditions

Section 303(d) of the Clean Water Act requires that TMDLs include a margin of safety to
account for major uncertainties concerning the relationship between pollutant loads and instream
water quality.  The margin of safety can be incorporated into conservative assumptions used to
develop the TMDL, or added as a separate quantitative component of the TMDL.  Section 303(d)
also requires that TMDLs account for seasonal variation and critical conditions.

6.7.1 Margin of Safety

This TSD incorporates an implicit margin of safety based on conservative assumptions employed
in the Source Analysis.  In cases of uncertainty, estimates erring towards protection of the
resource were made.  The following examples illustrate the conservative assumptions that led to
the margin of safety.

A significant assumption made as part of the Sediment Source Analysis is that the sediment
delivery from sampled plots could be extrapolated to each subwatershed. As part of the field
measurement of random plots Regional Board staff visited 17 plots, 12 of which were in
timberlands.  Due to access limitations, Regional Board Staff were unable to sample ranchlands
as extensively as timberlands.  Therefore, the harvest related delivery estimates generated from
the field measurements of random plots are biased towards conditions associated with timber
management.  Approximately 40% of lands in the watershed are timberlands.  However, timber
harvest has occurred in the past in nearly all areas where commercial tree species are found,
including ranchlands.  During the course of the Sediment Source Analysis, Regional Water
Board staff were able to make observations while passing through large areas of ranchland.
These observations, coupled with measurements from five random plots in ranchlands, have led
Regional Board staff to believe that sediment delivery from ranchlands is likely to be less than
that from timberlands.  Without an adequate sample size a comparison of ranchlands to
timberlands is not possible.  Therefore, the results from the field measurement of random plots
were extrapolated to the rest of the watershed.  This constitutes a conservative assumption in
regards to protection of the resource and is incorporated into the margin of safety.

Another conservative assumption incorporated in the margin of safety relates to the estimation of
delivery associated with earthflows.  Earthflows are common in the central belt Franciscan
geology, which comprises approximately 25% of the watershed area.  Without the specific
locations of earthflows available, Regional Water Board staff were unable to evaluate earthflow
inputs in great detail.  Earthflow delivery was then incorporated into the streambank erosion
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estimate based on creep rates reported in the literature.  This is likely to result in an
underestimate of earthflow delivery.  Since the loading allocations are based on the natural
sediment delivery, an underestimate of natural delivery results in a lower allocation and therefore
errs towards protection of the resource.

For the aerial photo, mass wasting analysis, another conservative assumption was made.  For
each feature, a management relation was noted.  In the absence of an anthropogenic relation, a
natural relation was noted.  Determination of the cause of a mass wasting event is often difficult
even for an experienced geologist on the ground.  All features with an anthropogenic relation
were assumed to be human caused, although it is likely that an anthropogenic relation may have
been observed for some natural caused features (i.e. a road crossing landslide feature caused by
weathering and seismic events).  This is likely to result in the over estimation of anthropogenic
sediment delivery and the under estimation of natural sediment delivery.  As stated previously,
since the loading allocations are based on the natural sediment delivery, an underestimate of
natural delivery results in a lower loading capacity and therefore errs toward protection of the
resource.

6.7.2 Seasonal Variation and Critical Conditions

Seasonal variations summarize the changes in the discharges of sediment and their associated
effects on beneficial uses which may vary in different years and at different times of the year.
Sediment delivery to streams is inherently a seasonal phenomenon.  For this reason the TSD
allocates sediment loads based on a ten-year rolling average.  This TSD does not explicitly
address critical conditions.  Instream sediment conditions are a function of what has occurred
upstream over a long period of time.  The approach chosen then is to use indicators that are
reflective of both the short-term response to mitigation, as well as its net long-term effects.

6.8 Numeric Targets

The water quality objectives that apply to sediment conditions and those activities that affect
them are:

The suspended sediment load and suspended sediment discharge rate of surface
waters shall not be altered in such a manner as to cause nuisance or adversely
affect beneficial uses.

and

Waters shall not contain substances in concentrations that result in
deposition of material that causes nuisance or adversely affects beneficial
uses.

and

Turbidity shall not be increased more than 20 percent over naturally occurring
background levels.
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The instream numeric targets proposed sections 6.8.1, 6.8.2 and 6.8.3 are based on Regional
Water Board staff’s interpretation of how increased sediment delivery causes nuisance and
adversely affects beneficial uses.  These targets reflect some of the instream sediment conditions
that are required by cold water fishery species present in the Gualala watershed.  The upslope
targets are proposed as a means of evaluating the degree to which identified problems are
addressed.

Two categories of numeric targets are proposed: targets based on indicators of instream sediment
supply and stream “health”, and targets based on indicators of sediment loading and risk of
future delivery.  These numeric targets are further categorized in terms of short, mid, and long-
term processes and effects.  Of course the ultimate numeric target is that of increasing returns of
adult salmonids and attainment of beneficial uses.  However, since other processes beyond
sedimentation are significant, fish populations alone cannot be used as a gauge for determining
decreasing impairment due to effects of sedimentation (i.e. desirable habitat conditions may be
attained long before salmonid populations recover).

Because of the inherent variability associated with stream channel conditions, it is appropriate to
evaluate the attainment of the instream numeric targets based on a weight-of-evidence approach.
Also, instream targets should be evaluated based on a five-year rolling average to allow for
short-term changes due to large flood events.

6.8.1 Short-Term Numeric Targets and Indicators

The short-term targets are proposed as a means of quantifying changes in the up-slope sediment
supply and corresponding in-stream conditions that manifest themselves on a time-scale of a few
years.  For instance, decreases in hydrologic connectivity are expected to decrease the delivery of
road-related surface erosion soon after implementation.  Likewise, V* surveys are expected to
detect changes in the supply of fine sediments soon after those changes occur.  Though the
targets are called short-term targets, they are meant to apply over the life of the TMDL.

V* ≤ 0.15: Lower-Order Streams

V* (pronounced “vee-star”) is a measure of the fraction of a pool’s volume that is filled by fine
sediment and is representative of the in-channel supply of mobile bedload sediment (Lisle and
Hilton 1992).  Lisle and Hilton (1999) demonstrated the usefulness of the parameter by
comparing annual sediment yields of select streams with their average V* values.  The
comparison indicated that V* was well correlated to annual sediment yield.  They also
demonstrated that V* values can quickly respond to changes in sediment supply.  V* values in
French Creek, a tributary to the Scott River, decreased to approximately one-third the initial
value soon after an erosion control program focusing on roads was implemented.  A study of
over sixty streams in the Franciscan geology of Northern California found that mean V* values
of 0.21 (21 %) or less represented good stream conditions (Knopp, 1993).  Knopp’s study was
conducted after a period of drought that many believe had affected the results.  Lisle and Hilton
(1999) reported that V* values for Elder Creek, an undisturbed tributary of the South Fork Eel
River in Coastal Belt Franciscan Geology, averaged only 0.09.  The difference in the V* values
presented by Knopp (1993) and Lisle and Hilton (1999) is indicative of the variability inherent in
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V* measurements.  In order to include the valuable results presented by both Knopp (1993) and
Lisle and Hilton (1999), the V* target is set at the mean of both reported values based on best
professional judgement.  Therefore, the numeric target for V* in the Gualala watershed is 0.15,
the average of 0.21 and 0.09.

In order to discern short-term changes in sediment supply, V* values from lower order (< 3rd

order) streams should be analyzed.  It is expected that V* values for higher order streams will not
be as responsive to those changes due to high amounts of fine sediment volume currently stored
as instream deposits.

Fine Sediment Volume of the Active Bed Matrix: Decreasing Trend

The fine sediment volume of the matrix material of the active bed is included as a method of
tracking trends of in-stream fine sediment storage.  The parameter is also intended to aid in
interpretation of V* trends, and eventually as a means of describing changes in sediment supply.
Volumes should be measured as described in Lisle and Hilton (1999).  The target is a decreasing
trend in the volume stored.

Percent Fines ≤ 0.85 mm: ≤ 14%

The percent fines ≤ 0.85 mm is defined as the percentage of subsurface fine material in pool tail-
outs ≤ 0.85 mm in diameter.  This parameter is chosen as one of two surrogate measurements of
spawning gravel suitability.  The numeric target for this parameter is 14% based on the average
of values reported for unmanaged streams in the studies by Peterson et al. (1992) and Burns
(1970).

Percent Fines ≤ 6.4 mm: ≤ 30%

The percent fines ≤ 6.4 mm is defined as the percentage of subsurface fine material in pool tail-
outs ≤ 6.4 mm in diameter.  This parameter is chosen as the second of two surrogate
measurements of spawning gravel suitability.  The numeric target for percent fines ≤ 6.4 mm is
30% based on Kondolf’s (2000) summary of information reported in various studies.

Riffle Embeddedness: <25% or improving (decreasing) trend

Embeddedness is defined as the percent of a cobble surrounded or buried in fine sediment.  A
heavily embedded riffle section may be unsuitable for spawning.  When constructing its redd,
generally at a pool tail-out (i.e., the head of the riffle), the spawning fish uses its tail against the
channel bottom to lift gravels and cover the eggs.  This process results in piles of cleaner and
more permeable gravel, which is more suited to nurturing of the eggs.  Embedded gravels may
not lift easily, which makes it difficult for fish to build their redds.  Flosi et al. (1998) suggest
that gravels that are less than 25% embedded are preferred for spawning.
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Aquatic Insect Production

Target: improving trends in EPT Taxa, % dominant taxon and species richness indices
Benthic macroinvertebrate populations are greatly influenced by water quality and are often
adversely affected by excess fine sediment.  This TSD recommends calculation of several
indices, following the CDFG Water Pollution Control Laboratory Stream Bioassessment
Procedures (1999).

1. EPT Taxa.  The EPT Taxa value is the number of species within the orders Ephemeroptera,
Plecoptera, and Trichoptera (EPT), more commonly known as mayflies, stoneflies and
caddisflies.  These organisms require higher levels of water quality and respond rapidly to
improving or degrading conditions (EPA, 1999; Bjornn et al. 1997, in Bybee, 2000).

2. Percent Dominant Taxon.  This index is calculated by dividing the number of organisms in
the most abundant taxon by the total number of organisms in the sample.  Collections
dominated by one taxon generally represent a disturbed ecosystem.

3. Richness Index.  This is the total number of taxa represented in the sample.  Higher diversity
can indicate better water quality.

Hydrologic Connectivity of Roads: ≤ 5%

Hydrologic connectivity of roads, defined as the proportion of road length draining to a stream,
is chosen as an indicator of sediment yield. A hydrologically connected road increases the
intensity, frequency, and magnitude of flood flows and suspended sediment loads in the adjacent
stream, and can result in destabilization of the stream channel. Hydrologic connectivity is both
an easily determined and easily correctable parameter that can result in immediate reductions in
sediment yields associated with road surface erosion when corrected.  Hydrologic connectivity
can be reduced by outsloping roads, creating road drainage that mimics natural drainage as much
as possible, and other factors (Weaver and Hagans, 1994).  Hydrologic connectivity data from 20
miles of roads in the Fuller creek subwatershed collected by Pacific Watershed Associates
showed hydrologic connectivity was 8%.  The target value of 5% is Regional Water Board
staff’s best professional judgment of an achievable reduction in the  proportion of road length
draining to a stream, based on PWA’s assessment and staff’s observations in the same area of
Fuller creek.

Stream Diversion Potential at Road Crossings: < 1%

Diversion potential is defined as the potential for a stream to be diverted down the road and out
of its channel as a result of stream crossing capacity exceedance (Furniss et al, 1987; Weaver and
Hagans, 1984).  Like hydrologic connectivity, diversion potential is easily identifiable and
correctable.  This parameter is chosen as an indicator of sediment delivery hazard.  Diversion
potential in itself is not a sediment contributor, but its existence greatly elevates the
consequences of stream crossing failure.  The numeric target is the elimination of diversion
potential at all stream crossings except those that cannot be corrected without compromising
public safety, which are expected to comprise 1% or less of all stream crossings.
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Stream Crossings with High Risk of Failure: ≤1%

Risk of stream crossing failure is related to the size and configuration of the crossing.  The
National Marine Fisheries Service stream crossing guidelines (NMFS, 2000) include a
requirement that rural stream crossings have the hydraulic capacity to accommodate the 100-year
flood flow.  The hydraulic capacity of stream crossings is defined as the discharge corresponding
to water levels at the top of the crossing inlet (HW/D=1).  Flanagan et al. (1998) has described
other factors that increase risk of failure such as culvert slope, width, and inlet basin
configuration.  The numeric target for stream crossings with high risk of failure is all stream
crossings except those that cannot be corrected without compromising public safety, which are
expected to comprise approximately 1% of all stream crossings.

6.8.2 Mid-Term Numeric Targets and Indicators

Mid-term targets are parameters that are not expected to be responsive until a decade or more
after up-slope restoration activities have taken place.  These targets address processes that are
dependent on the frequency and magnitude of storm events, although it is assumed that the
processes will be responsive to those events once restoration activities have been completed.

Turbidity: <20% above naturally occurring background levels

Turbidity is a measure of the ability of light to shine through water (higher turbidity indicating
more material in the water that blocks the light).  Although turbidity levels can be elevated by
both sediment and organic material, in California’s North Coast, stream turbidity levels tend to
be correlated with suspended sediment.  High turbidity in the stream affects fish by reducing
visibility, which may result in reduced feeding and growth.  Turbidity can also reduce the
primary productivity of a stream and, thus, affect the availability of food for fish. Elevated
suspended sediment, particularly over a long period, may also result in direct physical harm, for
example, by clogging gills.

The North Coast Basin Plan presently stipulates that turbidity shall not be increased more than
20 percent above naturally occurring background levels by an individual activity.
This indicator should be measured during storm flows, particularly during the winter, upstream
and downstream of a management activity to compare changes in the turbidity levels that are
likely attributable to that activity.  Information should include both magnitude and duration of
elevated turbidity levels.

Turbidity:  Decreasing trend in days of turbidity threshold exceedance

Excessive turbidity in streams can hinder the growth and rearing of young anadramous
salmonids (Newcombe and Jensen, 1996; Sigler et al, 1984).  The deleterious effects on
salmonids were found not only to be a function of concentration of fine particles but also a
function of duration of exposure.  Therefore, the number of days per year in which a turbidity
threshold is exceeded is an important indicator of the effects of turbidity on salmonids.
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Sigler et al (1984) found that as little as 25 NTUs of turbidity caused a reduction in fish growth.
As little turbidity monitoring has occurred in the Gualala River watershed, present turbidity
levels and exceedance durations should be established before an exceedance threshold is defined.

In order to account for interannual variability in precipitation and discharge, a rolling ten-year
average of exceedance days is suggested; a decreasing trend in this number will indicate the
effectiveness of upslope restoration activities.

Suspended Sediment Concentration Rating Curve: Decreasing temporal trend

As described in Section 4.3.4, elevated levels of suspended sediment and turbidity in streams can
be detrimental to salmonid growth and survival.  Suspended sediment and turbidity levels are
directly affected by 1) the amount of fine sediment that is entering a stream and 2) the storm
event which causes flow such that fine sediment is mobilized.  Fine sediment delivery can be
caused by both natural and anthropogenic sources whose nature can be either episodic (e.g.
landslides, crossing failures) or chronic (e.g. gullies, soil creep, roads).  Storm events which
mobilize fine sediment are episodic and will vary in intensity and duration.  However, a
reduction in anthropogenic sources of fine sediment delivery related to road fill failures, surface
erosion, gully erosion, and stream crossing failures will lead to a decreasing trend over many
years for the suspended sediment concentration and/or turbidity associated with a given
exceedance probability flow.  A decrease in suspended sediment concentration and/or turbidity
associated with a given exceedance probability would show that fine sediment is being mobilized
at decreasing levels, showing decreased stress on salmonids related to elevated suspended
sediment concentration and/or turbidity.

For a stream where suspended sediment or turbidity monitoring has taken place, a rating curve
that relates suspended sediment or turbidity to an exceedance probability can be developed based
on the relationship  between suspended sediment or turbidity to stream flowrate.  This rating
curve shows the likelihood of the exceedance of a given suspended sediment concentration or
turbidity for a given site specific data set. Turbidity and/or suspended sediment rating curves
should be developed and maintained to establish temporal trends for suspended sediment and/or
turbidity concentrations.  Activities likely to result in increasing turbidity over the 20% objective
should be monitored and changes made through adaptive management in practices for which
discharges do not comply with Basin Plan objectives.

V* ≤ 15%: Higher-Order Streams

The fraction of a pool’s volume filled with fine sediment, V*, should be monitored in higher-
order (> 3rd order) streams to evaluate the effectiveness of restoration efforts.  This parameter is
considered a mid-term target due to the amount of fine sediments currently existing in the
channels of the Gualala River Watershed.
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Residual Pool Depths: 2 feet for first and second order channels, 3 feet for higher order
channels

Residual pool depth is defined as the maximum depth of a pool minus the maximum depth of its
riffle crest (i.e. the depth of the pool at the point of zero flow).  The numeric target for residual
pool depth is an average of no less than two feet for first and second order channels and three
feet for third order and greater channels.  California Department of Fish and Game data indicates
that the better Coho streams have as much as forty percent of their total length in these types of
pools (Flosi et al. 1998).

Stream Crossing Failures: Decreasing Trend

The objective of this parameter is to assess to what degree stream crossing improvements are
effective in reducing the delivery of sediments.  Although high-risk stream crossings can be
treated in a short time period, the effectiveness of those treatments will not be known until large
storm events test their adequacy.  Since large storm events are infrequent, it is unlikely that the
effectiveness of stream crossing treatments can be assessed until at least a decade has passed.

Thalweg Variability: Increasing Trend

Variety and complexity in habitat are needed to support fish at different times in the year or at
different times in their life cycles.  Both pools and riffles are utilized by fish for spawning,
incubation of eggs, and emergence of the fry.  Once fry emerge, they rest in pools and other
slower-moving water, darting into faster riffle sections to feed where insects are abundant.
Deeper pools, overhanging banks, or logs provide cover from predators.  Measuring the thalweg
profile is an indicator of habitat complexity.

Thalweg variability is defined as the deviation of the thalweg (deepest part of the channel) from
the average channel slope.  It is chosen as a surrogate measure of channel complexity.  More
variability in the profile indicates more complexity in stream habitat.  As the sediment load
decreases and the frequency and depth of pools increases, the thalweg profile develops more
dramatic variation around the mean profile slope. Because the change in the profile will occur
relatively slowly, and because not enough is yet known about channel structure to establish a
specific number that reflects a satisfactory degree of variation, the target is simply an increasing
trend in variation from the mean thalweg profile slope.

Annual Road Inspection and Correction: Increased length to 100%

Analysis by USEPA (EPA, 2000) indicates that in watersheds with road networks that have not
experienced excessive road-related sedimentation, roads are either (1) regularly inspected and
maintained; (2) hydrologically maintenance free (i.e., they do not alter the natural hydrology of
the stream); or (3) decommissioned or hydrologically closed (i.e., fills and culverts have been
removed and the natural hydrology of the hillslope has largely been restored).  If not, they are
potentially large sources of sediment (D. Hagans, personal comm., 1998, in EPA, 1998).



Gualala River Watershed 111
Technical Support Document
For Sediment
North Coast Regional Water Quality Control Board

This target calls for an increase in the mileage of roads that are either one of the following:  (1)
inspected annually and maintained prior to winter, (2) hydrologically maintenance free, or (3)
decommissioned or hydrologically closed, until all roads in the Gualala River watershed fall into
one of these categories.

Road Location, Surfacing, Sidecast: Decreased road length next to stream, increased % of
outsloped and hard surfaced roads

This indicator is intended to address the highest risk sediment delivery from roads not covered in
other indicators.  Roads located in inner gorges and headwall areas are more likely to fail than
roads located in other topographic locations.  Other than ephemeral watercourses, roads should
be removed from inner gorge and potentially unstable headwall areas, except where alternative
road locations are unavailable and the road is clearly needed.  Road surfacing and use intensity
directly influence sediment delivery from roads.  Rock surfacing or paving is appropriate for
frequently used roads.  Sidecast on steep slopes can trigger earth movements, potentially
resulting in sediment delivery to watercourses.  These factors reflect the highest risk of sediment
delivery from roads, and should be the highest priorities for correction (C. Cook, M. Furniss, M.
Madej, R. Klein, G. Bundros, personal comm., 1998, in EPA, 1998).

This target calls for: (1) elimination of roads alongside inner gorge areas or in potentially
unstable headwall areas, unless alternative road locations are unavailable and the road is clearly
needed; (2) road surfacing, drainage methods, and maintenance appropriate to use patterns and
intensities; and (3) stabilization or removal of sidecast or fill on steep (i.e., greater than 50%) or
potentially unstable slopes that could deliver sediment to a watercourse.

Activity in Unstable Areas: Avoid or eliminate, unless detailed geologic assessment by a
Certified Engineering Geologist concludes there is no additional potential for increased
sediment loading

Unstable areas are those areas that have a high risk of landsliding and include: steep slopes, inner
gorges, headwall swales, stream banks, existing landslides, and other locations identified in the
field.  Because of the high risk of landsliding inherent in these features, any activity that might
trigger an erosional event should be avoided, if possible.  Such activities include road building,
harvesting, yarding, terracing for vineyards, etc.   An analysis of chronic landsliding in the Noyo
River basin indicated that landslides observed on aerial photographs largely coincide with
predicted chronic risk areas including steep slopes, inner gorges and headwall swales (Dietrich et
al. 1998).  Several other studies have shown that landslides are larger or more common in some
harvest areas, particularly in inner gorges (EPA, 2000).

Disturbed Area: Decrease, or decrease in disturbance index

Studies in Caspar Creek (Lewis, 1998) indicate that there is a statistically significant relationship
between disturbed areas and the corresponding suspended sediment discharge rate Lewis, 1998;
J. Lewis personal comm. w/ A. Mangelsdorf, in NCRWQCB 2001). In addition, studies in
Caspar Creek indicate that clearcutting causes greater increases in peak flows (and, by extension,
increased suspended sediment loads) than does selective harvest Ziemer, 1998).
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Available information is insufficient to identify a threshold below which effects on the Gualala
River watershed would be insignificant.  Accordingly, the target calls for a reduction in the
amount of disturbed area or in the disturbance index.  In this context, “disturbed area” is defined
as the area covered by urban development or management-related facilities of any sort,
including: roads, landings, skid trails, firelines, harvest areas, animal holding pens, and
agricultural fields (e.g., pastures, vineyards, orchards, row crops, etc.).  The definition of
disturbed area is intentionally broad to include managed agricultural areas, such as pastures and
harvest areas, where the management activity (e.g., logging or grazing) results in removal of
vegetation sufficient to reduce significantly important rainfall interception and soil protection
functions.  Agricultural fields or harvest areas in which adequate vegetation is retained to
perform these ecological functions can be excluded from consideration as disturbed areas.
Dramatic reductions in the amount of disturbed area, then, can be made by reducing road
densities, skid trail densities, clearcut areas, and other management-induced bare areas.

6.8.3 Long-Term Numeric Targets and Indicators

Long-term targets and indicators are for parameters that might not respond until decades after
restoration activities have been accomplished.  These parameters are dependent on infrequent
hydrologic events that alter channel configurations and trigger mass wasting.  As such, they are
not expected to improve in the near future.

Large Woody Debris (LWD): Increasing distribution, volume and number of key pieces

California coastal streams are especially dependent on the presence of LWD to provide
ecological functions, such as sediment metering and sorting, pool formation, and shelter.  Large
pieces of woody debris in streams influence the physical form of the channel, the movement of
sediment, the retention of organic matter and the composition of the biological community
(Bilby and Ward, 1989).  LWD can be instrumental in forming and stabilizing gravel bars (Lisle,
1986), or in accumulating fine sediment, which keeps it from clogging spawning areas
(Zimmerman et al. 1967, Megahan, 1982, in Bilby and Ward, 1989).  LWD can also form pools
by directing or concentrating flow in the stream in such a way that the bank or bed is scoured, or
by impounding water upstream from the obstruction (Lisle and Kelsey, 1982, in Bilby and Ward,
1989).  LWD plays a more significant role in routing sediment in small streams than in large
ones (Bilby and Ward, 1989).

Proportion of Stream Length in Pools: 40%

Data and observations in the Gualala River watershed indicate that poor pool habitat may be a
factor limiting rearing capacity.  Deep and frequent pools are necessary summer rearing habitat
for salmonids, particularly Coho.  California Department of Fish and Game data indicates that
the better Coho streams have as much as forty percent of their total length in primary pools
(Flosi et al. 1998).

Road-Related Landslides: Decreasing Trend

Since road failures usually occur many years after roads are constructed and are often
unpredictable, it is expected that the rate of road-related landslides is not likely to decrease until
roads in problem areas are treated or decommissioned.  Appropriate location, design,
construction and maintenance of roads is expected to result in a reduction of the rate of road
failures.  However, the reduced rate of road failure is expected to lag improved practices by at
least a decade or more.
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CHAPTER 7
IMPLEMENTATION & MONITORING PLANS

As explained earlier in this document, the Gualala River Watershed TSD for Sediment is a
technical support document , and is lacking implementation and monitoring plans.  A TSD is a
report developed by Regional Water Board staff which meets all federal requirements for a Total
Maximum Daily Load (TMDL), but with no implementation or monitoring plan and no action on
the part of the Regional or State Board. TSD is used to emphasize that the documents have not
been through the Regional or State Board’s public participation and adoption process.  The
Gualala River watershed TSD for Sediment will be transmitted directly to U.S. EPA upon
completion by Regional Water Board staff.

While an implementation plan is not strictly a requirement of a TMDL, 40 CFR §130.6 requires
a TMDL to be included in the State Water Quality Management Plan for the North Coast Region
(Basin Plan).  In order for the TMDL to be adopted into the Basin Plan, an implementation plan
will be necessary.  Therefore, implementation and monitoring plans must be established by the
State at a later date.

Although the Regional Water Board has yet to adopt an implementation plan that applies to the
Gualala River watershed, various activities to control anthropogenic sediment loading (or reduce
its effects) have occurred or are underway.  Some of the work described below has been funded
with 319(h) grant funds administered by the Regional Water Board.  The Regional Water Board
also administers additional grant funds made available by proposition 13.

Recent efforts for restoration focus on watershed processes, such as stabilizing hillslopes and
decreasing road-related erosion (Higgins, 1997).  Pacific Watershed Associates (1996) conducted
an inventory of road-related erosion sources for 25% of the Fuller Creek watershed.  The study
concluded that “nearly 22,000 cubic yards of eroded sediment will be delivered to the streams in
the assessment area if corrective action is not undertaken, and nearly 17,000 cubic yards will
come from the failure of stream crossings (PWA, 1996).”  Landslides were found to be a minor
source of future sediments to Fuller Creek.  Erosion prevention measures associated with road
improvements are currently being implemented in the Fuller Creek watershed.

Further erosion potential inventories were done on Louisiana Pacific holdings in Fuller Creek, as
well as Coastal Forest Lands (now owned by Pioneer Resources, Ltd.) and will be implemented
in the near future (D. Simmonds, pers. communication, 2001).  Pioneer Resources, Ltd., has
upgraded roads on its holdings in the Gualala River watershed in efforts to reduce road-related
delivery.  Ongoing road upgrades and related hillslope erosion control efforts are being carried
out as part of mitigation for timber harvest plans (Higgins, 1997), but are not well documented.

As of early 2001, road assessments are also being conducted on 18 miles of Charles Ranch Road
at the southern end of the Gualala River watershed.  Implementation of 26 miles of road
improvements for the McKenzie Creek subwatersheds are being planned for the end of 2001 or
early 2002 (T. Osmer, pers. communication, 2001).
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The Gualala River Watershed Council (GRWC) plans in the near future (fall 2001) to develop
fuels management strategies for fire protection (T. Osmer, pers. communication, 2001).  The
goal of this project is to thin understory vegetation in the watershed to prevent catastrophic fire
and associated massive sediment release to streams.

The Gualala Steelheaders, in cooperation with the land owner, Gualala Redwoods, Inc. (GRI),
have attempted to restore large woody debris habitat in the North Fork Gualala, by installing log
structures that span the stream to create pools and trap spawning gravels.  GRI is currently
conducting ongoing large woody debris restoration efforts throughout  their lands, as well as
road and upslope improvements (H. Alden, pers. communication, 2001).
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CHAPTER 8
PUBLIC PARTICIPATION

Federal regulations require Total Maximum Daily Loads (TMDLs) be subject to public review
(40 CFR §130.7).  While the Gualala River Watershed Technical Support Document for
Sediment is not, by itself, a TMDL, Regional Water Board staff provided for public participation
through several mechanisms.

Meetings have been held with representatives of a number of stakeholder groups in the
watershed, including the Gualala River Watershed Council (GRWC), timber companies, and
vineyard interests.  Staff have also made contact with local, state, and federal regulatory agency
staff working in the watershed.  A two-page description of the field measurement of random
plots was included in a newsletter distributed by the GRWC in the spring of 2001.  A more in-
depth description of the random plot field measurements and a general description of how it fit
into the 303(d) process was sent to over 90 landowners in the watershed.  Also, staff were able to
meet many landowners and discuss 303(d) issues while completing field work.

Regional Board staff plan to host a meeting in Gualala in the month of August to explain the
methods used to develop the TSD and answer questions.
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GLOSSARY

Abandoned road The designation of a road following use and completion of abandonment
activities.  These roads are left in a condition where no sediment sources
remain and no maintenance of the road is required.  These roads may be
reconstructed and used for future land management activities.

Abandonment The practice of closing a road, landing, skid trail or other facility so that
regular maintenance is no longer needed and future erosion is largely
prevented.

Aggradation To fill and raise the elevation of the stream channel by deposition of
sediment.

Agricultural facility Any building, corral, pen, pasture, field, trail, or other feature on the
landscape which is attributable to or associated with agricultural
operations

Alevin An alevin is a salmonid during a distinct life-cycle stage which begins
from one to three months after egg fertilization.  At this time, alevins
emerge from eggs with yolk sacs and reside in the interstices of the gravel
until they are ready to feed on macroinvertebrates in the water column.
Alevins typically emerge from the gravel in one to five months as fry.

Alluvium Clay, silt, sand, gravel, or similar material deposited by running water.

Anadromous Refers to aquatic species which migrate up rivers from the sea to breed in
fresh water.

Areas of instability Locations on the landscape where land forms are present which have the
ability to discharge sediment to a watercourse.

Baseline data Data derived from field based monitoring or inventories used to
characterize existing conditions and used to establish a database for
planning or future comparisons.

Beneficial Use Uses of waters of the state that may be protected against quality
degradation including, but not limited to, domestic, municipal, agricultural
and industrial supply; power generation; recreation; aesthetic enjoyment;
navigation; and the preservation and enhancement of fish, wildlife and
other aquatic resources or preserves.

Channel roughness A numerical value used to describe the relative roughness of a stream
channel in relationship to the size of particles on the stream bed.
Roughness effects the turbulence of the stream flow.
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Char Small-scaled trout of the genus Salvelinus.

Class I Watercourses which contain domestic water supplies, including springs,
on site and/or within 100 feet downstream of the operation area and/or
have fish always or seasonally present onsite, including habitat to sustain
fish migration and spawning.  Class I streams include historically fish-
bearing streams.

Class II Watercourses which have fish always or seasonally present offsite within
1000 feet downstream; and/or contain aquatic habitat for non-fish aquatic
species.  Class II waters do not include Class III waters that are directly
tributary to Class I waters.

Class III Watercourses which do not have aquatic life present, but show evidence of
being capable of sediment transport to Class I and II waters under normal
high flow conditions during and after completion of land management
activities.

Class IV Man-made watercourses, which usually supply downstream established
domestic, agricultural, hydroelectric supply or other beneficial uses.

Colluvium Loose rock material and soil accumulated at the foot of a slope.

Controllable source Any source of sediment with the potential to enter a water of the State
which is caused by human activity and will respond to mitigation,
restoration, or altered land management.

Debris torrents Long stretches of bare, generally unstable stream channel banks scoured
and eroded by the extremely rapid movement of water-ladened debris,
commonly caused by debris sliding or road stream crossing failure in the
upper part of a drainage during a high intensity storm.

Decommission See obliteration.

Deep seated landslide Landslides involving deep regolith, weathered rock, and/or bedrock, as
well as surficial soil.  Deep seated landslides commonly include large
(acres to hundreds of acres) slope features and are associated with
geologic materials and structures.

Ditch relief A drainage structure which will move water from an inside road ditch to
an outside area, beyond the outer edge of the road fill.  Ditch relief
structures can include culverts, rolling dips, and/or water bars.  Ditches are
adequately relieved when there is no downcutting of the inside ditch or
gully erosion at the outlet of the relief structure.

Drainage structure A structure or facility constructed to control road runoff.  These structures
include but are not limited to fords, inside ditches, water bars, outsloping,
rolling dips, culverts, or ditch drains.

Flooding The overflowing of water onto land that is normally dry.
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Fry A young juvenile salmon after it has absorbed its egg sac and emerged
from the redd.

Headwater swale The swale or dip in the natural topography that is upslope from a stream,
at its headwater.  There may or may not be evidence of overland or surface
flow of water in the headwater swale.

Interstices The space between particles (e.g. space between sand grains).

Inner gorge A geomorphic feature formed by coalescing scars originating from mass
wasting and erosional process caused by active stream erosion.  The
feature is identified as that area of stream bank situated immediately
adjacent to the stream, having a slope generally over 65% and being
situated below the first break in slope above the channel.

Inside ditch The ditch on the inside of the road, usually at the foot of the cutbank.

Landslide Any mass movement process characterized by downslope transport of soil
and rock, under gravitational stress by sliding over a discrete failure
surface, or the resultant landform.

Large woody debris A piece of  woody material having a diameter greater than 30 cm (12
inches) and a length greater than 2 m (6 feet) that is located in a position
where it may enter the watercourse channel.

Mass wasting Downslope movement of soil mass under the force of gravity - often used
synonymously with "landslide.”  Common types of mass soil movement
include rock falls, soil creep, slumps, earthflows, debris avalanches, debris
slides and debris torrents.

Maximum Weekly The maximum value of the mathematical mean of multiple, equally
Average spaced, daily temperatures over a seven day consecutive period.  In other
Temperature words, this is the highest value of the seven day moving average of
(MWAT) temperature.  Brungs and Jones (1977) calculate MWAT for the growth

phase of fish life using the following equation:
MWAT for growth = OT + (UUILT – OT) / 3

where OT is the physiological optimum temperature and UUILT is the
ultimate upper incipient lethal temperature.

Numeric targets A numerical expression of the desired instream environment.  A numeric
target is developed based on the numeric or narrative State water quality
standards which are needed to recovered the impaired beneficial use.

Obliterated road The designation of a road following use and  completion of decommission
activities.  These roads are left in a condition where hillslope drainage is
returned to its natural drainage pattern and no slope stability hazards
remain.  These roads will not be reconstructed and used for future land
management activities.
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Obliteration To remove those elements of a road, landing, skid trail, or other facilities
that unnaturally reroute hillslope drainage or present slope stability
hazards.

Permanent drainage A road drainage structure designed and constructed to remain in place
structure following active land management activities while allowing year round

access on a road.

Permanent road A road which is planned and constructed to be part of a permanent all-
season transportation system.  These roads have a surface which is suitable
for hauling forest and ranch products throughout the entire winter period
and have drainage structures, if any, at watercourse crossings which will
accommodate the fifty-year flood flow, including debris.  Permanent roads
receive regular and storm period inspection and maintenance.

Primary Pools In first and second order streams, a primary pool is defined to have a
maximum depth of at least two feet, occupy at least half the width of the
low-flow channel, and be as long as the low-flow channel width.  In third
and forth order streams, the criteria is the same, except maximum depth
must be at least three feet.  DFG habitat typing data indicate the better
coastal coho streams may have as much as forty percent of their total
habitat length in primary pools.

Redd A gravel nest or depression in the stream substrate formed by a female
salmonid in which eggs are laid, fertilized and incubated.

Riparian The strip of land along both sides of a watercourse where conservation
Management Zone measures are required for the protection of water quality and beneficial
(RMZ) uses of water, fish and riparian habitat and for controlling erosion.

Rolling dip A shallow, rounded dip in the road where the road grade reverses for a
short distance and the surface runoff is directed in the dip or trough to the
outside or inside of the road.  Rolling dips are drainage facilities
constructed to remain effective while allowing passage of motor vehicles
at reduced road speed.

Seasonal road A road which is planned and constructed as part of the permanent
transportation system where most hauling and heavy use may be
discontinued during the winter period and whose use is restricted to
periods when the surface is dry.  Most seasonal roads are not surfaced for
winter use, but have a surface adequate for hauling of forest and ranch
products in the non-winter period, and in the extended dry periods or hard
frozen conditions occurring during the winter period.  Seasonal roads have
drainage structures at watercourse crossings which will accommodate the
fifty-year flood flow and associated debris.



Gualala River Watershed 130
Technical Support Document
For Sediment
North Coast Regional Water Quality Control Board

Sediment Fragmented material that originates from weathering of rocks and
decomposed organic material that is transported by, suspended in, and
eventually deposited by water or air.

Sediment budget An accounting of the sources, movement, storage and deposition of
sediment produced by a variety of erosional processes, from its origin to
its exit from a basin.

Sediment delivery Process by which material (usually referring to sediment) is delivered to a
watercourse channel by wind, water or direct placement.  It is a function
of the soils, slope, rainfall, soil disturbance, amount of water flowing
across the site from upslope, and the filtering effect of soils and vegetation
as sediment travels downslope.

Sediment discharge The mass or volume of sediment (usually mass) passing a watercourse
transect in a unit of time.

Sediment erosion The group of processes whereby sediment (earthen or rock material)  is
loosened, dissolved and removed from the landscape surface.  It includes
weathering, solubilization and transportation.

Sediment source The physical location on the landscape where earthen material resides
which has or may have the ability to discharge into a watercourse.

Sediment yield The sediment yield consists of dissolved, suspended, and bed loads of a
watercouse channel through a given cross-section in a given period of
time.

Sensitive areas Any area, particularly in the riparian zone, which when altered by land
management activities results in a loss or reduction in ecological
functioning.

Shallow seated A landslide produced by the failure of the soil mantle (typically to a depth
landslide of one or two meters, sometimes includes some weathered bedrock), on a

steep slope.  It includes debris slides, soil slips and failure of road cut-
slopes and sidecast.  The debris moves quickly (commonly breaking up
and developing into a debris flow) leaving an elongated, concave scar.

Sidecast The excess earthen material pushed or dumped over the side of roads and
landings.

Skid trail Constructed trails or established paths used by tractors or other vehicles
for skidding logs.  Also known as tractor roads.

Smolt A young salmon at the stage at which it migrates from fresh water to the
sea.
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Steep slope A hillslope, generally greater than 50% that leads without a significant
break in slope to a watercourse.  A significant break in slope is one that is
wide enough to allow the deposition of sediment carried by runoff prior to
reaching the downslope watercourse.

Stocking A measure of the degree to which space is occupied by well-distributed
countable trees.

Stream See watercourse.

Stream class The classification of waters of the state, based on beneficial uses, as
required by the Department of Forestry in Timber Harvest Plan
development.  See definitions for Class I, Class II, Class III, and Class IV
for more specific definitions.

Stream order The designation (1,2,3, etc.) of the relative position of stream segments in
the drainage basin network.  For example, a first order stream is the
smallest, unbranched, perennial tributary which terminates at the upper
point.  A second order stream is formed when two first order streams join.
Etc.

Subwatershed A subset or division of a watershed into smaller hydrologically meaningful
Watersheds.  For example, the North Fork Navarro River is a
subwatershed of the larger Navarro River watershed.

Swale A channel-like linear depression or low spot on a hillslope which rarely
carries runoff except during extreme rainfall events.  Some swales may no
longer carry surface flow under the present climatic conditions.

Temporary drainage A road drainage structure designed and constructed to allow access during
structure active land management activities.  The temporary structure will be

removed following active land management.

Thalweg The deepest part of a stream channel at any given cross section.

Thalweg profile Change in elevation of the thalweg as surveyed in an upstream-
downstream direction against a fixed elevation.

Timber Harvest Plan A plan, prepared by a registered professional forester and submitted to the
California Department of Forestry for approval, which provides specific
information regarding commercial timber operations to be undertaken by a
landowner.
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Unstable areas Characterized by slide areas, gullies, eroding stream banks, or unstable
soils.  Slide areas include shallow and deep seated landslides, debris flows,
debris slides, debris torrents, earthflows and inner gorges and hummocky
ground.  Unstable soils include unconsolidated, non-cohesive soils and
colluvial debris.

V* A numerical value which represents the proportion of fine sediment that
occupies the scoured residual volume of a pool.

Watercourse Any well-defined channel with a distinguishable bed and bank showing
evidence of having contained flowing water indicated by deposit of rock,
sand, gravel, or soil.

Watercourse & lake As used in the Forest Practice Rules, the strip of land, along both sides of
protection zone a watercourse or around the circumference of a lake or spring, where

additional practices may be required for the protection of the quality and
beneficial uses of water, fish and riparian wildlife habitat, other forest
resources and for controlling sediment.

Waters of the state Any surface water or groundwater, including saline water, within the
boundaries of the state.

Watershed Total land area draining to any point in a watercourse, as measured on a
map, aerial photo or other horizontal plane.  Also called a basin, drainage
area, or catchment area.

Water quality Limits or level of water quality constituents or characteristics which are
objective established for the reasonable protection of beneficial uses of water or the

prevention of nuisance within a specific area.

Water quality Consist of the beneficial uses of water and the water quality objectives as
standard described in the Water Quality Control Plan for the North Coast Region.

Yarding The movement of forest products from the point of felling to a landing
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Gualala Basin Assessment Implementation Summary 
Preface to this Summary 
This summary builds upon the Gualala River Watershed Assessment Report’s findings and recommendations in as 
concise a manner as possible (Klampt et al. 2003).  Therefore, that assessment’s goals, methods, and analytic tools and 
systems are only briefly discussed.  Likewise, the basin’s contextual background, history, and the conditions of its 
geology, hydrology, vegetation, stream systems, water quality, and land uses are also briefly summarized.  The 
complete Assessment Report and its Appendices should be consulted for more details of its assessment and the 
development of its findings and recommendations.  Those findings and recommendations have been expanded upon by 
subsequent and additional analysis by the California Department of Fish and Game (CDFG) for this implementation 
summary.  In this summary, the products of the CDFG efforts are indicated as such.  We have also taken the liberty of 
adopting the term “basin” as a substitute for the original report’s “river watershed” reference term for the Gualala 
Basin (Gualala River Watershed).  Feedback from readers has indicated this reduces confusion with the various scales 
of watersheds referred to in the text of the report.  

Gualala Basin Assessment Report Structure and Usage Guide 
The Gualala Assessment Report has eight main sections: 

• Executive Summary; 
• Program Introduction and Overview: 

 Six guiding assessment questions (see page 2); 
 Four strategic program goals (see page 3). 

• Assessment Strategy and General Methods; 
• Gualala Basin Profile; 
• Interdisciplinary Synthesis and Findings; 
• Subbasin Profiles and Syntheses; 

o Estuary 
o North Fork Subbasin 
o Rockpile Subbasin 
o Buckeye Subbasin 
o Wheatfield Subbasin 
o Gualala Mainstem/South Fork Subbasin 

• Four small sections presenting the Limitations, References, Glossary, and a List of Abbreviations; 
• Appendices. 

The elements of the five subbasin profile sections are all the same: 
• Disciplinary findings and analyses; 
• Listing of issues raised during the assessment; 
• Ecological Management Decision Support (EMDS) calculations (limiting factors analysis); 
• Restoration recommendations; 
• Refugia rating analysis and results; 
• Listing of issues raised by the assessment; 
• Tributary recommendations analysis and results; 
• Synthesis  of information presented as working hypotheses; 
• Recommendations for the subbasin.  

There are seven appendices to the Gualala Assessment Report: 
• Appendix 1:  Hydrology; 
• Appendix 2:  Geology; 
• Appendix 3:  Land use; 
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• Appendix 4:  Water Quality; 
• Appendix 5:  Anadromous Salmonids and Stream Conditions; 
• Appendix 6:  Interdisciplinary Synthesis; 
• Appendix 7:  Public Responsiveness Summary. 

Of interest to many readers are the recommendations associated with specific locations in the basin with which they 
are familiar or in which they have ownership.  In the report, basin and subbasin maps are provided at the beginning of 
each of the five profile sections to help them locate points of interest.  By referring to the general tributary refugia 
rating system results, surveyed streams can be easily determined and their refugia ratings observed.  Discussion 
concerning the development of the refugia rating system is in the Methods Section of the Gualala Report, and also in 
Appendix 5 of that report.   
Watershed improvement recommendations are summarized at the end of each subbasin section in the report.  As 
specific to stream and reaches as possible. Following the tributary recommendation tables and discussion, the six 
guiding assessment questions are answered.  The assessment questions and their responses at the Gualala Basin scale 
are presented on pages ES-11 through ES-15, in the report’s Executive Summary.  Responses to question six list the 
tributary improvement recommendations and general watershed improvement activities.  Responses to question six 
highlight key improvement recommendations in five general categories: 

• Flow and water quality improvement activities; 
• Erosion and sediment delivery reduction activities; 
• Riparian and habitat improvement activities; 
• Supplemental fish rescue and rearing activities; 
• Education, research, and monitoring activities. 

In addition to the listing of recommendations in the Executive Summary, with more detail in the subbasin sections, the 
Assessment Report provides a map of potential restoration sites and habitat limiting factors as guidance in prioritizing 
restoration activities (see pages 4-39-4-41 in the Assessment Report).  Supplementing the map are tables of restoration 
priorities on pages 4-41 through 4-47 of the Assessment Report. 
The organization of the Assessment Report’s findings, conclusions, and recommendations sections are intended to 
allow the reader to compare EMDS results, refugia ratings, limiting factors, and the resultant improvement 
recommendations for logic and appropriateness.  Investigators are encouraged to read back through the IA Analysis, 
disciplinary findings, etc., and to the detail contained in the appendices.  This should provide a clear understanding of 
the assessment results and help validate the assessment. 

California’s Large Scale Watershed Assessment Program  
n 2000, the California Legislature established its first large scale watershed assessment program, the North Coast 
Watershed Assessment Program (NCWAP), composed of a multi-disciplinary team from the Resources Agency and 

the departments of Fish and Game (CDFG), Forestry and Fire Protection (CDF), Conservation/California Geologic 
Survey (DOC/CGS), and Water Resources (DWR), in conjunction with the North Coast Regional Water Quality 
Control Board (NCRWQCB) and State Water Resources Control Board.  The program’s intent was to provide a 
consistent body of information on North Coast watersheds for use by landowners, agencies, stakeholders, and 
collaborative watershed groups.  Due to California’s General Fund reductions in 2003, that program was eliminated as 
a multi-agency effort, but CDFG has continued their large scale watershed assessment activities with the Coastal 
Watershed Planning and Assessment Program (CWPAP).  Regardless, the resultant assessment products should 
facilitate actions to create positive change in watershed conditions in the North Coast.   
The assessments are guided by six logical assessment questions at basin, subbasin, and tributary scales: 

• What are the history and trends of the size, distribution, and relative health and diversity of salmonid 
populations?   

• What are the current salmonid habitat conditions?  How do these conditions compare to desired conditions? 
• What are the past and present relationships of geologic, vegetative, and fluvial processes to stream habitat 

conditions? 
• How has land use affected these natural processes? 

I 
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• Based upon these conditions, trends, and relationships, are there elements that could be considered to be 
limiting factors for salmon and steelhead production? 

• What watershed and habitat improvement activities would most likely lead toward more desirable conditions 
in a timely, cost effective manner? 

To help answer these questions, the basin assessment has been designed to meet these strategic program goals: 
• Organize and provide existing information and develop limited baseline data to help evaluate the 

effectiveness of various resource protection programs over time; 
• Provide assessment information to help focus watershed improvement programs, and assist landowners, 

local watershed groups, and individuals to develop successful projects.  This will help guide support 
programs, like CDFGs Fishery Restoration Grants Program and the State Water Board’s Consolidated 
Grants Program, toward those watersheds and project types that can efficiently and effectively improve 
freshwater habitat and lead to improved salmonid populations; 

• Provide assessment information to help focus cooperative interagency, nonprofit, and private sector 
approaches to protect the best watersheds and streams through watershed stewardship, conservation 
easements, and other incentive programs; 

• Provide assessment information to help landowners and agencies better implement laws that require specific 
assessments such as the State Forest Practice Act, Clean Water Act, and State Lake and Streambed 
Alteration Agreements. 

General Assessment Approach 
Each of the assessment program’s participating departments developed data collection and analysis methods used in 
their basin assessments.  They also developed a number of tools for interdisciplinary synthesis of collected 
information.  These included models, maps, and matrices for integrating information on basin, subbasin, and stream 
reach scales to explore linkages among watershed processes, conditions, and land use.  These tools provided a 
framework for identifying watershed refugia areas and factors limiting salmonid productivity, as well as providing a 
basis for understanding the potential for cumulative impacts from natural and man caused disturbances.  The resulting 
information provided guidance for developing restoration, management, and conservation recommendations.  
The general steps in a large-scale assessment included:  

• Form multi-disciplinary team.  In order to assess watershed conditions and processes, several specialists 
were needed and included:  geologists, fluvial geo-morphologists, foresters, hydrologists, water quality 
analysts, fisheries biologists, habitat specialists, planners, and most importantly, the landowners and 
residents of the assessment area; 

• Conduct scoping and outreach workshops.  A series of meetings from Spring 2001 through Spring 2003 
were held during the course of the Gualala assessment; 

• Determine logical assessment scales.  The Gualala assessment team used the California Watershed Map 
(CalWater version 2.2a) to delineate the Gualala Basin into six subbasins for assessment and analyses 
purposes (Figure 1).  These study areas include the Estuary, North Fork, Rockpile, Buckeye, Wheatfield, and 
Mainstem-South Fork subbasins.  In general, the CalWater 2.2a Planning Watersheds (PWs) contained 
within each of these assessment subbasins have common physical, biological, and/or cultural attributes.  
However, there is enough variance between the six areas’ attributes that they were delineated as separate 
subbasins. Demarcation in this logical manner provides a large, yet common scale for conducting 
assessments.  It also allows for reporting findings, and making recommendations for watershed improvement 
activities that are generally applicable across a subbasin area; 

• Discover and organize existing data and information according to discipline.  This information was used to 
form the basis of the disciplinary appendices to the assessment report; 

• Identify data gaps needed to develop the assessment.  Working with limited time and resources constrained 
the amount of field work that was performed.  Limited data existed prior to this effort in the Gualala Basin; 

• Collect field data.  Over 100 miles of new stream data and numerous fishery surveys were performed for this 
assessment.  Foresters and geologists were able to check air photo analyses with field verification at several 
locations.  Some new water quality samples were taken, other water temperature data were provided by 
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landowners and a watershed council.  New stream flow gages were installed on the North Fork, the 
Wheatfield Fork, and the South Fork above the Wheatfield Fork; 

• Amass and analyze information.  Each agency assembled data to create the various specific reports.  The 
reports were then interpreted and entered into the Assessment Report as disciplinary findings in each chapter 
specific to the basin and subbasins.  The full reports were also made available in the Gualala Basin’s 
appendices; 

• Conduct Integrated Analysis (IA).  Through the use of a series of IA Tables the disciplinary information 
were related to one another.  These tables begin with geologic conditions and processes operating on them.  
These processes include natural disturbances like precipitation, earthquakes, fires, floods, droughts, 
landslides, and vegetation history, as well as human caused impacts to processes associated with land use. 
These disturbance factors cause responses in riparian and stream channel conditions, water quality, which in 
turn affects fish and other biota.  The IA Tables follow these processes (drivers) through the delivery process 
and help explain the conditions (responses) they cause.  The IA process also helps identify watershed 
condition trends; 

• Conduct limiting factors analysis (LFA).  The Ecological Management Decision Support system (EMDS) 
was used, along with expert analysis and local input, to evaluate factors at the tributary scale.  These factors 
were rated to be either beneficial or restrictive to the well being of fisheries.  The CDFG Restoration Manual 
(Flosi, et al. 1998), and other literature, provided habitat condition values to help set EMDS reference 
curves.  Additionally, findings and recommendations from over 26 Gualala tributary surveys were used to 
verify the EMDS results; 

• Conduct refugia rating analysis.  The CDFG NCWAP assessment team created a worksheet for rating 
refugia quality at the tributary scale (see Page 51).  The worksheet has 21 condition factors rated on a sliding 
scale from high to low quality.  The 21 factors are grouped into five categories:  1) stream condition; 2) 
riparian condition; 3) native salmonid status; 4) present salmonid abundance; and 5) management impacts 
(disturbance impacts to terrain, vegetation, and the biologic community).  The tributary ratings are 
determined by combining the results of air photo analyses, EMDS, and data in the CDFG tributary reports by 
a multi-disciplinary, team of expert analysts.  Ratings of various factors are combined to determine an 
overall refugia rating on a scale from high to low quality.  The tributary ratings are subsequently aggregated 
at the subbasin scale and expressed as a general estimate of subbasin refugia conditions.  Factors with 
limited or missing data are noted and discussed in the comments section as needed.  In most cases, there are 
data limitations on one to three factors.  A discussion of the rating system is at the end of this summary.  The 
Gualala NCWAP team did not have the refugia rating sheet at the time of their assessment; the CWPAP 
team used it in their analysis for this Gualala Implementation Summary document; 

• Develop conclusions and recommendations.  Recommendation tables for watershed and stream 
improvement activities were developed at the tributary scale based upon stream inventory information, air 
photo analysis, field verification samples, workshop inputs, and other information.  The recommendation 
tables are presented at the end of each Profile chapter as answers to the sixth assessment guiding question; 

• Facilitate monitoring of conditions.  CDFG is developing a monitoring program and will facilitate adopting 
it in the Gualala and other assessed watersheds. 
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Figure 1.  Gualala  subbasins and CalWater 2.2a Planning Watersheds. 
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Gualala Basin Profile 
he Gualala Basin drains an area of  298 square miles along the coast of southern Mendocino and northern Sonoma 
counties. The river enters the Pacific Ocean near the town of Gualala, approximately 115 miles north of San 

Francisco and seventeen miles south of Point Arena.  The Gualala Basin is about thirty-two miles long on a northwest 
– southeast orientation, and extends inland about fourteen miles.  Elevations vary from sea level to 2,602 feet at Gube 
Mountain; the most mountainous terrain is in the northern and eastern parts of the watershed. 
The name Gualala comes from the Kashia Pomo Indian phrase, "ah kha wa la lee", which means “where the water 
flows down”.  The southern, central and northern Pomo Indians inhabited the Mendocino Sonoma coast when trappers 
and settlers from Mexico and Russia arrived to this area.  There were three tribes of Pomo Indians; Kashia, Yokiya and 
Bokeya.  An early Mexican land grant held by Rafael Garcia used the Gualala River as a boundary line to separate the 
Bokeya and Yokiya Pomo tribes.   
That land grant was cancelled by Rancho de Herman, and since March 11, 1859, the mainstem Gualala 
downstream of the North Fork has delineated the border between Sonoma and Mendocino counties.  A white 
settler named Charlie Haupt married a Kashia Pomo woman and invited her people to live with them.  The 
tribe lived on the Haupt ranch until 1919, when they moved to the 40 acres reservation purchased for them 
by the federal government.  This reservation is still located near the headwaters of Haupt Creek 
(www.gualala.com/history/pomo.htm). 
 
The Gualala Basin has a Mediterranean climate and is influenced by fog near the coast with seasonal temperatures 
ranging from 40 to 60° F, with the interior areas of the watershed ranging from below freezing to over 90° F 
seasonally. Rainfall also varies by location within the watershed with an average of 33 inches falling near the town of 
Gualala, and totals reaching over 63 inches in some areas of the interior. 
A long history of movement along the San Andreas and Tombs Creek faults has been a dominant force in shaping the 
Gualala Basin.  These faults transect the basin along northwest-southeast oriented lines.  The Tombs Creek Fault 
separates highly unstable mélange on the east from relatively stable terrain on the west.  The South Fork Gualala and 
the Little North Fork of the Gualala River flow within a linear valley formed by the San Andreas Fault.  Bedrock 
underlying much of the basin has been tectonically broken and sheared making it relatively weak, easily weathered, 
and inherently susceptible to landsliding and erosion.   
Prior to European settlement, coniferous forest occupied approximately two thirds of the Gualala Basin.  Dense old 
growth redwood forests dominated the northwestern portion of the basin, particularly the alluvial North Fork Subbasin.  
Old growth redwood forest also lined the long and narrow South Fork Gualala valley.  Douglas fir predominated in 
central and mid-slope locations more distant from the coast.  In the inland, eastern portion of the Gualala Basin, the 
natural distribution of Douglas fir becomes increasingly fragmented.  Here, the long summer drought limits Douglas fir 
to north facing slopes.  Oak-woodland predominates on higher, inland terrain that is beyond the foggy coastal marine 
influence.  Additionally, large areas of prairie grassland occupy the driest sites along the higher slopes and ridges.  
These grasslands occupy larger continuous areas on the highest and most eastern areas of the basin.  
The total Gualala Basin resident population for the year 2000 census was estimated to be about 2,700 people with the 
majority residing in or near the town of Gualala and less in and around the town of Annapolis.  Over 99 percent of the 
basin is held as private property.  Compared to other north coast watersheds, the basin has one of the longest records of 
timber harvest as a primary land use.  
Logging of the virgin old growth redwood forest began during the mid 1800s in lower portions of the watershed near 
coastal ramp and port facilities.  There was concentrated demand for the resource after the 1906 earthquake and 
subsequent rebuilding of San Francisco.  Fire was used extensively to reduce slash during logging and to convert 
redwood forest to grazing land after the logging.  Gasoline powered crawler tractors made their appearance in the 
North Coast in the late 1920s, but logging in the Gualala was inactive during the Great Depression.  Increased demand 
for lumber products during the 1950s coincided with the widespread deployment of heavy tractors that were greatly 
improved by technology advanced during World War II.  By 1964, tractor harvesting had continued at an active pace 
to comprise a majority of the timbered areas in the west and central parts of the watershed. 
The current fishery resources of the Gualala Basin include coho salmon, steelhead trout, pacific lamprey, California 
roach, coast range sculpin, prickly sculpin, riffle sculpin, and threespine stickleback.  Above barriers to anadromous 
fish, resident populations of rainbow trout may exist.  Species inhabiting the coastal lagoon/estuary include starry 

T 
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flounder, staghorn sculpin, and Pacific herring.  Historic anecdotal accounts cite Sacramento sucker in the system, and 
eulachon were alleged to be in the estuary.  Additionally, Chinook salmon juveniles were caught prior to 1945. 
Salmonid population data are very limited and only two credible population estimates have been made for the Gualala 
Basin, although anecdotal evidence suggests that the coho salmon and steelhead trout populations were larger 
historically than today.  No population estimates were conducted using actual data for coho salmon.  The population 
estimates commonly referenced were generated by comparing the Gualala’s size, geographical location, and 
precipitation with better studied watersheds.  However, two credible adult steelhead trout population estimates were 
made in 1975-76 and 1976-77. The populations were estimated by a CDFG study to be 7,608 in 1975-76 and 4,324 in 
1976-77 with .95 confidence intervals.  
After World War II ended in 1945, the Gualala River became a popular place to fish for coho salmon, steelhead trout, 
and possibly Chinook salmon.  There was an estimated threefold increase in fishing pressure at that time.  The 
increased fishing pressure indicated that the coho salmon and steelhead trout populations were plentiful in the 1940s.  
By the 1960s, the salmonid populations began to decrease and the CDFG stream surveys recommended stocking coho 
salmon to reestablish viable self-supporting runs in streams with histories of pre-existing populations.  Over the next 
30 years, 347,780 hatchery coho salmon were stocked.  CDFG began planting steelhead trout in 1970, and by 1989, 
310,092 had been planted.  By 1992 stocking of coho and steelhead had ceased except for some very small releases 
associated with CDFG research projects. 

Gualala Basin Profile Stream Reach Condition EMDS  
The anadromous reach condition EMDS system calculates stream reach conditions for salmonids based upon water 
temperature, riparian vegetation, stream flow, and in-channel characteristics.  Data used by the EMDS system come 
from CDFG stream inventories.  Currently, adequate data do not exist for all stream reaches in the Gualala Basin to 
evaluate canopy, pool quality, pool depth, pool shelter, and embeddedness conditions for salmonids, thus the percent 
of each subbasin surveyed must be considered.  More details of how the EMDS model functions are in Appendix 5 of 
the Gualala Assessment Report.   
EMDS calculations and conclusions are pertinent only to surveyed streams and are based on conditions present at the 
time of the individual survey.  EMDS stream reach scores were weighted by stream length to obtain overall scores for 
the surveyed tributaries and their subbasins within the basin context.  The EMDS describes the overall weighted 
average reach conditions in the Gualala Basin as “somewhat unsuitable” for salmonids (Table 1).  Obviously, there is a 
great deal of variation among streams, subbasins, and among the several parameters evaluated.  Suitable conditions 
exist for canopy in the North Fork and South Fork subbasins, both of which are heavily influenced by summer coastal 
fog; somewhat suitable conditions exist for embeddedness in the North Fork while the other four subbasins were 
somewhat unsuitable or undecided.  Pool quality, pool depth and pool shelter were found to be unsuitable where 
surveys were conducted.  These results are based upon surveys of fifty percent of the Gualala Basin’s streams and may 
change as more data are collected and analyzed. 
 

Table 1.  EMDS anadromous reach condition model results for the Gualala Basin.   

Subbasin 
Percent 

Surveyed 
Canopy Embeddedness Pool 

Quality 
Pool 

Depth 
Pool 

Shelter 
North Fork  81  ++ + - - - - - - - 
Rockpile  39% - - - - - - - - - - 
Buckeye 37% - U - - - - 
Wheatfield Fork 62% - - - - - - - - - - 
Mainstem/South 
Fork 31% + + - - - - - - - - 

Gualala Basin 50% + - - - - - - - - 
Key:  +++  Fully Suitable  U   Undetermined   -    Somewhat Unsuitable 

++     Moderately Suitable     - -     Moderately Unsuitable  
+     Somewhat Suitable      - - - Fully Unsuitable 

Gualala Basin Profile Summary of Tributary Recommendations 
The Estuary Subbasin was not included in the NCWAP report’s tributary recommendations due to a lack of data.  The 
Gualala River Watershed Council recently conducted an assessment of estuary conditions and their findings have 
helped CWPAP analysts formulate subsequent recommendations for the estuary.  Future estuary work by the Council 
will lead to better focused recommendations in the future.  The NCWAP team did develop recommendations for the 
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other four subbasins.  Each tributary was originally assigned from zero to ten applicable recommendations, which were 
ranked in order of importance (Table 2).  To compare the occurrence of recommendations between the five inland 
subbasins in the Gualala Basin, the three top ranking recommendations for each tributary were compiled (e.g., Table 
7).  Complete tributary recommendations can be found in each of the subbasin sections of this report, except for the 
estuary.  Methods to determine recommendations can be found beginning on page 44 of this document. 
In terms of the most frequently given recommendations in each subbasin, the North Fork Subbasin had pool, cover, 
and roads recommendations for four out of nine tributaries surveyed.  The Rockpile and Buckeye subbasins shared the 
same recommendations for the two streams surveyed.  The Wheatfield Fork Subbasin had a canopy recommendation 
for eight out of nine tributaries surveyed, and the Mainstem/South Fork Subbasin had one road recommendation for all 
seven of the tributaries surveyed.   
Table 2.  Occurrence of improvement recommendations in first three ranks in surveyed streams, Gualala Basin. 

Subbasin 
# of  

Surveyed 
Tributaries 

# of 
Surveyed 
Stream 
Miles 

Bank Roads Canopy Temp Pool Cover
Spawning 

Gravel 
LDA

Live-
stock
Feral 
Pigs 

Fish 
Passage

North Fork  9 22.8 3 5 3 3 8 8 2 3 0 1 

Rockpile  1 8.4 1 1 1 1 1 1 0 0 0 0 

Buckeye 1 9.7 0 1 1 1 1 1 0 0 0 0 

Wheatfield 
Fork  9 56.7 6 3 8 4 7 7 6 0 5 0 

Mainstem/ 
South Fork 7 10.4 1 7 2 2 5 6 0 0 1 1 

Gualala 
Basin  27 108 11 17 15 11 22 23 8 3 6 2 

Gualala Basin Profile Summary of Refugia Areas 
The CWPAP assessment team identified and characterized refugia habitat in the Gualala Basin by using expert 
professional judgment and criteria developed for north coast watersheds.  The criteria included measures of watershed 
and stream ecosystem processes,  the presence and status of fishery resources, forestry and other land uses, land 
ownership, potential risk from sediment delivery, water quality, and other factors that may affect refugia productivity.  
Details of the refugia rating system can be found beginning on page 45 of this document.  The team also used results 
from information processed by EMDS at the stream reach and planning watershed/subbasin scales.  This analysis was 
conducted subsequent to the NCWAP report release.  Thus, some of this information is newly reported here and may 
slightly vary from the original assessment report due to consideration of additional data or parameters.    
The most complete data available in the Gualala Basin were for twenty-seven tributaries surveyed by CDFG.  
However, several Gualala Basin tributaries, mostly small, were lacking data for some factors considered by the 
assessment team.  Salmonid tributary habitat conditions in the Gualala Basin are generally best in the North Fork 
Subbasin, and mixed in the Rockpile, Buckeye, Wheatfield Fork, and South Fork subbasins (Table 3).  The Estuary 
could not be evaluated due to the lack of data.  
 

Table 3.  Subbasin salmonid refugia area ratings in the Gualala Basin. 

Refugia Categories:                       Other Categories: 

Subbasin High 
Quality 

High 
Potential 

Medium 
Potential 

Low 
Quality 

Non-
Anadromous 

Critical 
Contributing 

Area/Function 

Data 
Limited 

North Fork    X  (N=10)    X 
Rockpile             (N=1)  X   X 
Buckeye      (N=1)  X    X 
Wheatfield  Fork                  (N=10)  X   X X 
South Fork        (N=7)  X    X 

*Ratings are done on a sliding scale from best to worst.  Subbasin refugia ratings are aggregated from their tributary ratings.  Relative rating is 
indicated by an X; N = number of streams surveyed in the subbasin.  Distances surveyed weight ratings; refer to the subbasin sections for surveyed 
distances.   
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Gualala River Tributaries by Refugia Category: 
 
Tributaries with High Quality Habitat, High Quality Refugia: 
None 
 
Tributaries with High Potential Refugia: 
       
 
 
 
 
 
 
 
Tributaries with Medium Potential Refugia: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tributaries with Low Quality Habitat, Low Potential Refugia: 
 
 
 
 
 
 
 
 
Other Related Refugia Component Categories: 
 
Potential Future Refugia (Non-anadromous) 
None Identified 
 
Tributaries with Critical Contributing Areas/Functions: 
 
 
 
 
 
Data Limited Tributaries:   
All streams were missing some data components that would have provided a better data set for use in the refugia 
analysis.  In all streams rated, this usually involved one or two of the factors used in the rating process and did not 
prevent refugia determination from being estimated.   

North Fork Subbasin: 
Doty Creek 
Log Cabin Creek 
Robinson Creek 
Dry Creek 
McGann Creek 
Unnamed Trib., Dry Creek 
Unnamed # 1, LNF Gualala 
Unnamed # 2, LNF Gualala 

Buckeye Subbasin: 
Buckeye Creek 

Rockpile Subbasin: 
Rockpile Creek 

Wheatfield Fork Subbasin:
House Creek 

Wheatfield Fork Subbasin: 
Wheatfield Fork 
Haupt Creek   
Tombs Creek 
Pepperwood Creek 
Danfield Creek 

South Fork Subbasin: 
Camper Creek 
Carson Creek 
Upper South Fork Gualala 
Marshall Creek 
McKenzie Creek 
Palmer Canyon Creek   
Wild Hog Canyon Creek 

Wheatfield Fork Subbasin: 
Wheatfield Fork 

Wheatfield Subbasin: 
Fuller Creek 
North Fork Fuller Creek  
South Fork Fuller Creek 
Sullivan Creek

North Fork Subbasin: 
North Fork Gualala 
Little North Fork Gualala 
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Figure 2.  Refugia categories for the Gualala Basin surveyed tributaries.  
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Gualala Basin: Responses to Assessment Question Six:  
What watershed and habitat improvement activities would most likely lead toward more desirable 
conditions in a timely, cost effective manner? 

Flow and Water Quality Improvement Activities: 
• Continue stream flow gage maintenance for long-term flow studies; 
• Reductions in sediment delivery and deposition, as well as improved riparian canopy density and diversity, 

as presented in recommendations below, should improve water quality conditions for salmonids; 
• CDFG stream surveys encountered extended dry reaches in some streams during summer surveys.  These 

areas should be further investigated to determine if water conservation measures would lead to 
improvements in flow during dry periods. 

Erosion and Sediment Delivery Reduction Activities: 
• Continue efforts such as road assessments and subsequent improvements like storm proofing and 

decommissioning throughout the watershed to reduce sediment delivery to the Gualala River and its 
tributaries; 

• Evaluate and address sediment sources such as bank erosion, road erosion, gullies, road/stream crossing 
failures, skid trails, and erosion features associated with timber harvest and other land use.  Some historically 
active sediment sites are identified on Plate 3, “Potential Restoration Sites, and Habitat Limiting Factors for 
the Gualala Basin,” found in the Gualala Basin Geologic Report, Appendix 2. 

Riparian and Habitat Improvement Activities: 
• Maintain and enhance existing riparian density and diversity.  Where canopy is inadequate and site 

conditions are appropriate, initiate tree planting and other vegetation management to hasten the development 
of denser, more extensive and diverse riparian canopy; 

• The natural large woody debris recruitment process should be enhanced by developing large riparian 
conifers with tree protection, planting, thinning from below, and other vegetation management techniques.  
Artificial regeneration and vegetation management efforts should be targeted in the eastern reaches of the 
basin, since riparian canopy has improved during the last 40 years in the middle and lower stream reaches of 
the basin; 

• Land managers should add more large organic debris and shelter structure to streams in order to improve 
sediment metering, channel structure, channel function, habitat complexity, and diversity for salmonids.  
Pool depth and shelter consistently need help; 

• Ensure that stream reaches with high quality habitat are protected from degradation. The best stream 
conditions as evaluated by the stream reach EMDS and identified as potential refugia were found in the 
North Fork and Little North Fork; 

• Reduce livestock and feral pig access and related disturbance impacts in riparian zones to encourage 
stabilization of stream banks and accelerate re-vegetation. 

Supplemental Fish Rescue and Rearing Activities: 
• Evaluate fish rescue activities, for example the operation on Doty Creek, and continue if deemed 

appropriate. 
Education, Research, and Monitoring Activities: 

• Encourage continuation and expansion of the in-channel monitoring using the protocols developed by CDFG 
and GRWC; 

• Expand the aerial photo interpretation of channel characteristics to include pre-1984 conditions. This will 
provide a better idea of the trajectory of improving conditions;  

• Ground-truth the aerial photo interpretation of channel characteristics to compare to actual habitat conditions 
and fine-tune the analytical techniques for trend comparisons; 

• Expand continuous air and water temperature monitoring into locations in the eastern portion of the 
watershed to assess warm summer water temperatures in those areas;  

• Conduct canopy density and diversity sampling to enhance the water temperature data and facilitate 
modeling. 



Gualala Basin 12  Implementation Summary 

 

Gualala Estuary 

 
Gualala Estuary/lagoon, Gualala Basin, Mendocino County, California 

 © P.T. Nunn 2002 

Introduction   
stuaries are critical habitats for all anadromous salmonids.  Estuaries provide the connection between freshwater 
and marine environments through which salmonids pass as juveniles during seaward migrations and as adults 

during spawning migrations.  Estuaries are also recognized as valuable salmonid nursery areas because their ocean 
connection helps provide abundant food supplies, diverse habitat, and relative security from predators.  Fish that utilize 
estuaries for an important part of their life cycle, such as salmonids, are referred to as estuarine-dependent.   
During seaward migrations, all juvenile coho salmon and steelhead utilize at least a brief estuarine residence while 
they undergo physiological adaptations to salt water and imprint on their natal stream.  Juvenile salmonids may also 
extend their estuarine residency to utilize the sheltered, food rich environment for several months or a year before 
entering the ocean.  Studies have revealed that juvenile salmonids utilizing estuaries for three months or more return to 
their natal stream at a higher rate than non-estuarine reared members of their cohort (Reimers 1973; Nicholas and 
Hankin 1989).  Estuarine reared salmonids may be at an advantage because they enter the ocean at a larger size or 
during more favorable conditions.  A larger size may be advantageous by allowing juvenile salmonids to avoid 
predation or increase their prey items.   
Estuarine rearing is a strategy that adds diversity to juvenile salmonid life history patterns and increases the odds for 
survival of a species encountering a wide range of environmental conditions in both the freshwater and marine 
environments.  Additionally, an extended estuarine residency may be especially beneficial for salmonids from rivers 
where low summer flows or warm water temperatures severely limit summer rearing habitat.  Benefits are dependent 
upon the estuary retaining its connection with cool, nutrient laden seawater.     
The Gualala River Estuary/lagoon is within the Big Pepperwood Creek Planning Watershed, and extends upstream 
from the Pacific Ocean to the North Fork Gualala River confluence at river mile 3.4 (RM 3.4), which is about four feet 
above sea level. The town of Gualala lies alongside the lower 0.8 miles of the estuary.  The subbasin assessment area is 
approximately 2.5 square miles. China Gulch is the only USGS designated blue line stream in the estuary.  During  

E 
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Figure 3.  Estuary  Subbasin, Gualala River, Sonoma County, California 

summer months, a sand bar typically forms across the mouth of the estuary which blocks the exchange of tidewater, 
creating a coastal lagoon.  The lagoon typically extends upstream from the ocean beach about three miles.  
The Sotoyome Resource Conservation District (SRCD), in partnership with the Gualala River Watershed Council, was 
recently awarded a $150,000 grant by the California Coastal Conservancy to perform an estuary assessment and to 
develop an enhancement plan.  They in turn contracted with ECORP Inc. for some components of the research.  This 
project will assess the physical and biological conditions of the estuary from the confluence with the North Fork 
downstream, ascertain the estuary’s affects on the life history strategies of Gualala salmonids, and determine how 
existing conditions may be affecting general estuarine aquatic productivity.  Improvement recommendations based on 
the findings will be a final product.   
 
Preliminary Estuary Study Findings and Observations: 
 
The following findings and inferences were made from estuarine data collected by ECORP Inc. in 2002, and Regional 
Water Board staff in 2003.  Additional 2003 ECORP Inc. data were not available when this summary was in 
preparation.  None of these data were available to the NCWAP assessment team in 2002. 
 
In 2002 and 2003 the lagoon’s summer/fall sandbar was observed to breech for the winter/spring period on December 
13 and 4 respectively.  In mid-June 2003, large swells broke through the sandbar, virtually draining the estuary until 
the bar closed and reformed the lagoon later in the month.   
  
Water temperatures over 68°F are considered stressful and potentially lethal to salmonids, and oxygen levels below 
6mg/L are considered to impair production.  In the Gualala estuary, most samples taken at depths greater than six feet, 
recorded the highest temperatures, greatest salinity, and lowest dissolved oxygen levels.  Based on these limited data, it 
appears that water temperature and oxygen content at some sites may not be optimal for salmonids (Table 4).   
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Table 4.  Oxygen and Water Temperature ranges collected in 2002 and 2003, Estuary Subbasin, Gualala Basin 

Oxygen (mg/L)  Water Temperature (F) Year and Source 
Fall Winter Spring Summer Fall Winter Spring Summer 

2002 ECORP, Inc. 0.5-8.0 ND ND 5.0-8.0 57-59 ND ND 61-66 

2003 RWQCB 3.3-21.0 2.1-16.4 9.9-12.7 0.6-8.7 65-69 47-53 49-71 65-72 

 
In June – November 2002, the estuary researchers used a beach seine to collect fisheries data at nine sample sites.  
Steelhead was the most frequently counted species in the samples.  Their size classes were dominated by 1+ and 2+ 
juveniles.  Counts increased through the summer and were highest during September.  By October counts began to 
drop, and only incidental observations occurred in November. Some fish may have been prey for birds, snakes, etc., 
missed during sampling due to net avoidance, or may have moved back upstream (Figure  4). 
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Figure  4.  2002Gualala estuary seined juvenile steelhead.   

 
In July 2002, macroinvertebrate sampling was conducted in the lower Gualala River. Samples collected in the reach 
from the North Fork Gualala confluence (RM3.4) to the campground (RM2.4) indicated that the benthic 
macroinvertebrate biotic condition was rated “Good” with a score of 20.  Samples from the campground downstream 
to the Highway 1 Bridge (RM0.9) rated “Poor” with a score of 10.  Little research has been conducted on the normal 
ranges of macroinvertebrate abundance and distribution in transition zones between riverine and estuarine conditions. 
 

Stream Reach Condition EMDS 
The stream reach EMDS was not used to evaluate the estuary or its most significant tributary, China Gulch. 

Analysis of Tributary Recommendations 
According to the USGS 7.5 minute topographical map, China Gulch has 1.3 miles designated with a blue line 
indicating perennial or intermittent flow.  It is the only such blue line stream in the subbasin.  China Gulch flows 
through the town of Gualala; it was not surveyed during the assessment and no tributary recommendations were 
developed.   

Refugia Areas 
There were inadequate data to conduct refugia analysis at the time of the assessment.  At the conclusion of current 
SRCD assessment, refugia status will be estimated. 

Gualala Estuary Profile:  Responses to Assessment Question Six:  
What watershed and habitat improvement activities would most likely lead toward more desirable conditions in 
a timely, cost effective manner? 
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There are currently only preliminary data with which to consider this question.  This question should be addressed in 
more detail after the SRCD Estuary Assessment and Enhancement Plan are completed.  However, based upon their 
preliminary findings the following prudent measures should be considered: 
 

• Encourage cooperative efforts to reduce the amount of sediment transported from streams throughout the 
Basin; 

 
• Maintain and enhance existing riparian canopy cover and near stream forest areas; 

 
• Deep pools with cooler water and adequate levels of cover for salmonids appear to be uncommon in the 

estuary.  Develop potential projects to add large wood or other structures to increase depth and habitat 
complexity at suitable sights within the estuary; 

 
• Support local efforts to monitor summer water and air temperatures on a 24-hour basis to establish a base line 

of information to help detect long-range trends and short-term effects on the aquatic/riparian community. 
 

Subbasin Conclusions 
The Gualala estuary in summer is more correctly termed a coastal lagoon. The mouth is usually closed to sea water 
intrusion from June through October.  Only occasionally during this period, ocean swells wash over the lagoon’s 
sandbar.  Consequently, there is little exchange of sea water and fresh water, and virtually no access for fish to move 
between the two environments. 
No hypotheses or conclusions were developed during the original NCWAP assessment because the estuary study was 
in progress and there were no results at the time of the Assessment Report’s printing.  Since then some preliminary 
findings have enabled further analysis by the CDFG Coastal Watershed Planning and Assessment Program.   
 
Aquatic and instream conditions in estuaries, at the most downstream section of a river system, are a response to 
watershed processes and products from upstream.  Sediment and warm water are two watershed products most 
deleterious to any estuary’s fisheries.  This appears to be the case with the Gualala Estuary, thus long term 
improvements in this subbasin must be produced by careful watershed stewardship throughout the Gualala Basin.   
 
Based on only two years of data, current summer/fall lagoon conditions appear to be less than hospitable for 
salmonids. Elevated summer water temperature, some areas with low dissolved oxygen, simplified stream habitat with 
poor escape cover and shallow depths are factors that contribute to the present habitat conditions. 
 
General Recommendations: 
 
The Gualala Basin is naturally composed of very unstable and erosive terrain.  It is unknown if historic estuarine 
conditions were more or less favorable for salmonid populations.  However, opportunities for improvements currently 
include:   

 
• Land use project planning throughout the Gualala must include appropriate Best Management Practices 

(BMPs) to reduce erosion as close to natural rates as possible; 
• During land use projects, prescribed BMPs must followed during the course of any project to minimize 

erosion and sediment delivery and to prevent vegetation removal near streams;   
• Develop streamside canopy, especially with appropriate native conifers; 
• Add large woody debris to improve instream structure, create pools, and improve channel complexity;   
• Water temperature, turbidity, and suspended sediment monitoring will provide better information with which 

to understand trends and plan improvements; 
• Monitoring of salmonid usage of the estuary/lagoon should continue to provide guidance for improvements. 
 

Many landowners and managers are interested and motivated to eliminate watershed and stream impacts to 
salmonids related to land use, and wish to accelerate a return to beneficial conditions.  They are encouraged 
to do so, enlisting the aid and support of private sector and public agency technology, experience, and 
funding opportunities. 
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North Fork Gualala Subbasin  

 
North Fork Gualala, North Fork Subbasin, Gualala Basin, Mendocino County, California  

Photo courtesy of the Gualala Redwoods Inc. 

Introduction 
he North Fork Subbasin encompasses 47.9 square miles of private land in the northern end of the Gualala Basin. 
There are four Planning Watershed Areas.  The main channel has a zigzag pattern in response to faulting.  There 

are 157 streams, and ten USGS blue line streams which provide up to 127 miles of habitat.  The five major tributaries 
are the Little North Fork, Robinson, Dry, Stewart, and Billings creeks (Figure 5).  Predominant land uses include 
timber production, grazing, small vineyards, and some forty-acre and larger subdivisions.  Nine tributaries were 
inventoried by CDFG in 2001.  There were seventeen reaches, totaling 22.1 miles in the inventory surveys (Table 5).  
The inventories included channel and habitat typing, and biological sampling. 
 

Table 5.  North Fork Subbasin with estimated anadromy.   

Stream 
CDFG 
Survey 
(Y/N) 

Survey 
Length 
(miles) 

Estimated 
Anadromous Habitat 

Length (miles) 
Reach Channel 

Types 

Little North Fork Y 3.9 3.9 3 F4, B4, B3 
Little North Fork  
Unnamed Tributary  Y 1.0 1.0 2 F4, A4 

Doty Creek Y 1.2 1.2 2 F4, A3 
Log Cabin Y 0.3 0.3 1 B4 
North Fork Y 11.2 13.6 1 F4 
Robinson Creek (lower) Y 1.5 1.5 1 B4 
Dry Creek Y 2.1 2.9 1 F4 
Dry Creek Tributary #1 Y 0.5 0.5 2 F4, B1 
McGann Gulch Y 0.4 2.0 1  
Stewart Creek N  2.3   
Lost Creek N  0.3   
Robinson Creek (upper) N  4.1   
Bear  Creek N  1.6   
Billings Creek N  5.9   
Palmer Creek N  0.8   

T 
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Figure 5.  North Fork Subbasin, Gualala Basin, Mendocino County, California 

Stream Reach Condition EMDS 
The anadromous reach condition EMDS evaluates the conditions for salmonids in a stream reach based upon water 
temperature, riparian vegetation, stream flow, and in channel characteristics.  Data used by the EMDS system come 
from CDFG stream inventories.  Currently, data exist in the Gualala Basin to evaluate the overall canopy, pool quality, 
pool depth, pool shelter, and embeddedness conditions for salmonids.  EMDS calculations and conclusions are 
pertinent only to surveyed streams and are based on conditions present at the time of individual survey.   
EMDS stream reach scores were weighted by stream length to obtain overall scores for tributaries and the entire North 
Fork Subbasin.  Weighted average reach conditions on surveyed streams in the North Fork Subbasin were evaluated by 
the EMDS as somewhat unsuitable for salmonids (Table 6).  Most of the streams surveyed had suitable canopy cover 
and embeddedness conditions. 
 

Table 6.  EMDS anadromous reach condition model results for the North Fork Subbasin..   

Stream Canopy Embeddedness Pool 
Depth Pool Shelter Pool Quality Water 

Temperature 
North Fork Subbasin ++ + -- --- --  
Doty Creek +++ - --- -- -  
Dry Creek - ++ --- --- --- +++ 
Dry Creek Trib #1 - + --- -- --  
Little North Fork +++ ++ --- -- -- +++ 
Little NF Trib #1 +++ + --- -- --  
Log Cabin Creek +++ + --- -- --  
McGann Creek ++ --- --- --- ---  
North Fork ++ ++ +++ --- U U 
Robinson Creek - - --- + - +++ 

Key:  +++     Fully Suitable  U   Undetermined   -    Somewhat Unsuitable 
++     Moderately Suitable     - -     Moderately Unsuitable 
+     Somewhat Suitable      - - - Fully Unsuitable 

Analysis of Tributary Recommendations 
CDFG inventoried 28.1 miles on ten tributaries in the North Fork Subbasin.  A CDFG biologist selected and ranked 
recommendations for each of the inventoried streams, based upon the results of these standard CDFG habitat 
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inventories (Table 7).  More details about the tributary recommendation process are given in the Gualala Synthesis 
Section of the Watershed Profile.   

Table 7.  Ranked tributary recommendations summary in the North Fork Subbasin based on CDFG stream inventories. 

Stream 

# of 
Surveyed 
Stream 
Miles 

Banks Roads Canopy Temp. Pool Cover Spawning 
Gravel LDA 

Livestock 
and/or 

Feral Pigs 

Fish 
Passage 

Doty Creek 1.2  5   1 2 3 6  4 
Dry Creek 2.1   3 4 1 2     
Dry  Creek Trib #1 0.5   3  1 2     
Little North Fork 3.9  3   1 2     
Little NF Trib #1  1.0     1 2     
Log Cabin Creek 0.3 4 3   2 1  5   
McGann  Creek 0.4 4    2 1 3    
North Fork 11.2 2 3  4  1     
Robinson Creek 1.5  4 2 3 1   5   
Bank = stream banks are failing and yielding fine sediment into the stream;  Roads = fine sediment is entering the stream from the road system;  Canopy = 
shade canopy is below target values; Temp = summer water temperatures seem to be above optimum for salmon and steelhead;  Pool = pools are below 
target values in quantity and/or quality;  Cover = escape cover is below target values;  Spawning Gravel = spawning gravel is deficient in quality and/or 
quantity;  LDA = large debris accumulations are retaining large amounts of gravel and could need modification;  Livestock = there is evidence that stock 
is impacting the stream or riparian area and exclusion should be considered;  Fish Passage = there are barriers to fish migration in the stream. 

 
In order to further examine North Fork Subbasin issues through the tributary recommendations given in CDFG stream 
surveys, the top three ranking recommendations for each tributary were collapsed into five different recommendation 
categories: Instream Habitat, Erosion/Sediment, Riparian/Water Temperature, Gravel/Substrate, and Other (Table 8).  
When examining recommendation categories by number of tributaries, the most important recommendation category 
in the North Fork Subbasin is Instream Habitat.  
 

Table 8.  Top ranking recommendation categories by number of tributaries in the North Fork Subbasin. 

North Fork Subbasin Target Issue Related Table Categories Count 

Instream Habitat Pool / Cover 16 

Erosion / Sediment Bank / Roads 8 

Riparian / Water Temp Canopy / Temp 6 

Gravel / Substrate Spawning Gravel / LDA 5 

Other Livestock / Barrier 1 

However, comparing recommendation categories in the North Fork Subbasin by number of tributaries could be 
confounded by the differences in the number of stream miles surveyed on each tributary.  Therefore, the number of 
stream miles in each subbasin assigned to various recommendation categories was calculated (Figure 6).  When 
examining recommendation categories by number of stream miles, the most important recommendation categories in 
the North Fork Subbasin are Instream Habitat, Erosion/Sediment and Riparian/Water Temperature.  These comprise 
the recommended improvement activity focus areas. 
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Figure 6.  Recommendation categories by stream miles in the North Fork Subbasin. 

 
The high number of Instream Habitat Recommendations across the North Fork Subbasin indicates that high priority 
should be given to restoration projects emphasizing pools and shelter/cover. 

Refugia Areas 
The interdisciplinary team identified and characterized refugia habitat in the North Fork Subbasin by using expert 
professional judgment and criteria developed for north coast watersheds.  The criteria included measures of watershed 
and stream ecosystem processes,  the presence and status of fishery resources, forestry and other land uses, land 
ownership, potential risk from sediment delivery, water quality, and other factors that may affect refugia productivity.  
The team also used results from information processed by EMDS at the stream reach and planning watershed/subbasin 
scales.  The most complete data available in the North Fork Subbasin were for tributaries surveyed by CDFG.  
However, some tributaries were still lacking data for some factors considered.   
Salmonid habitat conditions in the North Fork Subbasin on surveyed streams are generally rated as medium potential 
refugia.  However, North Fork and Little North Fork provide high potential refugia (Table 9). 
Table 9.  Tributary salmonid refugia area ratings in the North Fork Subbasin. 

Refugia Categories: Other Categories: 

Stream High 
Quality 

High 
Potential 

Medium 
Potential 

Low 
Quality 

Non-
Anadromous 

Critical 
Contributing  
Area 

Data 
Limited 

North Fork  X     X 
Little North Fork  X     X 
Unnamed #1, 
LNF Gualala   X    X 

Unnamed #2, 
LNF Gualala   X    X 

Robinson Creek   X    X 
McGann Creek   X    X 
Dry Creek   X    X 
Unnamed Trib., 
Dry Creek   X    X 

Doty Creek   X    X 
Log Cabin Creek   X    X 

*Ratings in this table are done on a sliding scale from best to worst.   

North Fork Subbasin:  Responses to Assessment Question Six:  
What watershed and habitat improvement activities would most likely lead toward more desirable 
conditions in a timely, cost effective manner? 

• Consider careful planning of land uses that could exacerbate mass wasting, since the relative potential of 
landsliding is high to very high in 56 percent of the subbasin; 
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• Continue efforts such as road erosion proofing and decommissioning throughout the subbasin to reduce 
sediment delivery to the North Fork and its tributaries;  

• Encourage cooperative efforts to reduce sediment yield to streams at stream bank erosion sites; 
• Evaluate the possibility of spreading timber harvesting operations over time and space to avoid concentrated 

road use by heavy equipment and resultant mobilization of road surface fines into watercourses; 
• Encourage the use of cable or helicopter yarding on steep and unstable slopes to reduce soil compaction, 

surface disturbance, surface flow interference, and the resultant sediment yield; 
• Maintain and enhance existing riparian cover.  Where current canopy density and diversity are inadequate 

and site conditions are appropriate, initiate tree planting, thinning, and other vegetation management to 
hasten the development of a denser, more extensive and diverse riparian canopy. Dry Creek, Robinson 
Creek, the central and higher reaches of the mainstem, and the lower reaches of Bear and Stewart creeks are 
high priority areas for riparian improvements; 

• Encourage the addition of large organic debris and shelter structures in order to meter sediment inputs, 
improve channel structure, channel function, habitat complexity, and habitat diversity for salmonids. The 
natural large woody debris recruitment process should be enhanced by developing large riparian conifers 
with tree protection, planting, thinning from below, and other vegetation management techniques;  

• Evaluate the fish rescue activities and fish holding facilities on Doty Creek to determine if it is causing a 
migration barrier and/or habitat degradation due to water diversion; 

• Encourage more habitat inventory surveys and biological surveys of tributaries, as only 81 percent of the 
subbasin has been completed; 

• Encourage continuation and expansion of the in-channel monitoring. 

Subbasin Conclusions 
Based upon this assessment, the North Fork Subbasin appears to have the least impacted habitat for salmonids in the 
Gualala Basin.  Historical accounts indicate that this subbasin supported populations of coho salmon and steelhead 
trout.  Current surveys indicate that it continues to have the highest fish productivity in the Gualala Basin, and is the 
only subbasin where coho salmon were observed during the assessment.  However, the salmonid populations are 
currently being limited by depleted canopy cover and elevated water temperatures along the upper reaches of the North 
Fork mainstem and its tributaries.  Reduced habitat complexity is also present in some reaches.  These stream impacts 
are at least somewhat related to elevated levels of sediment yield.  In general, roads, especially near-stream, unpaved 
roads, are major sources of erosion.  
The North Fork Subbasin has 125 miles of identified roads.  Recently, through the on-going cooperative watershed 
improvement efforts by CDFG and Gualala Redwoods Inc., 65 miles of road improvements have occurred resulting in 
reduced sediment delivery to subbasin streams.  In particular, the Doty Creek Planning Watershed was identified to 
contain the highest density of roads proximate to streams in the subbasin.  Eighty-three percent of the Doty Creek 
roads have been improved to date. 
These cooperative improvement efforts should be continued.  Additionally, residents and landowners located in the 
headwaters areas of the subbasin have an opportunity to help maintain and improve stream habitat by becoming better 
educated in methods of planting riparian vegetation and near-stream forest areas to reduce water temperatures.  They 
can also help reduce road related sedimentation to improve water quality and habitat complexity.  They are also 
encouraged to enlist the aid and support of the Gualala Basin improvement groups and agency technology, experience, 
and funding to accomplish these goals. 
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Rockpile Subbasin  

 
Rockpile Creek, Rockpile Subbasin, Gualala Basin, MendocinoCounty, California  

Photo courtesy of the Gualala Redwoods Inc. 

Introduction 
he Rockpile Subbasin is bounded to the north by the North Fork Subbasin and to the south by the Buckeye 
Subbasin. It encompasses thirty-five square miles of private land primarily used for timber production and 

grazing.  This subbasin has steeper hillslopes than the North Fork Subbasin, but has the same zigzag pattern in the 
main Buckeye Creek channel.  There are four Planning Watersheds, 114 streams, and five USGS blue line streams 
which provide up to 88 miles of habitat.  There are two major tributaries: Red Rock Creek and Horsethief Canyon 
(Figure 7).  CDFG conducted one inventory that provided data for a single reach that was 5.1 miles long (Table 10). 
 

Table 10.  Streams with estimated anadromy in the Rockpile Subbasin. 

Stream 
CDFG 
Survey 
(Y/N) 

Survey 
Length 
(miles) 

Estimated 
Anadromous Habitat 

Length (miles) 
Reach Channel 

Type 

Rockpile Creek Y 5.1 21.3 1 F4 

Burnt Ridge Creek N  2.2   
Horsethief Canyon Creek N  1.1   

 

T 
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Figure 7.  Rockpile Subbasin, Gualala Basin, Mendocino County, California. 

Stream Reach Condition EMDS 
The anadromous reach condition EMDS evaluates the conditions for salmonids in a stream reach based upon water 
temperature, riparian vegetation, stream flow, and in channel characteristics.  Data used by the EMDS system come 
from CDFG stream inventories.  Currently, data exist in the Gualala Basin to evaluate the overall canopy, pool quality, 
pool depth, pool shelter, and embeddedness conditions for salmonids.  EMDS calculations and conclusions are 
pertinent only to surveyed streams and are based on conditions present at the time of individual survey.   
EMDS stream reach scores were weighted by stream length to obtain overall scores for tributaries and the entire 
Rockpile Subbasin.  One partial survey on one stream may not be representative of the entire subbasin even though 
data were collected on the mainstem of Rockpile Creek.  Weighted average reach conditions on surveyed streams in 
the Rockpile Subbasin as evaluated by the EMDS are moderately unsuitable for salmonids (Table 11). 

Table 11.  EMDS anadromous reach condition model results for the Rockpile Subbasin. 

Stream Canopy Pool 
Quality 

Pool 
Depth 

Pool 
Shelter Embeddedness Water 

Temperature 
Rockpile -- -- --- -- -- U 
Rockpile Creek -- -- --- -- -  U 

Key:  +++    Fully Suitable   U   Undetermined   -   Somewhat Unsuitable 
++    Moderately Suitable     - -    Moderately Unsuitable 
+    Somewhat Suitable      - - -Fully Unsuitable 

Analysis of Tributary Recommendations 
CDFG inventoried 5.1 miles on one tributary in the Rockpile Subbasin.  A CDFG biologist selected and ranked 
recommendations for each of the inventoried streams, based upon the results of these standard CDFG habitat 
inventories.  More details about the tributary recommendation process are given in the Gualala Synthesis Section of the 
Watershed Profile.   

Table 12:  Ranked tributary recommendations summary in the Rockpile Subbasin based on CDFG stream inventories.   

Stream # of Surveyed 
Stream Miles Bank Roads Canopy Temp Pool Cover 

Spawning 
Gravel 

LDA Livestock Fish 
Passage 

Rockpile Creek 5.1 5 6 3 4 1 2     
Temp = summer water temperatures seem to be above optimum for salmon and steelhead;  Pool = pools are below target values in quantity and/or 
quality;  Cover = escape cover is below target values;  Bank = stream banks are failing and yielding fine sediment into the stream;  Roads = fine 
sediment is entering the stream from the road system;  Canopy = shade canopy is below target values;  Spawning Gravel = spawning gravel is deficient 
in quality and/or quantity;  LDA = large debris accumulations are retaining large amounts of gravel and could need modification;  Livestock = there is 
evidence that stock is impacting the stream or riparian area and exclusion should be considered;  Fish Passage = there are barriers to fish migration in 
the stream. 
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Further analysis of the Rockpile Subbasin was limited because only one tributary was surveyed.  However, the top 
three ranking recommendations were collapsed into five different recommendation categories: Erosion/Sediment, 
Riparian/Water Temp, and Instream Habitat (Table 13).   
 

Table 13.  Top three ranking recommendation categories by number of tributaries in the Rockpile Subbasin. 

Rockpile Subbasin Target 
Issue: Related Table Categories: Count: 

Erosion / Sediment Bank / Roads 1 

Riparian / Water Temp Canopy / Temp 1 

Instream Habitat Pool / Cover 1 

Gravel / Substrate Spawning Gravel / LDA 0 

Other Livestock / Barrier 0 

 
The high number of Erosion/Sediment, Riparian/Water Temperature, and Instream Habitat Recommendations across 
the Rockpile Subbasin indicates that high priority should be given to restoration projects emphasizing sediment 
reduction, re-vegetation of banks, pools, and cover (Figure 8). 
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Figure 8.  Recommendation categories by stream miles in the Rockpile Subbasin. 

Refugia Areas 
The interdisciplinary team identified and characterized refugia habitat in the Rockpile Subbasin by using expert 
professional judgment and criteria developed for north coast watersheds.  The criteria included measures of watershed 
and stream ecosystem processes, the presence and status of fishery resources, forestry and other land uses, land 
ownership, potential risk from sediment delivery, water quality, and other factors that may affect refugia productivity.  
The team also used results from information processed by EMDS at the stream reach and planning watershed/subbasin 
scales.   
The only data available in the Rockpile Subbasin were for the tributary surveyed by CDFG.  Salmonid habitat 
conditions in the Rockpile Subbasin on the only surveyed stream are generally rated as low potential refugia (Table 
14). 
 

Table 14.  Tributary salmonid refugia area ratings in the Rockpile Subbasin. 

Refugia Categories*: Other Categories: 
Stream High 

Quality 
High 

Potential 
Medium 
Potential 

Low 
Quality 

Non-
Anadromous 

Critical Contributing 
Area/Function 

Data 
Limited 

Rockpile Creek           X   X 

*Ratings in this table are done on a sliding scale from best to worst.  
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Rockpile Subbasin Profile:  Responses to Assessment Question Six:  
What watershed and habitat improvement activities would most likely lead toward more desirable 
conditions in a timely, cost effective manner? 

• Consider careful planning of land uses that could exacerbate mass wasting, since the relative potential of 
landsliding is high to very high in 60 percent of the subbasin; 

• Continue efforts such as road erosion proofing and decommissioning throughout the subbasin to reduce 
sediment delivery to Rockpile Creek and its tributaries.  Focus efforts on roads and areas adjacent to the 
streams; 

• Encourage cooperative efforts to reduce sediment yield to streams.  Grazing is an issue in the upper part of 
the subbasin.  Bank stabilization is the third of the top three recommendations; 

• Encourage the use of cable or helicopter yarding on steep and unstable slopes to reduce soil compaction, 
surface disturbance, and resultant sediment yield; 

• Maintain and enhance existing riparian cover.  Where current canopy is inadequate and site condition are 
appropriate, initiate tree planting and other vegetation management to hasten the development of denser and 
more extensive riparian canopy.  Riparian canopy development is the second priority recommendation.  The 
mainstem, Red Rock Creek and Horsethief Canyon are the primary areas needing attention; 

• Encourage the addition of more large organic debris and shelter structures in order to improve sediment 
metering, channel structure, channel function, habitat complexity, and habitat diversity for salmonids.  Pool 
shelter is the most limiting factor in Rockpile Creek, the stream surveyed in the subbasin; 

• The natural large woody debris recruitment process should be enhanced by developing large riparian 
conifers with tree protection, planting, thinning from below, and other vegetation management techniques;  

• Instream structure enhancement is the first of the top three recommendations.  Channel characteristics have 
improved the least in the Middle and Upper Rockpile Creek PWSs; 

• Encourage more stream inventories and biological surveys of tributaries, as only 39 percent of the subbasin 
has been completed; 

• Encourage continuation and expansion of the in-channel monitoring. 

Subbasin Conclusions 
The Rockpile Subbasin has some of the steepest hill slopes in the Gualala Basin.  The subbasin also appears to be one 
of the most impacted due to naturally occurring geologic processes and land use.  Historic and current accounts show 
that steelhead trout inhabit subbasin streams, while no records document the presence of coho salmon.  High instream 
sediment levels, high summer water temperatures, low canopy cover, simplified salmonid habitat, and limited amount 
of appropriately sized spawning substrate indicate that present conditions in mainstem Rockpile Creek are unsuitable 
for salmonids.   
 
Accordingly, there are abundant opportunities for improvements in watershed stream and habitat conditions.  These 
opportunities include reduction in sediment yield to streams, riparian canopy restoration, improvements to instream 
habitat complexity, such as large woody debris placement, and monitoring stream and fishery responses to these 
treatments.  During project planning and design phases, careful consideration must be made concerning a proposed 
project’s watershed context, and proximity to unstable and erosive terrain.  Additionally, best management practices 
must be followed to minimize erosion and sediment delivery to streams during project implementation.     
 
Current landowners and managers interested and motivated to improve land use and accelerate a return to suitable 
watershed conditions and benefit salmonids are encouraged to do so.  They are encouraged to enlist the aid and support 
of Gualala Basin improvement groups and agency technology, experience, and funding to accomplish these goals. 
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Buckeye Subbasin  

 
Buckeye Creek, Buckeye Subbasin, Gualala Basin, Sonoma County, California 

Introduction 
he Buckeye Subbasin is bounded to the north by the Rockpile Subbasin and to the south by the Wheatfield 
Subbasin. It encompasses 40.3 square miles of private land used primarily for timber production, grazing, and 

small vineyards.  It contains more moderate terrain than the North Fork and Rockpile subbasins.  There are five 
Planning Watershed Areas, 81 streams, ten blue line streams which provide up to ninety miles of habitat.  There are 
three major tributaries in the subbasin; Flat Ridge, Grasshopper, and Osser creeks (Figure 9).  In 2001, CDFG 
inventoried 9.7 miles of Buckeye Creek, providing data for three reaches (Table 15). 

Table 15.  Buckeye Subbasin with estimated anadromy. 

Stream CDFG Survey 
(Y/N) 

Survey Length 
(miles) 

Estimated Anadromous Habitat 
Length (miles) Reach Channel 

Types 
Buckeye Creek Y 9.7 16.0 3 F4, F1 
Flat Ridge Creek N  2.5   
Franchini Creek N  1.8   
Grasshopper Creek N  4.1   
Little Creek N  0.3   
North Fork Buckeye 
Creek N  0.6   

Osser Creek N  5.2   
Porter Creek N  2.4   
Roy Creek N  3.9   
Soda Springs Creek N  1.1   

T 
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Figure 9.  Buckeye Subbasin, Gualala Basin, Sonoma County, California. 

Stream Reach Condition EMDS 
The anadromous reach condition EMDS evaluates the conditions for salmonids in a stream reach based upon water 
temperature, riparian vegetation, stream flow, and in channel characteristics.  Data used by the EMDS system come 
from CDFG stream inventories.  Currently, data exist in the Gualala Basin to evaluate the overall canopy, pool quality, 
pool depth, pool shelter, and embeddedness conditions for salmonids.  EMDS calculations and conclusions are 
pertinent only to the surveyed stream and are based on conditions present at the time of individual survey.   
EMDS stream reach scores were weighted by stream length to obtain overall scores for the tributary surveyed and the 
entire Buckeye Subbasin. One partial survey on one stream may not be representative of the entire subbasin even 
though data were collected on the mainstem of Buckeye Creek.  Weighted average reach conditions on the surveyed 
stream in the Buckeye Subbasin as evaluated by the EMDS are somewhat unsuitable for salmonids (Table 15).   

Table 16.  EMDS anadromous reach condition model results for the Buckeye Subbasin. 

Stream Canopy Pool 
Quality 

Pool 
Depth 

Pool 
Shelter Embeddedness Water 

Temperature 
Buckeye - - -- - U -- 
Buckeye Creek - - -- - U -- 
Key:  +++     Fully Suitable  U   Undetermined   -    Somewhat Unsuitable 

++     Moderately Suitable     - -     Moderately Unsuitable 
+     Somewhat Suitable      - - - Fully Unsuitable 

Analysis of Tributary Recommendations 
CDFG inventoried 9.7 miles on one tributary in the Buckeye Subbasin.  A CDFG biologist selected and ranked 
recommendations for each of the inventoried streams, based upon the results of these standard CDFG habitat 
inventories.  More details about the tributary recommendation process are given in the Gualala Synthesis Section of the 
Watershed Profile (Table 17).   

Table 17.  Ranked tributary recommendations summary in the Buckeye Subbasin based on CDFG stream inventories.   

Stream # of Surveyed 
Stream Miles Bank Roads Canopy Temp Pool Cover 

Spawning 
Gravel 

LDA Livestock Fish 
Passage

Buckeye Creek 9.7  3 4 5 1 2     
Temp = summer water temperatures seem to be above optimum for salmon and steelhead;  Pool = pools are below target values in quantity and/or 
quality;  Cover = escape cover is below target values;  Bank = stream banks are failing and yielding fine sediment into the stream;  Roads = fine 
sediment is entering the stream from the road system;  Canopy = shade canopy is below target values;  Spawning Gravel = spawning gravel is 
deficient in quality and/or quantity;  LDA = large debris accumulations are retaining large amounts of gravel and could need modification;  
Livestock = there is evidence that stock is impacting the stream or riparian area and exclusion should be considered;  Fish Passage = there are 
barriers to fish migration in the stream. 



Gualala Basin 27  Implementation Summary 

 
Further analysis of the Buckeye Subbasin was limited because only one tributary was surveyed; however, the top three 
ranking recommendations for the tributary were collapsed into five different recommendation categories: 
Erosion/Sediment, Riparian/Water Temp, and Instream Habitat (Table 18).   

Table 18.  Top three ranking recommendation categories by number of tributaries in the Buckeye Subbasin. 

Buckeye Subbasin Target Issue: Related Table Categories: Count: 
Erosion / Sediment Bank / Roads 1 
Riparian / Water Temp Canopy / Temp 1 
Instream Habitat Pool / Cover 1 
Gravel / Substrate Spawning Gravel / LDA 0 
Other Livestock / Barrier 0 

 
The equal number of Erosion/Sediment, Riparian/Water Temperature and Instream Habitat Recommendations across 
the Buckeye Subbasin indicates that priority should be given to restoration projects emphasizing sediment reduction, 
re-vegetation of banks, pools, and cover (Figure 10). 
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Figure 10.  Recommendation Categories by stream miles in the Buckeye Subbasin. 

Refugia Areas 
The interdisciplinary team identified and characterized refugia habitat in the Buckeye Subbasin by using expert 
professional judgment and criteria developed for north coast watersheds.  The criteria included measures of watershed 
and stream ecosystem processes, the presence and status of fishery resources, forestry and other land uses, land 
ownership, potential risk from sediment delivery, water quality, and other factors that may affect refugia productivity.  
The team also used results from information processed by EMDS at the stream reach and planning watershed/subbasin 
scales.   
The only complete dataset available in the Buckeye Subbasin was for the one tributary surveyed by CDFG in 2001.   
Salmonid habitat conditions in the Buckeye Subbasin on the one surveyed stream are generally rated as medium 
potential refugia (Table 19).   
 

Table 19.  Tributary salmonid refugia area ratings in the Buckeye Subbasin. 

Refugia Categories*: Other Categories: 
Stream High 

Quality 
High 

Potential 
Medium 
Potential 

Low 
Quality 

Non-
Anadromous 

Critical Contributing 
Area/Function 

Data 
Limited 

Buckeye 
Creek 

  X    X 

*Ratings in this table are done on a sliding scale from best to worst.   
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Buckeye Subbasin Profile:  Responses to Assessment Question Six:  
What watershed and habitat improvement activities would most likely lead toward more desirable 
conditions in a timely, cost effective manner? 

• Consider careful planning of land uses that could exacerbate mass wasting, since the relative potential of 
landsliding is high to very high in 53 percent of the subbasin; 

• Develop erosion control plans for decommissioning old roads, maintaining existing roads, and constructing 
new roads.  Decommission and revegetate streamside roads where feasible, focusing on those associated 
with unsuitable fish habitat conditions such as Little, Franchini, Grasshopper, and Osser creeks; 

• Evaluate the possibility of spreading timber harvesting operations over time and space to avoid concentrated 
road use by heavy equipment and resultant mobilization of road surface fines into watercourses; 

• Maintain and enhance existing riparian cover.  Ensure that adequate streamside protection zones are used on 
Buckeye Creek to reduce solar radiation and moderate air temperatures, particularly on mainstem and upper 
tributaries.  Retain, plant, and protect trees to achieve denser riparian canopy where current canopy is 
inadequate, particularly on the mainstem and Franchini, Grasshopper and Soda creeks; 

• Encourage the addition of large organic debris and shelter structures in order to improve sediment metering, 
channel structure, channel function, habitat complexity, and habitat diversity for salmonids.  The CDFG 
survey found pool shelter to be the most limiting factor in Buckeye Creek.  Instream structure enhancement 
is the first of the top three recommendations; 

• Enhance large woody debris through short and long-term efforts through ongoing large wood placement 
efforts and enhancement of the natural large woody debris recruitment process by developing large riparian 
conifers with tree protection, planting, thinning from below, and other vegetation management techniques; 

• Encourage more habitat inventory surveys and biological surveys of tributaries as only 37 percent of the 
Buckeye Subbasin has been completed; 

• Conduct both instream and hillslope monitoring to determine whether current timber harvest practices are 
allowing for recovery and protection of the salmonid habitat in the subbasin.  Improve baseline information 
on habitat conditions by conducting inventory surveys in major tributaries; 

• Expand continuous temperature monitoring efforts into the upper subbasin and tributaries.  Consider looking 
at canopy composition and monitoring air temperatures to examine canopy, temperature, and other 
microclimate effects on water temperatures. 

Subbasin Conclusions 
The Buckeye Subbasin is characterized by steep gradient tributaries flowing into the mainstem Buckeye Creek, which 
is dominated by bedrock and a relatively narrow floodplain.  The lower subbasin is influenced by the summer coastal 
fog and remains cool; the interior areas beyond the influence of the marine layer become hot and dry during summer. 
Historic and current accounts show that steelhead trout are common in the subbasin, while only one record described 
coho salmon on Franchini Creek in the 1960s.  High instream sediment levels, simplified instream salmonid habitat, 
relatively open canopy cover, and a lack of appropriately sized spawning substrate indicate that present conditions on 
the mainstem of Buckeye Creek are unsuitable for salmonids.  However, air photos indicate instream and near stream 
conditions have improved since 1984 and the trend can be accelerated. 
There are abundant opportunities for improvements in subbasin stream conditions. Improvements to instream 
complexity, such as additional large woody debris, riparian canopy restoration, and water temperature monitoring, are 
examples of opportunities.  The unstable and erosive terrain should be considered prior to project planning and 
implementation and appropriate best management practices should be followed to minimize erosion and sediment 
delivery to streams.  Current landowners and managers interested and motivated to eliminate impacts related to land 
use and accelerate a return to suitable conditions for salmonids are encouraged to do so, enlisting the aid and support 
of Gualala Basin restoration groups, and agency technology, experience, and funding opportunities. 
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Wheatfield Fork Subbasin 

 
Wheatfield Fork near the Boy Scout Camp Gualala Basin, Sonoma County, California 

Introduction 
he Wheatfield Fork Subbasin has 198 streams, twenty blue line streams which provide up to 246 miles of habitat. 
There are ten Planning Watershed Areas which include three CalWater 2.2a SPWSs: Walters Ridge, Hedgepeth 

Lake, and Lower Wheatfield Fork (Figure 11).  Most of the subbasin is privately owned (166 acres of federal land), 
with land uses in timber production, grazing, vineyard, and some rural subdivisions.  CDFG conducted habitat 
inventories on ten streams for a total of 57.7 miles providing data on 28 reaches (Table 20). 
 

Table 20.  Streams with estimated anadromy in the Wheatfield Fork Subbasin.   

Stream 
CDFG 
Survey 
(Y/N) 

Survey 
Length 
(miles) 

Estimated 
Anadromous Habitat 

Length (miles) 
Reach Channel Types 

Allen Creek N  1.0   
Cedar Creek N  2.3   
Danfield Creek Y 2.3 4.3 1 F4 
Fuller Creek Y 3.9 3.9 4 E4, F4,  
Grasshopper Creek N  0.6   
Haupt Creek Y 0.4 4.8 1 F4 
House Creek Y 10.4 11.8 1 F4 
Jim Creek N  0.9   
NF Fuller Creek Y 2.7 2.6 7 F1, B4, A4, E3, E4 
Pepperwood Creek Y 3.4 3.7 1 F4 
SF Fuller Creek Y 4.4 4.0 6 F4, B1, B3, B4,  
Soda Spring Creek N  0.6   
Spanish Creek N  1.0   
Sullivan Creek Y 0.9 1.2 3 E4, E5, B4 
Tombs Creek Y 7.1 8.5 1 B4 
Wheatfield Fork Y 22.2 28.8 3 F4 
Wolf Creek N  3.6   

T 
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Figure 11.  Wheatfield Fork Subbasin, Gualala Basin, Sonoma County, California.   

Stream Reach Condition EMDS 
The anadromous reach condition EMDS evaluates the conditions for salmonids in a stream reach based upon water 
temperature, riparian vegetation, stream flow, and in channel characteristics.  Data used by the EMDS system come 
from CDFG stream inventories.  Currently, data exist in the Gualala Basin to evaluate canopy, pool quality, pool 
depth, pool shelter, and embeddedness conditions for salmonids.  EMDS calculations and conclusions are pertinent 
only to surveyed streams and are based on conditions present at the time of individual survey.   
EMDS stream reach scores were weighted by stream length to obtain overall scores for tributaries and the entire 
Wheatfield Fork Subbasin.  Weighted average reach conditions on surveyed streams in the Wheatfield Fork Subbasin 
as evaluated by the EMDS are somewhat unsuitable for salmonids (Table 21).   
 

Table 21.  EMDS anadromous reach condition model results for the Wheatfield Fork Subbasin. 

Stream Canopy Pool Quality Pool Depth Pool Shelter Embeddedness Water Temperature 
Wheatfield Subbasin -- -- - --- U U 
Danfield Creek --- --- --- --- --  
House Creek --- -- --- U ++  
Pepperwood Creek --- --- --- --- +  
Tombs Creek - -- --- - -  
Wheatfield Fork -- - + --- - --- 

Key:  +++     Fully Suitable  U   Undetermined   -    Somewhat Unsuitable 
++    Moderately Suitable     - -     Moderately Unsuitable  
+     Somewhat Suitable      - - - Fully Unsuitable 

Analysis of Tributary Recommendations 
CDFG inventoried 57.7 miles on ten tributaries in the Wheatfield Fork Subbasin.  In Table 22, a CDFG biologist 
selected and ranked recommendations for each of the inventoried streams, based upon the results of these standard 
CDFG habitat inventories.  More details about the tributary recommendation process are given in the Gualala 
Synthesis Section of the Watershed Profile.   
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Table 22.  Ranked Tributary Recommendations Summary in the Wheatfield Fork Subbasin based on CDFG Stream Inventories.   

Stream # of 
Surveyed 
Stream 
Miles 

Bank Roads Canopy Temp Pool Cover Spawning 
Gravel LDA 

Livestock
Feral Pigs

Fish 
Passage

Danfield Creek 2.3 2  3   4   1  
Fuller Creek 3.4 2 3 1   4     

NF Fuller Creek 2.7   1   2     
SF Fuller Creek 4.4   1   2     

House Creek 10.4 3 2 4   5   1  
Pepperwood Creek 3.4 4  2   3   1  

Sullivan Creek 0.9      1     
Tombs Creek 7.1 2  3   4   1  

Wheatfield Fork 22.1 2 3 4   1     

Temp = summer water temperatures seem to be above optimum for salmon and steelhead;  Pool = pools are below target values in quantity and/or 
quality;  Cover = escape cover is below target values;  Bank = stream banks are failing and yielding fine sediment into the stream;  Roads = fine 
sediment is entering the stream from the road system;  Canopy = shade canopy is below target values;  Spawning Gravel = spawning gravel is 
deficient in quality and/or quantity;  LDA = large debris accumulations are retaining large amounts of gravel and could need modification;  
Livestock = there is evidence that stock is impacting the stream or riparian area and exclusion should be considered;  Fish Passage = there are 
barriers to fish migration in the stream. 
 

In order to further examine Wheatfield Fork Subbasin issues through the tributary recommendations given in CDFG 
stream surveys, the top three ranking recommendations for each tributary were collapsed into five different 
recommendation categories: Instream Habitat, Riparian/Water Temp, Erosion/Sediment, Gravel/Substrate, and Other 
(Table 23).  When examining recommendation categories by number of tributaries, the most important 
recommendation category in the Wheatfield Fork Subbasin is Instream Habitat.  
 

Table 23:  Three ranking recommendation categories by number of tributaries in the Wheatfield Fork Subbasin. 

Wheatfield Fork Subbasin Target Issue: Related Table Categories: Count: 
Instream Habitat Pool / Cover 14 
Riparian / Water Temp Canopy / Temp 12 
Erosion / Sediment Bank / Roads 9 
Gravel / Substrate Spawning Gravel / LDA 7 
Other Livestock / Barrier 6 

 
However, comparing recommendation categories in the Wheatfield Fork Subbasin by number of tributaries could be 
confounded by the differences in the number of stream miles surveyed on each tributary.  Therefore, the number of 
stream miles in each subbasin assigned to the various recommendation categories was calculated (Figure 12).  When 
examining recommendation categories by number of stream miles, the most important recommendation categories in 
the Wheatfield Fork Subbasin are Instream Habitat, Erosion/Sediment, and Riparian/Water Temperature.  
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Figure 12.  Recommendation categories by stream miles in the Wheatfield Fork Subbasin. 
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The high number of Instream Habitat, Erosion/Sediment Riparian/Water Temp Recommendations and Other (feral 
pigs and livestock) across the Wheatfield Fork Subbasin indicates that high priority should be given to restoration 
projects emphasizing pools, shelter cover, sediment reduction, riparian re-planting, and control of stock access to 
streams. 

Refugia Areas 
The interdisciplinary team identified and characterized refugia habitat in the Wheatfield Fork Subbasin by using expert 
professional judgment and criteria developed for north coast watersheds.  The criteria included measures of watershed 
and stream ecosystem processes, the presence and status of fishery resources, forestry and other land uses, land 
ownership, potential risk from sediment delivery, water quality, and other factors that may affect refugia productivity.  
The team also used results from information processed by EMDS at the stream reach and planning watershed/subbasin 
scales.  The most complete data available in the Wheatfield Fork Subbasin were for tributaries surveyed by CDFG.  
However, many of these tributaries were still lacking data for some factors considered by the team.  Salmonid habitat 
conditions in the Wheatfield Fork Subbasin on surveyed streams are mixed (Table 24).  Four tributaries are rated as 
high potential, House Creek is rated as medium potential, and five tributaries are rated as low quality.  Additionally, 
the Wheatfield Fork serves as a critical contributing area.   
 

Table 24.  Tributary salmonid refugia area ratings in the Wheatfield Fork Subbasin. 

Refugia Categories*: Other Categories: 

Stream High 
Quality 

High 
Potential 

Medium 
Potential 

Low 
Quality 

Non-
Anadromous 

Critical 
Contributing 
Area/Function 

Data 
Limited 

Danfield Creek    X   X 
Fuller Creek  X     X 
NF Fuller Creek  X     X 
SF Fuller Creek  X     X 
House Creek   X    X 
Pepperwood Creek    X   X 
Sullivan Creek  X     X 
Tombs Creek    X   X 
Haupt Creek    X   X 
Wheatfield Fork    X  X X 

*Ratings in this table are done on a sliding scale from best to worst.   

Wheatfield Fork Subbasin Profile:  Responses to Assessment Question Six:  
What watershed and habitat improvement activities would most likely lead toward more desirable 
conditions in a timely, cost effective manner? 

• Landowners should develop erosion control plans for decommissioning old roads, maintaining existing 
roads, and constructing new roads.  Target road upgrade and repair in the areas identified above; 

• Incorporate mitigation elements into Timber Harvest Plans in the timber dominant Lower Wheatfield SPWS 
to decommission historical streamside roads and upgrade road drainage facilities; 

• Consider careful planning of land uses that could exacerbate mass wasting, since the relative potential of 
landsliding is high to very high in 60 percent of the subbasin; 

• Decommission and revegetate streamside roads, focusing on those where channel braiding and/or 
aggradation are present; 

• Pursue cost sharing grants to upgrade appurtenant ranch roads in the Walters Ridge and Hedgepeth Lake 
SPWSs; 

• Reduce livestock and feral pig entry and subsequent impacts to the riparian zone to encourage stabilization 
of stream banks and re-vegetation of the riparian zone.  These impacts are most common in Danfield, House, 
Pepperwood and Tombs creeks; 

• Retain, plant, and protect trees to achieve denser riparian canopy cover where current canopy is inadequate. 
Ensure that adequate streamside protection zones are used on the Wheatfield Fork and tributaries to reduce 
solar radiation and moderate air temperatures, particularly on the mainstem and upper tributaries; 
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• Encourage the addition of large organic debris and shelter structures in order to improve sediment metering, 
channel structure, channel function, habitat complexity, and habitat diversity for salmonids;  

• Encourage more habitat inventory surveys and biological surveys of tributaries, as only 45 percent of the 
subbasin has been completed; 

• Evaluate canopy composition and monitor air temperatures to examine canopy, temperature, and other 
microclimate effects on water temperatures; 

• Conduct both instream and hillslope monitoring to determine whether current land use practices are allowing 
for recovery and protection of the salmonid habitat in the subbasin;  

• Expand continuous temperature monitoring efforts into the upper subbasin and tributaries. 

Subbasin Conclusions 
The Wheatfield Fork Subbasin is characterized by steep tributaries flowing into the mainstem Wheatfield Fork, which 
is dominated by bedrock and a relatively narrow floodplain.  Large areas of active earthflows and other forms of 
landsliding are abundant and contribute sediment directly into subbasin streams.  These relatively high sediment levels 
can be attributed to both natural and human land use disturbances.  For example, road building adjacent to stream 
channels or across debris slide slopes and/or steep terrain has also contributed sediment to streams.   
Historic and current accounts show that steelhead trout inhabit the subbasin, while only one record described coho 
salmon on Haupt Creek in the 1960s.  Relatively high instream sediment levels, simplified salmonid habitat, low levels 
of instream woody debris, open canopy cover, and a lack of appropriately sized spawning substrate indicate that 
present conditions are unsuitable for salmonids.  Nonetheless, air photos indicate instream and near stream conditions 
have improved since 1984. 
There are abundant opportunities for improvements in watershed stream conditions. Control measures for access to 
streams by livestock and feral pigs, improvements to instream complexity, such as additional large woody debris, 
increased riparian canopy density, and monitoring physical and biological responses to these treatments, are examples 
of appropriate treatments.  During project planning and design, careful consideration of the watershed context and the 
proposed site’s proximity to unstable and erosive terrain must be made.  During project implementation, appropriate 
best management practices should be followed to minimize soil disturbance and potential sediment delivery to streams.   
Current landowners and managers interested and motivated to eliminate impacts related to land use and accelerate a 
return to suitable conditions for salmonids are encouraged to do so, enlisting the aid and support of Gualala restoration 
groups and agency technology, experience, and funding opportunities. 
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Mainstem-South Fork Subbasin 

 
Marshall Creek, inland Mainstem-South Fork, Gualala Basin, Sonoma County, California 

Introduction 
he Gualala Mainstem/South Fork Subbasin is a 63.7 square mile watershed. There are six planning Watershed 
Areas, 94 streams, and nineteen USGS blue line streams which provide up to 134 miles of habitat (Figure 13).  

The river system originates in the southern end of the Gualala Basin and flows north as an alluvial stream along the 
San Andreas Fault to meet the North Fork Gualala.  From that point to the ocean, the stream is considered the Gualala 
River mainstem.  The upper reaches flow from steeper terrain outside the San Andreas Fault zone.  About 50 percent 
of the subbasin is categorized as high to very high landslide potential.  Nearly the entire subbasin is privately owned, 
with only15 federally owned acres and 38 state owned acres.  Predominant land uses are timber production, grazing, 
and small vineyards.  CDFG conducted habitat inventory surveys on seven streams and collected data for 8.4 survey 
miles (Table 25). 
 

Table 25.  Streams with estimated anadromy in the Mainstem-South Fork Subbasin.   

Stream 
CDFG 
Survey 
(Y/N) 

Survey 
Length 
(miles) 

Estimated 
Anadromous Habitat 

Length (miles) 
Reach Channel 

Type 

Camper Creek Y 0.7 0.7 1 G4 
Carson Creek Y 1.3 1.3 1 B4 
Marshall Creek Y 1.6 35.7 1 F4 
McKenzie Creek Y 2.6 2.6 1 B3 
Palmer Canyon Creek Y 0.1 0.5 1 B4 
South Fork Y 1.6 35.7 1 F4 
Sproule Creek N  1.3   
Wild Cattle Canyon Creek N  1.4   
Wild Hog Canyon Creek Y 0.5 0.8 1  

 

T 
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Figure 13.  Mainstem-South Fork Subbasin, Gualala Basin, Sonoma County, California.   

Stream Reach Condition EMDS 
The anadromous reach condition EMDS evaluates the conditions for salmonids in a stream reach based upon water 
temperature, riparian vegetation, stream flow, and in channel characteristics.  Data used by the EMDS system come 
from CDFG stream inventories.  Currently, data exist in the Gualala Basin to evaluate the overall reach, canopy, in 
channel, pool quality, pool depth, pool shelter, and embeddedness conditions for salmonids.  EMDS calculations and 
conclusions are pertinent only to surveyed streams and are based on conditions present at the time of survey.   
EMDS stream reach scores were weighted by stream length to obtain overall scores for subbasin tributaries.  Weighted 
average reach conditions on surveyed streams in the subbasin as evaluated by the EMDS are somewhat unsuitable for 
salmonids (Table 26).   
 

Table 26:  EMDS anadromous reach condition model results for the Mainstem-South Fork Subbasin 

Stream Canopy Pool 
Quality 

Pool 
Depth 

Pool 
Shelter Embeddedness Water 

Temperature 
Mainstem-South Fork Subbasin + -- - --- +  
Camper Creek ++ - --- -- --  
Carson Creek +++ -- - --- --  

Marshall Creek -- -- - ---  
+  

McKenzie Creek + - - -- - + 
Palmer Canyon ++ --- --- --- + --- 
Upper South Fork +++ --- --- --- ++ +++ 
Wild Hog Creek + --- --- --- -  

Key:  +++     Fully Suitable  U   Undetermined   -    Somewhat Unsuitable 
++     Moderately Suitable     - -    Moderately Unsuitable 
+     Somewhat Suitable      - - -Fully Unsuitable 

Analysis of Tributary Recommendations 
CDFG inventoried 8.4 miles on seven tributaries in the Mainstem-South Fork Subbasin (Table 27).  A CDFG biologist 
selected and ranked recommendations for each of the inventoried streams, based upon the results of these standard 
CDFG habitat inventories.  More details about the tributary recommendation process are given in the Gualala 
Synthesis Section of the Watershed Profile.   
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Table 27:  Ranked Tributary Recommendations Summary in the Mainstem-South Fork Subbasin based on CDFG Stream Inventories.   

Stream # of 
Surveyed 
Stream 
Miles 

Bank Roads Canopy Temp Pool Cover Spawning 
Gravel LDA 

Livestock
Feral Pigs

Fish Passage

Camper Creek 0.7  2    1     
Carson Creek 1.3  2   3 1 4    
Marshall Creek 1.6 3 4 1   2   5  
McKenzie Creek 2.6  2    1    3 
Palmer Canyon 0.1  3 2       1 
Upper South Fork 1.6  3 2   1     
Wild Hog Creek 0.5   2   1     

Temp = summer water temperatures seem to be above optimum for salmon and steelhead;  Pool = pools are below target values in quantity and/or 
quality;  Cover = escape cover is below target values;  Bank = stream banks are failing and yielding fine sediment into the stream;  Roads = fine 
sediment is entering the stream from the road system;  Canopy = shade canopy is below target values;  Spawning Gravel = spawning gravel is deficient 
in quality and/or quantity;  LDA = large debris accumulations are retaining large amounts of gravel and could need modification;  Livestock = there is 
evidence that stock is impacting the stream or riparian area and exclusion should be considered;  Fish Passage = there are barriers to fish migration in 
the stream. 

 
In order to further examine Mainstem-South Fork Subbasin issues through the tributary recommendations given in 
CDFG stream surveys, the top three ranking recommendations for each tributary were collapsed into five different 
recommendation categories: Instream Habitat, Riparian/Water Temp, Erosion/Sediment, Other, and Gravel/Substrate 
(Table 28).  When examining recommendation categories by number of tributaries, the most important 
recommendation category in the Mainstem-South Fork Subbasin is Instream Habitat.  
 

Table 28:  Three ranking recommendation categories by number of tributaries in the Mainstem-South Fork Subbasin. 

Mainstem-South Fork  Subbasin Target Issue: Related Table Categories: Count: 
Instream Habitat Pool / Cover 11 
Riparian / Water Temp Canopy / Temp 9 
Erosion / Sediment Bank / Roads 8 
Other Livestock / Barrier 2 
Gravel / Substrate Spawning Gravel / LDA 1 

 
However, comparing recommendation categories in the Mainstem-South Fork Subbasin by number of tributaries could 
be confounded by the differences in the number of stream miles surveyed on each tributary.  Therefore, the number of 
stream miles in each subbasin assigned to the various recommendation categories was calculated (Figure 14).  When 
examining recommendation categories by number of stream miles, the most important recommendation categories in 
the Mainstem-South Fork Subbasin are Erosion/Sediment Instream Habitat, and Riparian/Water Temperature. 
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Figure 14.  Recommendation categories by stream miles in the Mainstem-South Fork Subbasin. 
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The high number of Erosion/Sediment and Instream Habitat Recommendations across the Mainstem-South Fork 
Subbasin indicates that high priority should be given to restoration projects emphasizing sediment reduction, pools, 
and cover. 

Refugia Areas 
The interdisciplinary team identified and characterized refugia habitat in the Mainstem-South Fork Subbasin by using 
expert professional judgment and criteria developed for north coast watersheds.  The criteria included measures of 
watershed and stream ecosystem processes,  the presence and status of fishery resources, forestry and other land uses, 
land ownership, potential risk from sediment delivery, water quality, and other factors that may affect refugia 
productivity.  The team also used results from information processed by EMDS at the stream reach and planning 
watershed/subbasin scales.   
The most complete data available in the Mainstem-South Fork Subbasin were for tributaries surveyed by CDFG.  
However, many of these tributaries were still lacking data for some factors considered by the team.  Salmonid habitat 
conditions in the Mainstem-South Fork Subbasin on surveyed streams are generally rated as medium quality potential 
refugia (Table 29). 
 

Table 29.  Tributary salmonid refugia area ratings in the Mainstem-South Fork Subbasin. 

Refugia Categories*: Other Categories: 

Stream High 
Quality 

High 
Potential 

Medium 
Potential 

Low 
Quality 

Non-
Anadromous 

Critical 
Contributing 

Area/Function 

Data 
Limited 

Camper Creek    X    X 
Carson Creek    X    X 
Upper South Fork    X    X 
Marshall Creek    X    X 
McKenzie Creek   X    X 
Palmer Canyon 
Creek     X    X 

Wild Hog Canyon 
Creek     X    X 

*Ratings in this table are done on a sliding scale from best to worst.   

Mainstem-South Fork Subbasin Profile:  Responses to Assessment Question Six:  
What watershed and habitat improvement activities would most likely lead toward more desirable 
conditions in a timely, cost effective manner? 

• Consider migration barrier removal in Palmer Canyon and McKenzie creeks; 
• Consider careful planning of land uses that could exacerbate mass wasting, since the relative potential of 

landsliding is high to very high in 50 percent of the subbasin; 
• Decommission and revegetate streamside roads, focusing on those where channel braiding and/or 

aggradation are persistent today, such as the central and upper reaches of McKenzie Creek, and the lower 
reaches of Marshall, Palmer Canyon, and Wild Hog creeks;  

• Continue to incorporate mitigation elements into Timber Harvest Plans for decommissioning legacy 
streamside roads and upgrading road drainage facilities in the lower subbasin, including Little and Big 
Pepperwood creeks; 

• At stream bank erosion sites, encourage cooperative efforts to reduce sediment yield to streams; 
• Reduce livestock and feral pig access and subsequent impacts to the riparian zone to encourage stabilization 

of stream banks and re-vegetation.  This problem is most common on Marshall Creek; 
• Improvement of riparian canopy is the third priority restoration recommendation.  Ensure that adequate 

streamside protection zones are used to reduce solar radiation and moderate air temperatures; 
• Retain, plant, and protect trees to achieve denser riparian canopy cover where current canopy is inadequate, 

particularly in the Upper South Fork and its tributaries, McKenzie, Wild Hog, and Palmer Canyon creeks; 
• Encourage the addition of large organic debris and shelter structures in order to improve sediment metering, 

channel structure, channel function, habitat complexity, and habitat diversity for salmonids;  
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• Conduct both instream and hillslope monitoring to determine whether current land use practices are allowing 
for recovery and protection of the salmonid habitat in the subbasin.  Improve baseline information on habitat 
conditions by conducting inventory surveys in the South Fork and major tributaries upstream of the 
confluence with the Wheatfield Fork; 

• Encourage more habitat inventory surveys and biological surveys of tributaries as only 31 percent of the 
subbasin has been completed; 

• Expand continuous temperature monitoring efforts into the upper subbasin and tributaries.  Consider canopy 
composition, air and water temperature monitoring to examine canopy, temperature, and other microclimate 
effects on water temperatures. 

Subbasin Conclusions 
The Mainstem-South Fork Subbasin is characterized by a confined narrow valley thought to have been formed by the 
San Andreas Fault.  This valley contains the twelve-mile long flood plain of the South Fork Gualala River.  The entire 
subbasin is near the coast and influenced by summer fog.  About half of the subbasin has high to very high potential 
for landsliding, and landslides represent a major source for stream sediment.  The limited data available also show that 
historically logged areas have contributed sediment to the streams.   
Historic and current accounts show that coho salmon and steelhead trout inhabit the subbasin.  Although relatively 
high instream sediment levels, simplified salmonid habitat, and a lack of appropriately sized spawning substrate are 
observed in the subbasin, available data and air photos indicate that present conditions are suitable for salmonids and 
instream and near stream conditions have improved since 1984. 
The salmonid populations are thought to be currently constrained by a lack of instream complexity, such as that 
formed by in-channel large woody debris.  Elevated water temperatures found along the South Fork mainstem are 
exacerbated by low canopy cover in some locations.  Elevated levels of sediment yield are thought to contribute to 
some negative stream impacts.  The unstable and erosive terrain should be considered during project planning and 
design.  Caution and appropriate best management practices should be followed during implementation to minimize 
erosion and sediment delivery to streams.   
Current landowners and managers interested and motivated to improve watershed conditions and re-establish suitable 
conditions for salmonids are encouraged to do so through improved land use practices.  They are encouraged to enlist 
the aid and support of Gualala Basin restoration groups and agency technology, experience, and funding opportunities. 
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Gualala Basin in the Regional Context 
Introduction 

ithin the context of the North Coast, the Gualala River Basin is unique in many ways.  Over the past 5-20 
million years, much of the region was uplifted.  A long history of movement along the San Andreas and Tombs 

Creek faults has been a dominant force in shaping the watershed.  The Gualala system concurrently evolved as the 
bedrock was uplifted, crushed, and redistributed along active faults.  A rainfall/runoff hydrology predominates with 
minimal snow accumulation.  Detention time and time of concentration of rainfall are reduced by steep slopes and high 
rainfall accumulations, causing stream levels to rise quickly in response to rainfall.  The unstable bedrock and soil 
conditions combined with concentrated rainfall, high regional uplift rates, and very active seismicity produce 
widespread, naturally occurring landsliding with associated large volumes of sediment delivered to streams.  Sediment 
can be transported by high gradient reaches but settles in the very low gradient flood plains of the North, Little North, 
Wheatfield, and South forks. 
The total Gualala Basin resident population for the year 2000 census was approximately 2,700 people.  The population 
increases seasonally increase due to tourism on weekends and in the summer months.  Both Gualala and Annapolis are 
about an hour drive time to Santa Rosa, the closest urbanized area.  Historic economics were based upon fishing, 
forestry and ranching.  The current economy has been more reliant on tourism and viticulture with forestry and 
ranching providing less employment opportunities than in the past.    
Fishery resources of the Gualala Basin include winter-run steelhead trout.  The coho salmon and steelhead trout have 
been traditionally important as food and recreation resources to local residents and visitors.   

Summary of Subbasin Conditions and Recommendations  
Based on six assessment questions, salmonid habitat in the Gualala Basin was found to have low, medium and high 
potential to serve as refugia for coho salmon and steelhead trout (Table 30).   

Table 30:  Subbasin salmonid refugia area ratings in the Gualala Basin. 

Refugia Categories:                       Other Categories: 

Subbasin High 
Quality 

High 
Potential 

Medium 
Potential 

Low 
Quality 

Non-
Anadromous 

Critical 
Contributing 

Area/Function 

Data 
Limited 

North Fork    X  (N=10)    X 
Rockpile             (N=1)  X   X 
Buckeye        (N=1) X    X 
Wheatfield  Fork                    (N=10) X   X X 
South Fork          (N=7) X    X 

*Ratings are done on a sliding scale from best to worst.  Subbasin refugia ratings are aggregated from their tributary ratings.  Relative rating is indicated           
by an X; N = number of streams surveyed in the subbasin.  Distances surveyed weight ratings; refer to the subbasin sections for surveyed distances. 

Salmonid Populations 
The assessment of salmonid populations found that:  

• The Gualala Basin historically supported relatively robust populations of coho salmon and steelhead trout; 
• Recent biological stream surveys indicate the presence of  steelhead trout in all five Gualala subbasins and 

the presence of a few young-of-the-year coho salmon in the North Fork subbasin; 
• There are no credible estimates of subbasin or tributary specific population abundance levels of coho 

salmon, and two years of population data from the mid 1970s exist for steelhead trout;   
• Gualala basin-wide salmonid population estimates indicate possible extirpation of coho salmon and probably 

depressed metapopulations of steelhead trout; 
• Instream sedimentation in several stream reaches throughout the basin may be approaching  or exceeding 

levels considered suitable for salmonid populations;   
• High summer water temperatures in some surveyed tributaries are deleterious to summer rearing salmonid 

populations in inland areas of the North Fork, Rockpile, Buckeye Wheatfield and South Fork subbasins; 

W 
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• In general, pool habitat, escape and ambush cover, and water depth are unsuitable for salmonids in most 
mainstem and tributary stream reaches in the Gualala Basin.  Large woody debris recruitment potential is 
poor in the all of the subbasins. Instream habitat improvement is the top recommendation category in all 
subbasins; 

• Available data from sampled streams suggest that all subbasins have limited suitable, high quality spawning 
gravel for salmonids; 

• Salmonid habitat conditions in the Gualala Basin are generally best in the North Fork Subbasin and the 
headwaters of the Mainstem-South Fork, mixed in the Wheatfield Fork and Buckeye subbasins, and most 
impacted in the Rockpile Subbasin.   

Tables 31 and 32 were based largely on Habitat Inventory Surveys and do not include entire subbasin stream systems. 
Consequently, the designations below are applicable only to the sections of stream that were inventoried. 
 

Table 31.  Summary of Gualala subbasins stream and basin conditions. 

Identified Conditions North Fork 
Subbasin 

Rockpile 
Subbasin 

Buckeye 
Subbasin 

Wheatfield 
Fork 

Subbasin 

Mainstem-
South Fork 
Subbasin 

In-Stream Sediment ~/R ~/R ~/R -/R R 
Water Temperature ~ - - - ~ 
Pools - - - - - 
Flow ~ ~ ~ ~ ~ 
Escape Cover - - - - - 
Fish Passage Barriers ~ ~ ~ ~ ~ 
Natural Sediment 
Sources ~ - ~ + + 

Management-Related 
Sediment Sources ~ - + ~ ~ 
+      Condition is favorable for anadromous salmonids 
-      Condition is not favorable for anadromous salmonids 
~      Condition is mixed or indeterminate for anadromous salmonids 
R      Trend indicates improved conditions 1984-2000 
 

Table 32.  Summary of recommended actions. 

Recommended 
Improvement Activity 

Focus Areas 

North Fork 
Subbasin 

Rockpile 
Subbasin 

Buckeye 
Subbasin 

Wheatfield 
Fork 

Subbasin 

Mainstem-
South Fork 
Subbasin 

Flow  ND ND ND X 
Erosion/Sediment  X X X X 
Riparian/Water 
Temperature X X X  X 

Instream Habitat X X X X X 
Gravel/Substrate   X X X 
Fish Passage Barriers    X X 
X      Recommended improvement activity focus areas 
ND   Data Limited 

Geology 
• The Coast Ranges in general and the Gualala Basin in particular are areas of naturally high background 

levels of landslide activity due to climate, steep slopes, weak rock, high rainfall, seismic shaking, and uplift. 
Natural disturbances such as large storms, earthquakes, and fires trigger for episodes of widespread 
landsliding.  Stream sedimentation trends fluctuate with the episodic recurrence of these natural 
disturbances; 

• The large portions of the river flow along the San Andreas Fault Zone.  Damage from the 1906 San 
Francisco earthquake was reported to include landslides from heavily timbered slopes that entered the river 
from both sides of the valley; 
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• Certain land use activities have accelerated erosion into the river.  Between 1950 and 1970, many timbered 
areas were clear-cut.  Tractors were operated on steep, erosion prone slopes.  Erosion and landsliding during 
the winters of those years appeared excessive compared to that of similar winters as seen in earlier photos.  
Widespread erosion of logging roads and landings was noted in aerial photos taken in 1965.  CDF reports 
from that period described logging related erosion.  More recent reports show that some of the roads in the 
basin are still eroding periodically; 

• The intensity and the extent of timber harvest are lower in recent decades as compared to the 1950-1970 
periods.  The degree of related erosion also has decreased.  Further analysis is needed to determine to what 
extent recent land use related erosion is either retarding recovery or is detrimental to salmon habitat 
conditions.  Re-growth of the timber stands and riparian areas indicates some degree of recovery throughout 
the basin. Between 1984 and 1999/2000, sediment loads have declined substantially, indicating some 
recovery.  Since 1984, the total erosion from upslope areas has not resulted in a net increase of 
sedimentation within the majority of the tributaries to a degree discernable from the 1999/2000 aerial photos; 

• Future disturbances can variably aid or impede stream channel recovery.  This natural variability and 
uncertainty makes prediction of the effects of current land use speculative.  However modified practices and 
erosion control (such as those recommended in this summary) in those areas identified and mapped as 
geologically unstable can reduce the degree to which land use related erosion may impact stream 
sedimentation and recovery. 

Vegetation 
The assessment of vegetation found that:  

• Historic timber harvesting and streamside road construction reduced riparian canopy and increased direct 
sediment inputs and water temperature.  Overall, the current landscape is comprised of smaller diameter 
forest stands than in pre-European times;  

• Large woody debris recruitment potential is currently limited by the low percentage of near-stream forest 
stands containing trees in large diameter classes, but the situation should improve with the current forest 
management scenario. 

Land Use Impacts 
The assessment of land use found that:  

• Land use, including road construction and use, timber harvesting, and grazing, has added excess sediment to 
the fluvial system.  Many of the effects from these activities are spatially and temporally removed from their 
upland sources; 

• Currently, roads are a major land use contributor of sediment.  Large storms or other catastrophic events 
combined with poor road location and construction practices have the potential to deliver large and adverse 
amounts of sediment into stream systems; 

• Vineyard conversions are becoming common;  
• Grazing is an issue in some areas throughout the basin.  Feral pig and stock impacts to streams are common 

in the Wheatfield Fork and Mainstem-South Fork.  Watercourse exclusionary fencing is limited. 

Limiting Factors Analysis General Conclusions 
Based on available information for the Gualala Basin, salmonid populations in general are currently being affected in 
various locations by:  

• General basin-wide lack of instream habitat complexity; 
• Instream sediment conditions in some areas; 
• High summer water temperatures in the mainstem and larger, major tributaries; 
• Reduced basin-wide coho salmon and steelhead trout populations relative to those observed in the 1960s. 
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Summarized Recommendations (from page nine above):  
Flow and Water Quality Improvement Activities: 

• Continue stream flow gage maintenance for long-term flow studies; 
• Reductions in sediment delivery and deposition, as well as improved riparian canopy; density and diversity 

as presented in recommendations below, should improve water quality conditions for salmonids 
• CDFG stream surveys encountered extended dry reaches in some streams during summer surveys.  These 

areas should be further investigated to determine if water conservation measures would lead to 
improvements in flow during dry periods. 

Erosion and Sediment Delivery Reduction Activities: 
• Continue efforts such as road assessments, storm proofing, improvements, and decommissioning throughout 

the watershed to reduce sediment delivery to the Gualala River and its tributaries; 
• Evaluate and address sediment sources such as bank erosion, road erosion, gullies, road/stream crossing 

failures, skid trails, and erosion features associated with timber harvest through efforts such as road 
assessments, storm proofing and road decommissioning, etc.  Some historically active sediment sites are 
identified on Plate 3, “Potential Restoration Sites and Habitat Limiting Factors for the Gualala Basin” in the 
CGS Appendix 2. 

Riparian and Habitat Improvement Activities: 
• Maintain and enhance existing riparian density and diversity.  Where current canopy is inadequate and site 

conditions are appropriate, initiate tree planting and other vegetation management to hasten the development 
of denser, more extensive and diverse riparian canopy; 

• The natural large woody debris recruitment process should be enhanced by developing large riparian 
conifers with tree protection, planting, thinning from below, and other vegetation management techniques. 
Artificial regeneration and vegetation management efforts should be targeted in the eastern reaches of the 
watershed, since riparian canopy has improved during the last 40 years in the lower and middle watershed 
reaches; 

• Land managers should work to add more large organic debris and shelter structures to streams in order to 
improve sediment metering, channel structure, channel function, habitat complexity, and habitat diversity for 
salmonids. Pool depth and shelter consistently were limiting; 

• Ensure that stream reaches with high quality habitat are protected from degradation. The best stream 
conditions as evaluated by the stream reach EMDS and identified as potential refugia were found in the 
North Fork and Little North Fork; 

• Reduce livestock and feral pig access and subsequent impacts to the riparian zone to encourage stabilization 
of stream banks and re-vegetation of the riparian zone. 

Supplemental Fish Rescue and Rearing Activities: 
• Evaluate fish rescue activities on Doty Creek and continue only if deemed appropriate. 

Education, Research, and Monitoring Activities: 
• Encourage continuation and expansion of in-channel monitoring; 
• Expand the aerial photo interpretation of channel characteristics to include pre-1984 conditions. This will 

provide a better idea of the trajectory of improving conditions; 
• Ground-truth the aerial photo interpretation of channel characteristics to compare to actual habitat conditions 

and fine-tune the analytical techniques for trend comparisons; 
• Expand continuous air and water temperature monitoring into locations in the eastern portion of the 

watershed to help explain warmer water temperatures in those areas; 
• Conduct canopy density and diversity sampling to enhance the water temperature data and facilitate 

modeling. 

Advantages 
The Gualala Basin has several advantages for planning and implementing successful salmonid habitat improvement 
activities that include:  
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• An active restoration community made up of skilled and experienced individuals.  This community is 
composed of several natural resources agencies, Gualala landowners, and watershed groups.  This broad 
base provides a common forum for different points of view and interests concerning the watershed and 
fisheries within the basin; 

• An expanding group of cooperative landowners from all subbasins in the Gualala.  The effect of this 
growing cooperative land-base is the ability to choose locations for projects where the best result can be 
achieved in the shortest period of time.  This accelerates the overall effectiveness of the watershed 
improvement program; 

• Several watersheds and streams are now well into recovery and should respond well to continued 
stewardship and improvement treatments;   

• This Gualala Basin Assessment Implementation Summary and its related Synthesis Report containing 
findings, conclusions, and recommendations for improvement opportunities.  These reports provide focus 
from the basin scale, through the subbasin scale and down to the level of specific tributary assessments.  
With this tool to focus project design efforts, local landowners and restoration groups can pursue the mutual 
development of site specific improvement projects and larger long-term programs on an adaptive basis; 

• A population of steelhead.  Although depressed from historic levels there remain local stocks that can take 
advantage of improved conditions.  Over time, barring overwhelming outside impacts, the stocks should 
grow in response to watershed efforts; 

• The Gualala River Watershed Council, through funding from Clean Water Act grants, is well into 
developing a GIS system and monitoring program that facilitate restoration planning and the documentation 
of projects and their success.  Its USEPA-approved Quality Assurance Project Plan is exemplary and forms 
the basis for collection of meaningful and significant information; 

• The North Coast Regional Water Quality Control Board’s sediment TMDL for the Gualala River watershed 
corroborates the need for erosion control, and its implementation includes grant funding opportunities and 
collaborative activities with the Regional Water Board. 

Challenges 
The Gualala Basin also has some challenges confronting efforts to improve watershed and fish habitat conditions, and 
increase anadromous fish populations:  

• Not all landowners are interested in salmonid habitat improvement efforts.  Without a watershed wide 
cooperative land-base, treatment options are limited.  In some cases, this can remove some key areas from 
consideration of project development; 

• Movement along the San Andreas Fault coupled with high natural erosion rates will always be a part of the 
Gualala landscape.  These high background erosion thresholds makes the need to reduce human induced 
erosion to as close to zero as possible an imperative;  

• Summer and early fall water resources are limited in some parts of the inland subbasins.  The instream 
habitat conditions in that subbasin are of no use to fish without water in the streams.  As human water use 
intensifies, the loss of critical fish stocks will continue and compromise other fishery improvement efforts. 

Conclusion 
The degree to which a river system reacts in a responsive manner to management improvements and restoration efforts 
is a function of existing watershed conditions, trends, and watershed processes.  In addition, the status of processes 
influencing watershed conditions will affect the success of watershed improvement activities.  A good knowledge base 
of these current watershed conditions and processes is essential in planning successful watershed improvement.  
Acquiring this knowledge requires property access.  Access is also needed to design, implement, monitor, and evaluate 
suitable improvement projects.  This systematic and iterative process is dependent upon the cooperative attitude of 
resource agencies, watershed groups and individuals, and landowners and managers.   
The Gualala assessment has considered a great deal of available information regarding watershed conditions and 
processes in the Gualala Basin.  This long and detailed assessment and analysis process has identified problems and 
made recommendations to address these problems while considering the advantages and challenges of conducting 
watershed improvement programs in the Gualala Basin.   



Gualala Basin 44  Implementation Summary 

After considering these problems, recommendations, advantages and challenges, the Gualala Basin appears to be a 
candidate for a successful long-term programmatic watershed improvement effort.  According to the current refugia 
analysis, the Gualala Basin has low to medium potential refugia in the basin.  Reaching improvement goals is 
dependent upon the formation of a well-organized and thoughtful program founded on a broad based community 
commitment to active watershed stewardship.  The energy and opportunity appears to be present and underway in 
many parts of the basin.  If these efforts are pursued vigorously and patiently, one day the Gualala could once again be 
known as “where the waters flow down” and be home to both a healthy fishery resource and a healthy watershed-based 
community in a uniquely diverse and beautiful area. 

Recommendation and Refugia Determination Methods 
Tributary Recommendations Analysis 
The California Department of Fish and Game (CDFG) inventoried 28 tributaries to the Gualala River and the 
headwaters of the Gualala from 1995 to 2001 using protocols in the California Salmonid Stream Habitat Restoration 
Manual (Flosi et al. 1998).  The tributaries and the headwaters of the Gualala River surveyed were composed of 51 
stream reaches, defined as Rosgen channel types.  The stream inventories are a combination of several stream reach 
surveys:  habitat typing, channel typing, biological assessments, and in some reaches LWD and riparian zone 
recruitment assessments.  An experienced biologist and/or habitat specialist conducted QA/QC on field crews and 
collected data, performed data analysis, and determined general areas of habitat deficiency based upon the analysis and 
synthesis of information.   
The CDFG biologist selected and ranked recommendations for each of the inventoried streams, based upon the results 
of these standard CDFG habitat inventories, and updated the recommendations with the results of the stream reach 
condition EMDS and the refugia analysis (Table 33).  It is important to understand that these selections are made from 
stream reach conditions that were observed at the times of the surveys and do not include upslope watershed 
observations other than those that could be made from the streambed.  They also reflect a single point in time and do 
not anticipate future conditions.  However, these general recommendation categories have proven to be useful as the 
basis for specific project development, and provide focus for on-the-ground project design and implementation.  Bear 
in mind that stream and watershed conditions change over time and periodic survey updates and field verification are 
necessary if watershed improvement projects are being considered.  
 

Table 33.  List of tributary recommendations in stream tributary reports. 

Recommendation Explanation 
Temp  Summer Water Temperatures Were Measured To Be Above Optimum For Salmon And Steelhead 
Pool  Pools Are Below Target Values In Quantity And/Or Quality 
Cover  Escape Cover Is Below Target Values  
Bank  Stream Banks Are Failing And Yielding Fine Sediment Into The Stream 
Roads  Fine Sediment Is Entering The Stream From The Road System 
Canopy  Shade Canopy Is Below Target Values 
Spawning Gravel  Spawning Gravel Is Deficient In Quality And/Or Quantity 
LDA  Large Debris Accumulations Are Retaining Large Amounts Of Gravel And Could Need Modification

Livestock  There Is Evidence That Stock Is Impacting The Stream Or Riparian Area And Exclusion Should Be 
Considered 

Fish Passage  There Are Barriers To Fish Migration In The Stream 

 
In general, the recommendations that involve erosion and sediment reduction by treating roads and failing stream 
banks, and riparian and near stream vegetation improvements precede the instream recommendations in reaches that 
demonstrate disturbance levels associated with watersheds in current stress.  Instream improvement recommendations 
are usually a high priority in streams that reflect watersheds in recovery or good health.  Various project treatment 
recommendations can be made concurrently if watershed and stream conditions warrant.   
Fish passage problems, especially in situations where favorable stream habitat reaches are being separated by a man-
caused feature (e.g., culvert), are usually a treatment priority.  In these regards, more general watershed scale upslope 
assessments can go a long way in helping determine the suitability of conducting instream improvements based upon 
watershed health.  As such, there is an important relationship between the instream and upslope assessments. 
Additional considerations must enter into the decision process before these general recommendations are further 
developed into improvement activities.  In addition to watershed condition considerations as a context for these 
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recommendations, there are certain logistic considerations that enter into a recommendation’s subsequent ranking for 
project development.  These can include work party access limitations based upon lack of private party trespass 
permission and/or physically difficult or impossible locations of the candidate work sites.  Biological considerations 
are made based upon the propensity for benefit to multiple or single fishery stocks or species.  Cost benefit and project 
feasibility are also factors in project selection for design and development. 

Potential Salmonid Refugia 
Establishment and maintenance of salmonid refugia areas containing high quality habitat and sustaining fish 
populations are activities vital to the conservation of our anadromous salmonid resources (Moyle and Yoshiyama 
1992; Li et al. 1995; Reeves et al. 1995).  Protecting these areas will prevent the loss of the remaining high quality 
salmon habitat and salmonid populations.  Therefore, a refugia investigation project should focus on identifying areas 
found to have high salmonid productivity and diversity.  Identified areas should then be carefully managed for the 
following benefits: 

• Protection of refugia areas to avoid loss of the last best salmon habitat and populations.  The focus should be 
on protection for areas with high productivity and diversity; 

• Refugia area  populations which may provide a source for re-colonization of salmonids in nearby watersheds 
that have experienced local extinctions, or are at risk of local extinction due to small populations; 

• Refugia areas provide a hedge against the difficulty in restoring extensive, degraded habitat and recovering 
imperiled populations in a timely manner (Kaufmann et al. 1997). 

The concept of refugia is based on the premise that patches of aquatic habitat provide habitat that still retain the natural 
capacity and ecologic functions that support wild anadromous salmonids in such vital activities as spawning and 
rearing.  Anadromous salmonids exhibit typical features of patchy populations; they exist in dynamic environments 
and have developed various dispersal strategies including juvenile movements, adult straying, and relative high 
fecundity for an animal that exhibits some degree of parental care through nest building (Reeves et al. 1995).  
Conservation of patchy populations requires conservation of several suitable habitat patches and maintaining passage 
corridors between them.  
Potential refugia may exist in areas where the surrounding landscape is marginally suitable for salmonid production or 
altered to a point that stocks have shown dramatic population declines in traditional salmonid streams.  If altered 
streams or watersheds recover their historic natural productivity, through either restoration efforts or natural processes, 
the abundant source populations from nearby refugia can potentially re-colonize these areas or help sustain existing 
salmonid populations in marginal habitat.  Protection of refugia areas is noted as an essential component of 
conservation efforts to ensure long-term survival of viable stocks, and a critical element towards recovery of depressed 
populations (Sedell 1990; Moyle and Yoshiyama 1992; Frissell 1993; Frissell et al. 2000).   
Refugia habitat elements include the following: 

• Areas that provide shelter or protection during times of danger or distress; 
• Locations and areas of high quality habitat that support populations limited to fragments of their former 

geographic range;  
• A center from which dispersion may take place to re-colonize areas after a watershed and/or sub-watershed 

level disturbance event and readjustment. 

Spatial and Temporal Scales of Refugia 
These refugia concepts become more complex in the context of the wide range of spatial and temporal habitat required 
for viable salmonid populations.  Habitat can provide refuge at many scales from a single fish to groups of them, and 
finally to breeding populations.  For example, refugia habitat may range from a piece of wood that provides instream 
shelter for a single fish, or individual pools that provide cool water for several rearing juveniles during hot summer 
months, to watersheds where conditions support sustaining populations of salmonid species.  Refugia also include 
areas where critical life stage functions such as migrations and spawning occur.  Although fragmented areas of suitable 
habitat are important, their connectivity is necessary to sustain the fisheries.  Today, watershed scale refugia are 
needed to recover and sustain aquatic species (Moyle and Sato 1991).  For the purpose of this discussion, refugia are 
considered at the fish bearing tributary and subbasin scales.  These scales of refugia are generally more resilient than 
the smaller, habitat unit level scale to the deleterious effects of landscape and riverine disturbances such as large 
floods, persistent droughts, and human activities (Sedell et al. 1990).  
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Standards for refugia conditions are based on reference curves from the literature and CDFG data collection at the 
regional scale.  The assessment team uses these values in its EMDS models and stream inventory, improvement 
recommendation process.  Li et al. (1995) suggested three prioritized steps to use the refugia concept to conserve 
salmonid resources:  

• Identify salmonid refugia and ensure they are protected; 
• Identify potential habitats that can be rehabilitated quickly;  
• Determine how to connect dispersal corridors to patches of adequate habitat. 

Refugia and Metapopulation Concept 
The concept of anadromous salmonid metapopulations is important when discussing refugia.  The classic 
metapopulation model proposed by Levins (1969) assumes the environment is divided into discrete patches of suitable 
habitat.  These patches include streams or stream reaches that are inhabited by different breeding populations or sub-
populations (Barnhart 1994; McElhany et al. 2000).  A metapopulation consists of a group of sub-populations which 
are geographically located such that over time, there is likely genetic exchange between the sub-populations (Barnhart 
1994).  Metapopulations are characterized by 1) relatively isolated, segregated breeding populations in a patchy 
environment that are connected to some degree by migration between them, and 2) a dynamic relationship between 
extinction and re-colonization of habitat patches. 
Anadromous salmonids fit nicely into the sub-population and metapopulation concept because they exhibit a strong 
homing behavior to natal streams forming sub-populations, and also have a tendency to stray into new areas.  The 
straying or movement into nearby areas results in genetic exchange between sub-populations or seeding of other areas 
where populations are at low levels.  This seeding comes from abundant or source populations supported by high 
quality habitat patches which may be considered as refugia.   
Habitat patches differ in suitability and population strength.  In addition to the classic metapopulation model, other 
theoretical types of spatially structured populations have been proposed (Li et al. 1995; McElhany et al. 2000).  For 
example, the core and satellite (Li et al. 1995) or island-mainland population (McElhany et al. 2000) model depicts a 
core or mainland population from which dispersal to satellites or islands results in smaller surrounding populations.  
Most straying occurs from the core or mainland to the satellites or islands.  Satellite or island populations are more 
prone to extinction than the core or mainland populations (Li et al. 1995; McElhany et al. 2000).  Another model 
termed source-sink populations is similar to the core-satellite or mainland-island models, but straying is one way, only 
from the highly productive source towards the sink subpopulations.  Sink populations are not self-sustaining and are 
highly dependant on migrants from the source population to survive (McElhany et al. 2000).  Sink populations may 
inhabit typically marginal or unsuitable habitat, but when environmental conditions strongly favor salmonid 
production, sink population areas may serve as important sites to buffer populations from disturbance events (Li et al. 
1995) and increase basin population strength.  In addition to testing new areas for potential suitable habitat, the source-
sink strategy adds to the diversity of behavior patterns salmonids have adapted to maintain or expand into a dynamic 
aquatic environment. 
The metapopulation and other spatially structured population models are important to consider when identifying 
refugia because in dynamic habitats, the location of suitable habitat changes (McElhany et al. 2000) over the long term 
from natural disturbance regimes (Reeves et al. 1995) and over the short term by human activities.  Satellite, island, 
and sink populations need to be considered in the refugia selection process because they are an integral component of 
the metapopulation concept.  They also may become the source population or refugia areas of the future.    

Methods to Identify Refugia 
Currently there is no established methodology to designate refugia habitat for California’s anadromous salmonids.  
This is mainly due to a lack of sufficient data describing fish populations, metapopulations and habitat conditions and 
productivity across large areas.  This lack of information holds true for basins especially in terms of metapopulation 
dynamics.  Studies are needed to determine population growth rates and straying rates of salmonid populations and 
sub-populations to better utilize spatial population structure to identify refugia habitat. 
Classification systems, sets of criteria and rating systems have been proposed to help identify refugia type habitat in 
north coast streams, particularly in Oregon and Washington (Moyle and Yoshiyama 1992; FEMAT 1993; Li et al. 
1995; Frissell et al. 2000; Kisup County, 2000).  Upon review of these works, several common themes emerge.  A 
main theme is that refugia are not limited to areas of pristine habitat.  While ecologically intact areas serve as dispersal 
centers for stock maintenance and potential recovery of depressed sub-populations, lower quality habitat areas also 
play important roles in long-term salmonid metapopulation maintenance.  These areas may be considered the islands, 
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satellites, or sinks in the metapopulation concept.  With implementation of ecosystem management strategies aimed at 
maintaining or restoring natural processes, some of these areas may improve in habitat quality, show an increase in fish 
numbers, and add to the metapopulation strength.   
A second common theme is that over time within the landscape mosaic of habitat patches, good habitat areas will 
suffer impacts and become less productive, and wink out and other areas will recover and wink in.  These processes 
can occur through either human caused or natural disturbances or succession to new ecological states.  Regardless, it is 
important that a balance be maintained in this alternating, patchwork dynamic to ensure that adequate good quality 
habitat is available for viable anadromous salmonid populations (Reeves et al. 1995.) 

Assessment Team Approach to Identifying Refugia 
The interdisciplinary team identified and characterized refugia habitat by using expert professional judgment and 
criteria developed for North Coast watersheds.  The criteria used considered different values of watershed and stream 
ecosystem processes, the presence and status of fishery resources, forestry and other land uses, land ownership, 
potential risk from sediment delivery, water quality, and other factors that may affect refugia productivity.  The expert 
refugia team encouraged other specialists with local knowledge to participate in the refugia identification and 
categorization process.   
The team also used results from information processed by EMDS at the stream reach and planning watershed/subbasin 
scales.  Stream reach and watershed parameter evaluation scores were used to rank stream and watershed conditions 
based on collected field data and air photo analysis.  Stream reach scale parameters included pool shelter rating, pool 
depth, embeddedness, and canopy cover.  Water temperature data were also used when available.  The individual 
parameter scores identified which habitat factors currently support or limit fish production (see EMDS and limiting 
factors sections).   
Planning watershed scale parameters used are road density, number of stream crossings, road proximity to streams, 
riparian cover, and LWD loading potential.  The refugia team used the potential sediment production and other 
planning watershed scale EMDS evaluations in a similar manner as they became available.  
When identifying anadromous salmonid refugia, the team took into account that anadromous salmon have several non-
substitutable habitat needs for their life cycle.  A NOAA Technical Memorandum listed five of these requirements 
(McElhany 2000): 

• Adult migration pathways;  
• Spawning and incubation habitat; 
• Stream rearing habitat;  
• Forage and migration pathways; 
• Estuarine habitat. 

The best refugia areas are large and meet all of these life history needs and therefore provide complete functionality to 
salmonid populations.  These large, intact systems are scarce today and smaller refugia areas that provide for only 
some of the requirements have become very important areas, but cannot sustain large numbers of fish.  These must 
operate in concert with other fragmented habitat areas for life history support and refugia connectivity becomes very 
important for success.  Therefore, the refugia team considers relatively small, tributary areas in terms of their ability to 
provide at least partial refuge values, yet contribute to the aggregated refugia of larger scale areas.  Therefore, the 
team’s analyses use the tributary scale as the fundamental refugia unit.   
The CDFG NCWAP assessment team created a tributary scale refugia-rating worksheet (CDFG Appendix 5).  The 
worksheet was first used by the multi-disciplinary NCWAP Mattole Basin assessment team, but was not used by the 
NCWAP Gualala team.  The worksheet has 21 condition factors that were rated on a sliding scale from high quality to 
low quality.  The 21 factors were grouped into five categories:   

• Stream condition;  
• Riparian condition;  
• Native salmonid status;  
• Present salmonid abundance;  
• Management impacts (disturbance impacts to terrain, vegetation, and the biologic community).   

Tributary ratings were determined by combining the results of air photo analyses results, EMDS results, and data in the 
CDFG tributary reports by a multi-disciplinary, expert team of analysts.  The various factors’ ratings were combined to 
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determine an overall tributary rating on a scale from high to low quality refugia.  Tributary ratings were subsequently 
aggregated at the subbasin scale and expressed a general estimate of subbasin refugia conditions.  Factors with limited 
or missing data were noted.  In most cases, there were data limitations on 1 – 3 factors.  These were identified for 
further investigation and inclusion in future analysis. 
The assessment team has created a hierarchy of refugia categories that contain several general habitat conditions.  This 
descriptive system is used to rank areas by applying results of the analyses of stream and watershed conditions 
described above and are used to determine the ecological integrity of the study area.  A basic definition of biotic 
integrity is "the ability [of an ecosystem] to support and maintain a balanced, integrated, and functional organization 
comparable to that of the natural habitat of the region" (Karr and Dudley 1981).  
The Report of the Panel on the Ecological Integrity of Canada's National Parks submitted this definition: 

 
 
 
 
 
 

Assessment Team Salmonid Refugia Categories and Criteria: 

High Quality Habitat, High Quality Refugia  
• Maintains a high level of watershed ecological integrity (Frissell 2000); 
• Contains the range and variability of environmental conditions necessary to maintain community and species 

diversity and supports natural salmonid production (Moyle and Yoshiyama 1992; Frissell 2000); 
• Relatively undisturbed and intact riparian corridor; 
• All age classes of historically native salmonids present in good numbers, and a viable population of an ESA 

listed salmonid species is supported (Li et al. 1995); 
• Provides population seed sources for dispersion, gene flow and re-colonization of nearby habitats from 

straying local salmonids; 
• Contains a high degree of protection from degradation of its native components. 

High Potential Refugia  
• Watershed ecological integrity is diminished but remains good (Frissell 2000); 
• Instream habitat quality remains suitable for salmonid production and is in the early stages of recovery from 

past disturbance; 
• Riparian corridor is disturbed, but remains in fair to good condition; 
• All age classes of historically native salmonids are present including ESA listed species, although in 

diminished numbers; 
• Salmonid populations are reduced from historic levels, but still are likely to provide straying individuals to 

neighboring streams; 
• Currently is managed to protect natural resources and has resilience to degradation, which demonstrates a 

strong potential to become high quality refugia (Moyle and Yoshiyama 1992; Frissell 2000). 

Medium Potential Refugia 
• Watershed ecological integrity is degraded or fragmented (Frissell 2000); 
• Components of instream habitat are degraded, but support some salmonid production; 
• Riparian corridor components are somewhat disturbed and in degraded condition; 

The Panel proposes the following definition of ecological integrity:  "An ecosystem 
has integrity when it is deemed characteristic for its natural region, including the 
composition and abundance of native species and biological communities, rates of 
change and supporting processes.  In plain language, ecosystems have integrity 
when they have their native components (plants, animals and other organisms) and 
processes (such as growth and reproduction) intact.” 
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• Native anadromous salmonids are present, but in low densities; some life stages or year classes are missing 
or only occasionally represented; 

• Relative low numbers of salmonids make significant straying unlikely; 
• Current management or recent natural events have caused impacts, but if positive change in either or both 

occurs, responsive habitat improvements should occur. 

Low Quality Habitat, Low Potential Refugia 
• Watershed ecological integrity is impaired (Frissell 2000); 
• Most components of instream habitat are highly impaired; 
• Riparian corridor components are degraded; 
• Salmonids are poorly represented at all life stages and year classes, but especially in older year classes; 
• Low numbers of salmonids make significant straying very unlikely; 
• Current management and / or natural events have significantly altered the naturally functioning ecosystem 

and major changes in either of both are needed to improve conditions. 

Other Related Refugia Component Categories: 

Potential Future Refugia (Non-Anadromous) 
• Areas where habitat quality remains high but does not currently support anadromous salmonid populations; 
• An area of high habitat quality, but anadromous fish passage is blocked by man made obstructions such as 

dams or poorly designed culverts at stream crossings etc. 

Critical Contributing Areas 
• Area contributes a critical ecological function needed by salmonids such as providing a migration corridor, 

conveying spawning gravels, or supplying high quality water (Li et al. 1995); 
• Riparian areas, floodplains, and wetlands that are directly linked to streams (Huntington and Frissell 1997). 

Data Limited 
• Areas with insufficient data describing fish populations, habitat condition watershed conditions, or 

management practices. 

General Steps to Identifying Refugia:  
An interdisciplinary team identifies and characterizes refugia habitat by using expert professional judgment and criteria 
developed for North Coast watersheds.  The criteria include the status of extant fishery populations and stream and 
watershed conditions affecting them.  The team also considers the status and trends in processes delivering watershed 
products including the transport and routing of water, sediment, wood, nutrients, and heat through the system.  Thus, 
the level of natural and land use disturbances – past, present, and future – are considered as well.  This process 
provides insights concerning current watershed conditions, processes, and trends.  It also projects likely outcomes for 
refugia status in the future.  This process as presented here was not established or used by the Gualala NCWAP 
assessment team.  They rather had a more informal expert session to make their determinations.  Subsequent refugia 
determination work was done by CWPAP teams for this Implementation Summary.  
Step One:  A refugia rating team is established.  The team includes the interdisciplinary assessment team plus local 
landowners or other experts.   
Step Two:  The team meets in an expert session to consider:     
Ecological Management Decision Support system outputs and LFA conclusions based on stream reach scale.  EMDS 
parameters include pool shelter rating, pool depth, embeddedness, and canopy cover.  LFA parameters include these 
and others like flow, water quality, fish passage, etc. 
EMDS Planning Watershed scale parameters for road density, number of stream crossings, road proximity to streams, 
riparian cover, and LWD loading potential.  These parameters are used to estimate watershed process disturbance 
levels and risk to streams.  The Basin Assessment Report’s Integrated Analysis process is applied to each subbasin in 
the assessment area.  These analyses consider the status and linkages between geology, vegetation history, land use, 
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water quality, fluvial geo-morphology, stream habitat, and fishery status at the subbasin scale.  Systematic, stratified, 
random samples of streams are also used within the subbasin units.  These samples have only been used in one 
subbasin to date, but they provide the information to estimate the conditions on several stream parameters.  Local 
information provided by landowners and others well acquainted with the subject area. 
Step Three:  The refugia rating team uses the foregoing information to rate several fish, stream, and watershed 
components on a rating worksheet.  Initially, team members complete the sections of the worksheet independently in 
the area of their expertise.  
Step Four:  The team collectively reviews the several independent ratings to validate the overall collective rating.  The 
results of the tributary rating sheets are then collapsed into a rating for the Planning Watershed and subbasin scales 
within the basin context.  Regional inter-basin comparisons can be made when the collection of large-scale basin 
assessments is more complete. 
CDFG Refugia Rating Worksheet 
The assessment team created a worksheet for rating refugia at the tributary scale (Table 34).  The worksheet has 21 
condition factors rated on a sliding scale from high to low quality.  The 21 factors are grouped into five categories:  1) 
stream condition; 2) riparian condition; 3) native salmonid status; 4) present salmonid abundance; and 5) management 
impacts (disturbance impacts to terrain, vegetation, and the biologic community).  The tributary ratings are determined 
by combining the results of aerial photo analyses, EMDS, and data in the CDFG tributary reports by a multi-
disciplinary, team of expert analysts.  Ratings of various factors are combined to determine an overall refugia rating on 
a scale from high to low quality.  The tributary ratings are subsequently aggregated at the subbasin scale and expressed 
as a general estimate of subbasin refugia conditions.  Factors with limited or missing data are noted and discussed in 
the comments section as needed.  In most cases, there are data limitations on one to three factors.  These are identified 
for further investigation and analysis.  
The rating sheet is used by placing an “X” on a sliding scale extending from High Quality to Low Quality in each row 
of the rating sheet.  The comments section can be used to explain items like missing data, or special situations like 
diversions or dams, etc. 
After the sheets are completed, the ratings in each section are averaged as are the five sections’ mean ratings to 
produce an overall summary rating for the sub-watershed (stream).  These stream ratings are then normalized by 
stream distance and/or sub-watershed area and once more combined to produce a mean refugia rating useful for 
comparison between subbasins.   
Although the range of variance within these layers is somewhat blurred through this lumping procedure, particulars 
and detail can be regained by focusing back down through the layers from subbasin to sub-watershed, stream, and 
finally to the individual parameters.  In this manner guidance can be given to an analyst investigating opportunities for 
watershed improvements through restoration or management activities. 
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Table 34.  CDFG Refugia Rating Worksheet. 

Stream Name: Date: 
Raters: 
Ecological Integrity - Overall 
Refugia Summary Ratings: 

High Quality; High Potential; Medium Potential; Low Quality 
 (Other:  Non-Anadromous; Contributing Functions; Data Limited) 

Stream Condition: High Quality Medium Quality Low Quality 
Stream Flow    

Water Temperature    
Free Passage     

Gravel    
Pools    

Shelter    
In-Channel Large Wood    

Canopy    
Nutrients    

Stream Summary Rating:    
    
Riparian Condition: High Quality Medium Quality Low Quality 

Forest Corridor Seral Stage    
Fluvial Dis-equilibrium    

Aquatic/Riparian Community    
Riparian Summary Rating:    
    
Native Salmonids Status: 
(Native Species and Age Classes) 

Present Diminished 
 

Absent 

Chinook    
Coho    

Steelhead    
Species Summary Rating:    
    
Salmonid Abundance: High Medium Low 

Chinook    
Coho    

Steelhead    
Abundance Summary Rating:    
    
Management Impacts: Low Impacts Medium Impacts High Impacts 

Disturbed Terrain    
Displaced Vegetation    

Native Biologic Integrity    
Impacts Summary Rating:    
Comments: 
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Limitations of this Assessment 
his assessment was limited in duration, scope, detail, and analysis level due to constraints in budget, time, access, 
and overall resources. Where data are limited, working hypotheses are offered along with recommendations to test 

or improve the knowledge base.  Specific limitations are presented below to put the assessment into context and to 
provide guidance to improve future data collections and analysis. 

• The California Department of Fish and Game’s habitat inventory surveys provided the data for instream 
conditions, the Ecological Management Decision Support Reach Model, the Limiting Factors Analysis, and 
the Restoration Recommendations and Priorities.  None of the subbasins had all streams surveyed.  The 
following lists the amount of the subbasin surveyed by length: North Fork, 81%; Rockpile, 39%; Buckeye, 
37%; Wheatfield 45%; and the Mainstem/South Fork, 31%.  These data should be used only within this 
qualified, limited context; 

• The California Geological Survey’s landslide and geomorphic analyses were limited to aerial photo 
interpretation primarily from two sets of photos: 1984 and 1999/2000, and limited field verification. A 
limited number of 1965 aerial photographs were reviewed briefly for only a few selected portions of the 
watershed.  Limited aerial photo coverage does not bracket temporal distribution of important watershed 
events, which may not be evident in photos taken years after the fact.  Field checking of interpretations was 
limited; 

• At the analysis scale of 1:24,000, the detection of geologic features smaller than 100 feet in the largest 
dimension is poor; 

• Detailed site level mapping of landslides and sediment delivery were conducted by outside parties in various 
portions of the watershed.  However, time and staffing constraints prevented full evaluations of those data; 

• Existing geologic mapping of the Rockpile Subbasin is limited to the Geologic Map of the Santa Rosa 
Quadrangle (Wagner and Bortugno 1999), which was mapped at a scale of 1:250,000 (2-degree sheet).  The 
presence and locations of geologic features in this area were inferred from surrounding areas where more 
detailed mapping was available; 

• California Department of Forestry and Fire Protection’s land use analysis used aerial photos exclusively.  
Sediment sources found in earlier photo sets were not field reviewed to ascribe current comparative 
condition; 

• Localized point source channel aggradations and meandering flows observed shortly after the winter rains 
during the late 1950s and early 1960s were not systematically compared sequentially through time to detail 
evolving stream channel morphology.  Only spot point comparisons with 1984, 1988, and 1999 photos were 
done depending on where damage was observed from winter rains during the late 1950s and early 1960s; 

• There was only time to compare the broadest contrasts between 1950s/1960 era impacts with declining 
habitat conditions.  To properly characterize subtle habitat changes and land use activities requires a much 
larger and finer detailed dataset to make more significant conclusions; 

• North Coast Regional Water Quality Control Board’s water chemistry analysis was limited to available U.S. 
Environmental Protection Agency StoRet data for the period April of 1974 to June of 1988 at three 
locations, and three samples obtained by NCRWQCB at five locations in 2001.  The sampling frequency and 
small number of locations did not allow for any detailed temporal analysis; 

• NCRWQCB did not have turbidity or suspended solids data, though considers them critical to watershed 
analysis.  The absence of those data and any analysis of suspended loads and turbidity are limitations in this 
assessment. 

• Pesticide data were not available from StoRet, nor collected in the NCRWQCB sampling of 2001; 
• NCRWQCB analyzed water temperature and in-channel data supplied by the Gualala River Watershed 

Council (GRWC), Gualala Redwoods, Inc. (GRI), and from NCRWQCB files containing Coastal Forest 
Lands, Ltd. data for the period from 1992 to 2001.  Not all locations were sampled throughout that period, 
limiting the ability to compare across years and among sites; 

• In-channel data and some temperature data were provided as summary statistics (medians, means, and 
maximums), limiting the ability to factor variability into the analysis, and not allowing for independent 
checks on the data quality; 

T 
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• The temperature range of 50-60° F was adopted as a “fully suitable” average condition for the needs of 
several cold-water fish species, including coho salmon and steelhead trout.  As such, the range does not 
specifically represent fully suitable conditions for the most sensitive cold-water species, usually considered 
to be coho salmon; 

• Water temperature data analysis did not include probability of exceedance from cumulative distribution 
plots, or hours of exceedance of a threshold. This analysis was limited by not having raw data for all sample 
sites or from throughout the stream system.  Some raw data was obtained late in the analysis period and data 
interface problems were also encountered.  Analysis of temperature information is without knowledge of the 
extent of a thermal reach upstream or downstream of the continuous data-logger; 

• The EMDS model used is preliminary; not all components of the model are currently in use due to data and 
modeling issues (e.g., stream temperature, fish passage, stream flow); not all data layers used in the model 
have been fully subjected to quality control since the review of the model by scientists and practitioners is 
not yet complete. 
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This manual describes methods and techniques used with varying degrees of success by 
watershed restoration specialists.  The methods and techniques described here represent only a 
starting point for project design and implementation.  They are not a surrogate for, nor should 
they be used in lieu of, a project design that has been developed and implemented according to 
the unique physical and biological characteristics of the site-specific landscape. 
 
The techniques and methods described in this manual are not a surrogate for acquiring the 
services of appropriate professionals, including but not limited to licensed professional 
engineers or licensed professional geologists, where such expertise is called for by the 
Business and Professions Code section 6700 et seq. (Professional Engineers Act) and/or 
section 7800 et seq. (Geologists and Geophysicists Act). 
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INTRODUCTION 
Watersheds and streams have a natural background rate of erosion.  Delivery of eroded sediment 
to stream systems occurs through various transport processes that operate in all watersheds.  
Natural erosion and sediment delivery varies from relatively low amounts in stable watersheds 
underlain by resistant rock types, to comparatively high amounts in watersheds that have soft rock 
types that erode more easily.  During large storm events, mass wasting or landsliding, large-scale 
gully erosion, and stream bank erosion are more likely to occur.  Between large disturbance 
events, erosion rates are generally lower and overall sediment delivery is low, although sediment 
may still enter the stream from various erosion processes.  This can increase due to human 
influences.  Native anadromous salmonids have evolved and successfully adapted through eons to 
stream habitat conditions produced by these natural processes within this dynamic environment.  
Excessive sediment delivery to streams can have a deleterious effect on anadromous salmonids by 
filling in pool habitat and burying spawning substrate. 

 
Purpose 

Part X, Upslope Erosion Inventory and Sediment Control Guidance, describes the California 
Department of Fish and Game (DFG) methodology for the identification of upslope and stream 
bank erosion, and techniques for the implementation of cost-effective erosion control treatments 
in salmonid watersheds.  These treatments focus on erosion prevention and control on managed 
lands.  The goal is to reduce the human influences and restore erosion to a level more consistent 
with the natural background rate.  Part X discusses several components of watershed restoration: 

• Sediment production and delivery; 
• Upslope erosion assessment; 
• Analysis and reporting of assessment data; 
• Implementing sediment control work; 
• Quality control, documentation of projects, and project monitoring. 

 
The erosion assessment protocols included in Part X are for the identification and quantification 
of existing and potential sediment sources in upslope and stream bank locations.  The inventory 
data forms include problem identification, quantification of existing and potential sediment 
sources, and the selection of proper treatment options.  To conduct a successful assessment, the 
survey team must understand basic upslope erosion processes and be familiar with basic erosion 
control and erosion prevention techniques applicable to a particular setting.  They must also be 
familiar with the heavy equipment used, its application for the various restoration techniques, and 
have the ability to estimate production rates.  The general erosion control techniques presented 
must be adapted to site-specific conditions.  Additional topic-specific publications and manuals 
for erosion prevention and control are included in the list of references. 
 

Scope and Limitations 

Part X has been prepared to provide the reader with an overview of basic information on 
watershed erosion processes (especially road-related erosion).  This includes: how to identify and 
conduct a basic or simplified inventory of the erosion features associated with these processes; 
and some of the most common, less technical methods by which these processes and their impacts 
can be prevented or controlled.  Only the most straightforward and most common of erosion 
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control and erosion prevention treatments have been described.  Because this is not a 
comprehensive technical guidance manual, and because of the highly varied site specific 
conditions that are likely to be encountered in the field, not all the information needed to identify, 
evaluate and treat complex erosion processes or mass wasting features has been included.   
 
Steps for identifying potential and existing landslides are outlined.  After following these steps, 
the restoration practitioner should be able to recognize whether a landslide problem exists within 
a specified area, and then to seek the expertise of a geotechnical specialist for further analysis of 
the problem, assessment of risk, and recommendations for control and correction.  Consultation 
with licensed and experienced professionals may also be required in situations that require a more 
detailed evaluation of field conditions, prescription options and treatment methods to address 
complex geomorphic processes or in situations that require highly technical analyses or employ 
complex treatment methods.  This is especially true for situations involving all but the smallest 
mass wasting features (e.g., cutbank failures, minor embankment failures) and treatment areas 
located in steep and potentially unstable hillslope areas.  Identification and prescriptive treatment 
of all but the most simple of earth failures is outside the scope of this document. 
 

Audience 
This guide has been written in non-scientific terms and is intended for persons conducting field 
inventories to identify areas that may be contributing excessive sediment to streams.  Among 
others, this may include contractors, equipment operators, watershed planners, field technicians, 
and landowners.  This guide is not intended to supplant, nor is it capable of supplanting, trained, 
experienced, and skilled watershed scientists and workers.  It is intended as supplemental 
guidance on inventory and erosion control methods for the specialist.  It is also intended to 
provide a basic knowledge of erosion control and prevention, and road and culvert removal 
planning and implementation techniques for persons without specialized training but an interest 
or need to participate in watershed protection activities. 
 
 

LEGAL REQUIREMENTS 
Upland erosion control and erosion prevention work typically involves earth moving and other 
work in around stream channels and on lands that often have other environmental limitations and 
restrictions.  Permits for such activities are a normal component of restoration work.  When 
working on Fisheries Restoration Grant Program (FRGP) projects, the Department of Fish and 
Game generally takes the lead role in securing the necessary California Environmental Quality 
Act (CEQA) permits.    
 
For all projects that modify the bed or banks of a stream channel or divert the flow of a 
watercourse, no matter how small, a Streambed Alteration Agreement will be required from DFG.  
The Agreement spells out the permitted activities, the allowed timing of project work and the on-
the-ground mitigations and protections that must be applied.  Typical activities covered by the 
Streambed Alteration Agreement process include installation of stream crossing culverts, armored 
fill and bridge installations, installations of rock armor on a stream bank, and excavations of 
stream crossing fill. 
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Other CEQA clearances typically handled by DFG may include field surveys by trained experts 
in several disciplines and include archaeological surveys, listed plant surveys and surveys for 
threatened or endangered animal species.  These surveys may identify listed species or areas of 
particular sensitivity that result in operating restrictions or exclusions of operations in certain 
portions of the project area.  All of the biological surveys must be conducted at key times of the 
year (e.g., plant surveys are conducted during blooming periods), so pre-project planning is 
critical. 
 
On the field level, federal and state water quality and pollution regulations are administered and 
enforced by Regional Water Quality Control Boards.  Depending on the type of project being 
considered, consultation with a Regional Board may be required.  The DFG Streambed Alteration 
Agreement contains requirements for controlling sediment and other pollution from a project site, 
but the Regional Boards enforce water quality violations through Stop-Work Orders, Clean Up 
and Abatement Orders, and Waste Discharge Requirements.  Regional Board staff can provide 
technical information on how to control project-related pollution.  
 
If trees will be cut during restoration activities and the logs and wood sold as byproducts of the 
restoration work, the project will also be subject to the California Forest Practices Act.  A 
licensed forester can assist with preparation of the required permits needed for commercial 
forestry operations.  If, on the other hand, the wood will not be sold but used in the project (e.g., 
to place in the stream channel or to use as bank protection), a timber harvest plan may not be 
necessary.  In either case, consultation with a local office of the Department of Forestry and Fire 
Protection is recommended. 
 
Finally, if the preliminary survey of an erosion area suggests that a failure area of unknown type 
and depth may be present, characterization of the problem and any treatment prescriptions must 
be developed in consultation with a licensed geotechnical specialist.  All but the smallest 
landslides can be very complex features and the development of effective treatment options more 
often than not will require consultation with a licensed geotechnical specialist.  The Board for 
Geologists and Geophysicists (BGG) examines and licenses Professional Geologists, Certified 
Engineering Geologists and Certified Hydrogeologists in California.  The Board and licensed 
professionals in the field can provide information on circumstances that require professional 
advice. 
 

SEDIMENT PRODUCTION AND DELIVERY 
Land use activity can accelerate the natural background rate of erosion.  It may also result in 
chronic delivery of sediment to stream channels.  Three geomorphic processes are responsible for 
most sediment delivery from upland areas (Figure X-1).  These are: 

• Chronic surface erosion from bare soil areas; 
• Fluvial erosion, including gully and stream channel erosion;  
• Mass wasting or landsliding. 
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Figure X-1. Flow chart of erosion and sediment delivery to stream channels. 
 
Understanding these processes is necessary for conducting successful upslope assessment and 
restoration (Table X-1).  Most of these processes, once initiated, result in erosion of sediment, 
which transports to hillslopes or stream channels.  Whether the sediment remains in storage, 
either on the hillslope or within the channel, depends on the sediment types; and the timing, 
magnitude and frequency of storm events within a watershed.  Once sediment suspends in water, 
or is mobile within the streambed, it becomes part of the net watershed sediment yield. 
 
Watershed erosion processes are neither simple nor easily controlled by human intervention.  
Some conditions are not restorable, reversible, or correctable.  Successful treatments for erosion 
prevention and erosion control should be designed to address the erosion process (surface erosion, 
fluvial erosion, or mass wasting), not the land use.  Thus, gully control practices are generally the 
same whether they are applied on agricultural areas, grazed land or for road-related erosion sites. 
 
Finally, it is generally not possible, nor necessarily desirable, to stop all erosion.  The preferred 
approach is one that reduces the risk of erosion or reduces the volume of eroded sediment 
delivered to a stream by the most effective and cost-effective method. 
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Sediment source characteristics and restoration opportunity 

Process 
Typical upslope 
sediment source 

locations 
Nature of 
erosion 

processes 

Aggregate  
sediment 
delivery 

Sediment 
type 

Preventable 
erosion? 

Controllable 
erosion? 

Preventable 
sediment 
delivery? 

Surface 
erosion 

Surface erosion from bare 
soil areas (road surfaces, 
construction sites, burned 
areas, etc.) 

Chronic Moderate Fine 
Grained Sometimes Rarely Usually 

Road fillslope failures Low to 
Moderate 

Fine to 
Medium 
Grained 

Usually Rarely Usually 

Landing failures Low to 
Moderate 

Fine to 
Medium 
Grained 

Usually Rarely Usually 

Road cutbank failures Low 
Fine to 

Medium 
Grained 

Rarely Sometimes Usually 

Stream bank landslides Low to 
Moderate 

All 
Grain 
Sizes 

Sometimes Rarely Rarely 

Non-road (hillslope) debris 
landslides 

Low to 
High 

All 
Grain 
Sizes 

Sometimes Rarely Rarely 

Mass 
wasting 

Earthflows and large, slow 
moving landslides 

Low to 
Moderate 

All 
Grain 
Sizes 

Rarely Rarely Rarely 

Stream crossing washouts 
(gullies) 

Low to 
Moderate 

Fine to 
Medium 
Grained 

Usually Usually Rarely 

Stream diversions (gullies) Low to 
Moderate 

Fine to 
Medium 
Grained 

Usually Usually Rarely 

Other road-related gullying Low 
Fine to 

Medium 
Grained 

Usually Usually Usually 

Non-road gullying Low 
Fine to 

Medium 
Grained 

Sometimes Sometimes Rarely 

Fluvial 
erosion 

Stream bank erosion 

Mostly 
episodic, 
triggered 
by large 
storm 
events 

Low to 
Moderate 

All Grain 
Sizes Sometimes Sometimes Rarely 

Table X-1. Sources, magnitude and restoration potential of sediment production and 
delivery mechanisms in upland watersheds. 
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To accurately identify upslope sediment sites and recommend effective and cost-effective 
treatments, restoration practitioners must have a clear understanding of the following:  

• How erosion processes operate and lead to sediment delivery to streams; 
• How land use affects erosion processes in predictable ways; 
• Which erosion processes are preventable and controllable, and which are not; 
• How the recommended erosion treatment will result in reduced sediment delivery to a 

stream. 
Surface Erosion 

Surface erosion results from raindrop impact and un-channeled water flowing over bare soil 
during and after rainstorms.  Exposed soil is a direct consequence of almost all land use activities.  
Anywhere there is bare soil there will be potential for surface erosion.  Runoff and surface 
erosion from bare soil areas depends on rainfall intensity and duration, the frequency of 
disturbance, the length of time exposed, soil type and grain size.  Often, surface erosion from bare 
soil areas diminishes after the first rain event, except on unsurfaced roads and other bare soil 
areas where disturbance and resultant surface erosion can become a chronic problem.   
 
Rates of surface erosion vary from watershed to watershed.  In some watersheds where mass 
wasting is relatively uncommon, but soil easily erodes, surface erosion can be the predominant 
sediment delivery process.  Surface erosion turns into sediment delivery when the runoff 
discharges into a stream channel, often through rills or small gullies.  The development of rills, 
defined as channels smaller than 1' x 1' in cross section, is included with surface erosion 
processes. 

Characteristics of Surface Erosion 
• Surface erosion is greatest in fine granular soils such as silt and sand.  Areas of 

decomposed granitic bedrock are particularly susceptible.  It is typically lowest in rocky 
or clay-rich soils. 

• Surface erosion is greatest in the first year after exposure and usually diminishes greatly 
thereafter unless the area is chronically disturbed as on unsurfaced roads. 

• Surface erosion moves and delivers mostly fine sediment such as clay, silt or fine sand. 
• Eroded sediment does not move long distances unless transported by rills, gullies or other 

concentrated flow channels such as road ditches or ruts. 
• Sediment delivery to a stream requires direct connection of bare soil areas with stream 

flow channels such as rills, gullies, and ditches. 
• Site-by-site, surface erosion volumes are often comparatively small, but cumulatively, 

over time, or over large watershed areas, volumes can be very large. 
 

Restoration and Protection Principles for Surface Erosion 
• Keep bare soil to an absolute minimum when conducting land use activities.  This is the 

single most effective method for preventing land use related surface erosion. 
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• Mulch or revegetate bare soil adjacent to stream channels, or other flow transport paths, to 
the break-in-slope near those areas.  Mulching is the single most effective and cost-
effective method for controlling surface erosion. 

• Keep runoff from bare soil areas well dispersed.  Dispersing runoff keeps sediment on-site 
and prevents sediment delivery to streams. 

• Direct any concentrated runoff from bare soil areas into natural buffers of vegetation or to 
gentler sloping areas where sediment can settle out. 

• Prevent rills by breaking large or long bare areas up into smaller patches that can be 
effectively drained before rills can develop. 

• Disconnect and disperse flow paths, including roadside ditches, which might otherwise 
deliver fine sediment to stream channels.  This prevents most sediment delivery. 

 
Fluvial Erosion 

Fluvial erosion includes gully erosion and stream bank erosion.  It occurs when concentrated 
flowing water scours and erodes soil along its path, whether it is within a natural stream channel, 
or on a previously un-channeled slope.  The amount of erosion that occurs is a combined function 
of the energy of the flowing water and resistance of the flow path to scour.  Thus, the greater the 
flow volume or flow velocity, the greater is the erosive power.  Similarly, the more erodible the 
soil type, the more soil loss will occur.  Fine grain granular soils like silt and sand are most likely 
to erode; and rocky soils and bedrock are the least likely to erode. 
 
Fluvial erosion can also be a chronic source of sediment, where gullies gradually increase in size 
or stream banks continue to erode, with routine runoff events.  However, most erosion and 
sediment delivery from fluvial processes occurs during episodic storm events.  The largest storm 
events usually trigger greatly increased fluvial erosion, as new gullies form and existing gullies 
enlarge.  Periods between episodic storm events are usually times of lower fluvial erosion rates. 
 
Fluvial erosion is usually a very efficient sediment delivery mechanism.  The larger a gully 
system, the more likely the eroded sediment will be delivered directly to a stream channel.  
Fluvial erosion rates can vary greatly between watersheds, depending on soil types, land use and 
land management practices. 
 
Fluvial erosion may be accelerated by land use activities that result in increased runoff, or allow 
runoff to concentrate and discharge onto hillslopes prone to erosion.  Fluvial erosion commonly 
occurs at gullies developed on hillslopes at culvert outlets, diverted streams, washed-out stream 
crossings, inboard ditches, and stream channels exposed to increased runoff. 
 
Stream crossings are common sites of gully erosion along road systems.  They commonly fail in 
the following ways: 

• Overtopping, which may occur when a culvert plugs, or its capacity is exceeded and water 
flows over the road; 

• Stream diverts when a culvert plugs or its capacity is exceeded, and the stream flow is 
diverted down the road, instead of over-topping the stream crossing fill; 
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• The crossing collapses when the stream flow tunnels through the fill, as occurs with 
Humboldt log crossings, and rusted out culverts; 

• Stream crossing fills without culverts on abandoned roads gradually erode and wash out. 

Characteristics of Fluvial Erosion 
Although minor scour may occur and banks may locally collapse and erode between storms, a 
gully formed by a large runoff or flow event may not grow significantly, until an equal or larger 
event occurs.  The following are characteristics of fluvial erosion: 

• Sediment delivery from fluvial erosion can be both chronic and episodic.  Fluvial erosion 
produces, transports, and delivers both fine and coarse sediment to stream channels. 

• Stable gullies can serve as conduits for fine sediment delivered from other sources, such 
as roads.  Any sediment delivered to a gully system from another sediment source such as 
road surface runoff, is likely to deliver to a stream channel somewhere down slope. 

• Gullies are channels that have a cross sectional area over one square foot (1' x 1').  Gullies 
are like conveyor belts; they are very efficient sediment delivery mechanisms that can 
transport eroded sediment long distances over varied terrains and slopes. 

• Gullies in rocky soils tend to eventually armor themselves and become increasingly 
resistant to continued down cutting and enlargement. 

• Individual fluvial erosion sites may be small (less than 10 yd3) but huge gullies (greater 
than 1,000 yd3) can also develop on unstable hillslopes.  Concentrated runoff and diverted 
streams can create large gullies, and may trigger the formation of landslides on otherwise 
stable hillslopes. 

Restoration and Protection Principles for Fluvial Erosion 
• Prevent gullies by dispersing runoff from roads, ditches and construction sites, by 

correctly designing, installing and maintaining drainage structures (e.g., road shape, 
rolling dips and culverts) and by keeping streams in their natural channels.  No single 
point of discharge from a road or other disturbed area should carry sufficient flow to 
create gullies.  If gullies continue to develop, further disperse the runoff. 

• Direct any concentrated runoff from bare soil areas, such as road surfaces, into natural 
buffers of vegetation, or to areas where sediment can settle out of the runoff. 

• Dewater active gullies to prevent their enlargement and to reduce their capacity for 
sediment transport. 

• When dewatering is not possible, options include channel armoring and grade control 
structures.  These specialized erosion control techniques are more costly and less effective 
than prevention and dewatering, and do not stop sediment transport.  They typically 
require an engineered design, proper installation, and a commitment to maintenance (Part 
VII). 

 
Mass Wasting 

In many watersheds in north coastal California, mass wasting is the most common geologic 
process of sediment production.  Common types of landslides in the natural environment range 
from large rotational and translational landslides and earthflows, to large and small debris slides, 
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to small slumps.  Landslides typical in steep forested terrain of coastal California have been 
described (CGS 1999) and mapped (CGS 1982-95) in many coastal watersheds of northern 
California.  CGS Note 50, Factors Affecting Landslides in Forested Terrain, provides 
descriptions and illustrations of the various types of landslides that have been identified on the 
north coast.  The California Geological Survey (CGS) landslide inventory maps (CGS Note 40) 
can be used to locate basic landslide features that have been identified and mapped in many 
salmonid watersheds of Del Norte, Humboldt, and Mendocino counties, as well as selected other 
watersheds of the State (CGS 1982-95).  These maps can help restorationists identify unstable and 
potential unstable terrain within watersheds that are targeted for erosion inventories and 
development of erosion control plans. 
 
Landsliding is a gravitational process.  Soil slides down slope when the gravitational forces 
exceed the forces that hold it in place (friction).  Factors affecting landslide sediment delivery 
include proximity to a stream, slope steepness, slope shape, moisture content, and soil 
composition.  Landsliding occurs in the natural environment, but land management activities that 
cause increased driving forces or decreased slope resistance can accelerate it.  Road construction 
and its associated spoil disposal is an example of a land management activity that may trigger 
landsliding.  Land management activities that cause or increase landsliding include: 

• Slopes undercut and destabilized during road or other construction activities; 
• Un-compacted and unstable spoil materials disposed of onto steep slopes; 
• The diversion and collection of water on otherwise stable slopes. 

 
There are a number of indicators of unstable or potentially unstable slopes.  In the field, 
potentially unstable ground often, but not always, displays direct evidence of instability such as 
cracks, scarps, and leaning or pistol-butted trees.  Previous failures in similar locations in nearby 
areas may also suggest the potential for addition slope instability.  Slopes may also exhibit 
indirect evidence or a suite of contributing factors that can lead to slope instability.  These factors 
include but are not limited to steep or oversteepened slopes, convergent topography, colluvial 
soils on impermeable shallow bedrock, emergent groundwater, hydrophillic (water loving) 
vegetation and mottled soils indicative of elevated ground water, known unstable soils and 
geologic formations, and proximity to faults and shear zones.  
 
Water in and on hillslopes is usually a key contributing factor to the occurrence of landslides.  
Landslides often occur in close geographic proximity to springs, seeps and other forms of 
emergent groundwater.  Roads intercept subsurface flow paths, with water either emerging from 
the cutbank (contributing to cutbank failures) or being blocked by overburden and uncompacted 
earthen materials disposed of downslope of the road (sidecast materials).  Subsurface damming of 
groundwater contributes to fillslope failures and to larger debris slides where topographic swales 
and colluvial hollows fail by the build up of water pressures in the subsurface. 
 
In general, the smaller the landslide, the more easily it can be prevented or controlled.  In 
contrast, larger management-related landslides may be preventable, but they are rarely 
controllable once they begin sliding (TRB 1978; GSA 1987).  Landsliding rates can vary greatly 
between watersheds, depending on natural slope stability, land use and management practices.  
Landsliding becomes sediment delivery when material slides or flows into a stream channel.  
Some types of landslides are efficient at delivering sediment to streams while others rarely result 
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in sediment delivery.  Both timing and location in the watershed determine this.  For example, 
streamside debris slides are infrequent but may result in substantial direct delivery of sediment, 
whereas cutbank landslides along roads are notoriously frequent, but typically lack major 
amounts of sediment delivery.  Very few landslides deliver all their material to a stream; some 
sediment is generally stored on the hillslope. 

Characteristics of Mass Wasting 
• Sediment delivery to stream channels from landsliding occurs primarily as episodic inputs 

as the result of direct landsliding.  Some slide surfaces, such as those on large landslides 
along roads or stream channels may remain largely un-vegetated for years, but surface 
erosion and gulling of the slide surface usually produces far less sediment delivery than 
the landslide event itself. 

• Landsliding is predominantly an episodic process that occurs during or in response to 
rainfall and runoff events.  Large storm events typically cause more and bigger landslides. 

• Steep hillslopes, weak rock types and certain soils are more prone to landsliding than 
other soil types.  In general, steeper hillslopes have a higher potential for landslides.  
Diverted runoff or slopes undercut by migrating streams can cause landslides to form on 
previously stable hillslopes. 

• Sediment delivery is largely controlled by slope steepness, slope shape (i.e., concave, 
convex or planar), landslide volume, water content (fluidity), and proximity to the stream.  
Not all landslides deliver sediment to a stream channel.  This depends on the failure 
mechanism, the distance between the failure area and the stream channel, and the overall 
mass of the slide. 

• Some landslides that start out as small volumes can quickly increase in volume as they 
move down slope.  Other landslides may quickly lose material as they move down slope.  
Water content, hillslope steepness and shape, landslide mass and the type, size and 
amount of vegetation in the landslide’s path largely control the distance sediment moves. 

• Landslides that do result in direct delivery, deliver any trees and other organic material 
present in the area of failure along with all sediment grain sizes that are present on the 
hillslope and in the underlying soil and bedrock material. 

Restoration and Protection Principles for Mass Wasting 
• Prevent accelerated landsliding by identifying, avoiding and protecting potentially 

unstable slopes through appropriate land management. 
• Only treat landslides that have the potential to deliver sediment to a stream channel. 
• Divert surface and subsurface drainage to stable areas away from steep, unstable slopes. 
• Revegetation is a valid long-term restoration technique for unstable and potentially 

unstable slopes, but revegetation is sometimes very difficult and the benefits will take 
decades to develop. 

• Small landslides, especially those that occur in sidecast materials, are often most 
effectively prevented or controlled by direct excavation of all or most of the potentially 
unstable material.  This is often the most effective and cost-effective technique for 
preventing road-related landsliding. 
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• In some instances, sediment delivery from some medium and large size landslides can be 
controlled by excavating and removing material at the head of the slide.  Removal of mass 
from the top of a slide may unload the slide sufficiently to stabilize the remaining mass.  
Projects to stabilize landslides must consider the size and volume of the slide, the volume 
of sediment to excavate, and the predicted volume of sediment prevented from delivery to 
a stream.  The amount of unloading required is a technical assessment that requires 
professional analysis.  The California Business and Professions Code requires that such a 
determination be made by a registered Professional Geologist, a Certified Engineering 
Geologist, or geotechnical Professional Engineer working within their area of expertise.   

• The most cost-effective restoration treatment for large, uncontrollable landslides is often 
direct excavation and removal of slide material poised for delivery to a stream.  This 
technique reduces sediment delivery but does not attempt to prevent or control landslide 
movement.  Corrective actions and control measures for medium and large landslides are 
outside the scope of this document and require the assistance of appropriately trained and 
experienced Professional Geologists, Engineering Geologists and Geotechnical Engineers.  

• Large landslide scars can be slow to revegetate, and although highly visible for many 
years after the initial failure, the scars may be an artifact of past landsliding and not an 
indication of future landslide potential.  In many cases, most future sediment delivery 
from bare landslide scars will come from surface erosion and gullying.  These processes 
are often not cost-effective to control due to the difficulty of access, extremely steep 
slopes, and harsh site conditions. 

• Vertical head scarps and tension cracks around the top of old landslides are usually signs 
of stress relief that developed during or immediately after the original landslide failure.  
They are usually not sites of future sediment delivery because the potential sediment 
volumes are comparatively small and any material that does fail is usually redeposited 
immediately down slope on the original slide mass.  Head scarp areas of old landslide 
scars should only be considered for treatment if there is the potential for future sediment 
delivery, and then only in consultation with licensed and experienced geotechnical 
professionals. 

 

UPSLOPE EROSION ASSESSMENT 
Determining which watersheds have the greatest potential for salmonid restoration is critical in 
identifying candidate watersheds for erosion assessment.  Impacted watersheds with restorable 
salmonid populations are obvious targets for erosion assessment.  Recovery of ecosystem 
function will be most successful where there is both restoration and prevention efforts.  There is 
no easy, quick, or cheap way to restore most watersheds. 
 
Healthy watersheds with strong salmon and steelhead populations are also in need of erosion 
assessment, for they will be the seat of future stock recovery for nearby degraded watersheds 
(Bradbury et al 1995).  Although healthy watersheds may serve as refugia for salmonid 
populations, consider the potential for future sediment-related degradation.  This dictates the 
inventory of healthy watersheds, and inclusion of sediment reduction measures in future land use 
activities. 
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Assessment Scales and Priority Criteria 
Watershed problems and restoration treatments vary across the landscape.  It is important to set 
priorities for both upslope assessment and for resultant protection and restoration actions.  In the 
context of this manual, salmonid conservation biology drives the need for upslope assessment and 
restoration.  For this reason, it is important to develop a biologically based strategy for setting 
watershed assessment, protection and restoration priorities (Bradbury et al 1995). 

Watershed Categorization 
Divide watersheds into logical assessment and restoration units.  Prioritize both upslope 
assessment and actual restoration treatments on these land units (Figure X-2).  From large to 
small, these assessment land units include: 

• River basins - large land units with an integrated drainage system often exceeding 300 
square miles in area and containing many named subbasins and watersheds and many 
miles of fish bearing (or Class I ) stream channels (e.g., Mattole River, 396 mi2); 

• Subbasins - intermediate to large size land units, consisting of integrated drainage systems 
with an area generally ranging from 50 to 300 square miles or more and generally 
including many named watersheds and Class I stream channels and tributaries (e.g. 
Western Mattole Planning Subbasin, 89 mi2); 

• Watersheds - intermediate sized land units, consisting of integrated drainage systems with 
an area generally ranging from 10 to 50 square miles with a number of named tributaries 
and few to many sub-watersheds and Class I stream channels (e.g., Honeydew Creek, 17.2 
mi2); 

• Sub-watersheds - smaller watershed units generally ranging from 1 to 10 square miles 
with few or no Class I stream channels (e.g., Bear Trap Creek, 1.7 mi2); 

• Hillslope units - logical topographic or management units within a watershed or sub-
watershed that may be defined by natural boundaries (such as ridges and streams) or by 
management features (such as roads); 

• Sites - individual treatment sites of on-going or future sediment delivery ranging in size 
from 100 ft2 (or less) to 100 acres.  This includes individual stream crossings, gullies, 
stream banks, road reaches, landslides and other erosion sources. 
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Figure X-2. Watershed hierarchy. 
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Priority Criteria 
Prior to conducting an upslope assessment, research the relative health of the salmonid 
populations and habitat conditions in the assessment area of interest.  Base the assessment on 
known or suspected limiting factors for salmonids, as well as on potential resources at risk where 
the aquatic system is not severely impaired but where watershed threats may be imminent.  This 
dual focus will direct assessments to watersheds where the best benefit to the resources are 
achievable.  Information that would support this conclusion, and the decision to proceed with an 
upslope assessment, is often available from DFG or other professionals who are most familiar 
with watershed conditions, historic and present use by salmonids, limiting factors, threats and the 
overall health of the aquatic system.  A restoration and protection strategy can then be employed 
which makes logical and biological sense. 
 
1st Priority - Habitat Protection 
Aim initial efforts at protecting the best remaining refuge watersheds; that is, those areas with the 
best habitat, and healthiest and most diverse populations of fish and other forms of aquatic life.  
This may also include areas where special at-risk populations are present.  The success of the 
protection effort is dependent on the effective use of protective land use practices and 
preventative land management. 
 
2nd Priority - Habitat Restoration 
This includes impacted watersheds that still have the potential for recovery.  In these watersheds, 
use restoration as a tool to enhance or recover fish populations and aquatic ecosystem function 
over the intermediate term.  These watersheds include streams that have had historic fish runs but 
do not currently support viable fish populations.  Because of relatively few limiting factors, 
restoration activities should focus on the causes, not symptoms, to improve watershed and habitat 
conditions and processes.  These sites, when improved, will become logical areas for fish to re-
colonize most rapidly.  Even though protective land use practices are undertaken, full recovery of 
these watersheds could take decades. 
 
3rd Priority - Water Quality Restoration 
This includes those sub-watersheds and headwater areas where access for anadromous fish is 
naturally limited due to increased stream gradient or natural barriers.  These areas nonetheless 
perform vital ecological function for the entire aquatic ecosystem, by providing cool, clean water, 
large woody debris, and food (nutrient) products for aquatic species.  Example treatments include 
upslope and riparian restoration to reduce sediment inputs and to lower summer water 
temperatures to larger connecting streams utilized by anadromous fish. 
 
4th Priority – Mainstem River Restoration 
Estuary enhancement, adult and juvenile salmonid migration improvements and riparian 
restoration are projects done directly to improve the main channel of most large river basins to 
improve fish and aquatic habitat.  These areas are critical for anadromous fish. 
 
5th Priority or Last Priority Watersheds 
It may be best to consider watersheds with multiple limiting factors non-restorable.  These 
watersheds could absorb most of the money that is available for watershed restoration, with little 
or no chance for noticeable recovery within the time span of several human generations (Frissell 
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1993).  Identify non-restorable watersheds early in the planning process.  Consider work in these 
areas after protection and completion of erosion prevention in the more productive watersheds is 
accomplished. 

Site Specific Assessment Strategies 
When not all of a watershed or sub-watershed can be completely inventoried with the available 
funding and resources, there are other strategies that can be employed to help direct assessment 
efforts.  Certain sub-watershed areas and management conditions are more likely to contain 
problems than others; these are usually the best places to focus on when inventory resources are 
limited.  Two recommended areas to focus on are: 

• Sensitive landscape areas:  Lower hillslope areas; steep hillslopes; riparian zones; fish 
bearing stream channels; areas with a high density of stream channels; and areas of highly 
erodible or unstable soil.  These areas are sensitive because of their susceptibility to 
erosion and/or mass wasting, or because they are so close to stream channels that any 
significant erosion would deliver sediment to streams and adversely affect fish habitat.  

• Common sediment producing areas in managed landscapes:  This considers roads of all 
types, including railroad grades, jeep trails, and logging skid trails; quarries and rock pits; 
cultivated agricultural areas on hillslopes; all terrain vehicle (ATV) and livestock trails; 
development and construction sites; and recently burned or cleared areas. 

Assessment Scales 
When possible, assess a watershed in its entirety.  If social and economic factors necessitate a 
partial assessment, then assess the most biologically important sub-watersheds first, with 
completed inventories developed into prioritized restoration plans for the inventoried sub-
watersheds as the assessment progresses.  Alternately, if funds are limited, assessment of low risk 
areas (e.g., ridge tops) in these same sub-watersheds can be deferred while those portions of the 
landscape that are most likely to contain significant, treatable sediment sources (e.g., lower and 
middle hillslope areas with high road densities and/or abandoned roads and numerous stream 
crossings) can be inventoried first.  Sometimes, landowner access will partially dictate which 
watershed areas can be inventoried. 
 
The following list outlines some examples of high and low priority assessment areas or features 
used to stratify a watershed or sub-watershed for partial assessment. 
 
Higher priority assessment areas in watersheds typically include such features as: 

• Roads in sensitive hillslope locations (steep, unstable slopes); 
• Roads built in highly erodible terrain (decomposed granite and erodible grassland soils); 
• Roads with numerous and/or volumetrically large stream crossings; 
• Old roads and abandoned roads with stream crossings; 
• High use, unsurfaced or rock surfaced roads; 
• Hillslopes exhibiting diverted streams and skid trails; 
• Class I stream channels; 
• Recent construction areas, rock pits and borrow sites. 
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Lower priority assessment areas typically include such features as: 
• Ridge tops and ridge top roads; 
• Upper hillslope roads with gentle or moderate slope gradients (<35%); 
• Hillslopes with roads but few or no streams; 
• Roads built on moderate or gentle hillslope areas anywhere in a watershed; 
• Harvested hillslopes that have been cable yarded or helicopter logged; 
• Hillslope areas with little or no recent land management. 

 
If portions of a watershed or sub-watershed are selected for assessment, as opposed to the entire 
area, have the plan reviewed by an experienced restoration specialist or DFG biologist before 
proceeding.  Partial assessments run the risk of improperly ignoring or excluding portions of a 
watershed that may be affecting or threatening salmonid spawning and rearing habitat. 
 
Landowners have found sediment source inventories to be very useful for conserving both natural 
resources, and time and money.  For example, the landowner can query the resultant database to 
determine how many sites exist and how much future erosion could occur along each particular 
road.  If erosion at a number of sites is uncontrollable, then the landowner may choose to 
decommission the road and access that portion of the property through a new, more stable route.  
Through this analysis, the landowner may decide some roads may be worth upgrading while 
targeting others for permanent or temporary decommissioning. 
 

Upslope Sediment Source Assessment Elements 
Watersheds where salmonid resources are impaired or threatened by sediment derived from land 
use impacts are important candidates for upslope assessment and treatment.  Conduct upslope 
assessments only after securing written permission from landowners or land managers.  Two 
important watershed conditions to identify and consider include: 

• Watersheds where degraded instream or riparian habitat limits salmonid populations and 
the problems have been caused by excessive sediment from the watershed to the streams; 

• Watersheds where the instream habitat and riparian zone is not presently impaired, but 
stream resources are at potential risk because impacts may be imminent due to upslope 
instability and/or disturbance. 

 
This dual focus will direct upslope assessment to watersheds where assessments will most likely 
lead to treatments that benefit salmonids and the overall health of the aquatic system.  This 
methodology for upslope assessment promotes proactive watershed restoration for salmonids.  It 
identifies significant sources of ongoing or future erosion that will lead to sediment delivery to 
streams in the watershed and that are amenable to treatment.  This is termed a “forward looking 
assessment of sediment delivery”.   Not all potential sediment sites may be treated, but their 
identification is an important first step to developing a cost-effective restoration plan. 
 
Base a forward-looking upslope assessment upon field assessments that use logical, standardized, 
science-based observations, measurements, and deductive reasoning.  The goal of this uniform 
data collection and resultant inventory is to deliver a watershed restoration plan that: 

• Identifies the nature and magnitude of the erosion problems in the watershed; 
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• Provides quantified risk assessment data; 
• Estimates the volume of sediment potentially prevented from delivery to streams; 
• Develops a prioritized list of site-specific treatment prescriptions and associated cost 

estimates. 
 
Assessment of past erosion and sediment delivery can provide an estimate of the relative 
magnitude and causes of various past sources of sediment delivery.  This will provide some 
understanding of the importance of human-caused sediment sources over which there could be 
some control.  Such an analysis may also provide insight about which land use practices 
contribute to increased sediment delivery, and might still be a factor in accelerated erosion. 

Transportation Planning 
The process of identifying a long-term strategy for road and erosion management is termed a 
transportation plan.  Such a plan is developed by working closely with the landowner, and 
includes and integrates an estimate of the capital expenditures needed to upgrade and/or 
decommission elements of the present road network as well as the expected reduced long-term 
maintenance costs once all erosion prevention work has been undertaken. 
 
In developing and implementing a transportation plan, consider all existing roads for either 
decommissioning or upgrading, depending upon their utility to the landowner and their risk to the 
aquatic ecosystem.  Not all roads are high-risk roads and those that pose a low risk of affecting 
aquatic habitat may not need immediate attention.  It is therefore important to rank and prioritize 
roads in each sub-watershed based on their potential to impact downstream resources, as well as 
their importance to the overall transportation system and management needs of the landowner. 

Quality Assurance and Quality Control in Upslope Assessment 
Quality assurance is an important component of both the assessment and the implementation 
phase of watershed restoration.  Sediment source assessments, and the subsequent erosion 
prevention activities, are expensive.   In the assessment process, the use of quality assurance 
measures minimizes the likelihood that incorrect interpretations will lead to unnecessary or overly 
expensive implementation.  Quality assurance during a sediment source assessment ensures that 
the assessment is as thorough and accurate as possible.  To achieve quality assurance it is required 
that: 

• Inventory personnel are properly trained; 
• Crew size is a minimum of two persons for efficiency and safety; 
• Data are collected in a systematic and standardized format;  
• Established protocols are followed;  
• Significant sediment sources are not overlooked or ignored; 
• Sediment savings volume estimates are accurate; 
• Treatment cost-estimates are accurate and reasonable. 
 

Quality control during implementation treatments represents another critically important 
component of effective and cost-effective upslope restoration and sediment control.  Quality 
control measures utilized during the on-the-ground erosion prevention and control work helps 
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ensure that the most effective and efficient techniques are applied, and that the completed project 
meets the design standards established during the inventory process. 
 
Technical Oversight of Inventory Crews 
The work of inventory crews should receive regular technical review by qualified erosion control 
or watershed assessment specialists to verify the thoroughness, accuracy and consistency of 
problem identification, field interpretations, volume calculations, delivery estimates and treatment 
prescriptions. 
 
Review of Field Assessments and Treatment Prescriptions 
Once the field component of the inventory is completed, conduct a review of the preliminary 
assessment data.  Include in the review the crew supervisor, affected landowners, and the erosion 
control or watershed assessment specialist(s).  The review should consist of field site inspections 
and review of the products of the assessment including: 

• Adherence to established assessment protocols; 
• Accuracy in problem site identification; 
• Accuracy in problem site quantifications (e.g., volume measurements and delivery 

estimates); 
• Correctness in proposed restoration treatment prescriptions; 
• Precision of heavy equipment and labor prescriptions, and associated cost estimates. 

 
On large watershed assessments, or in cases where there are significant revisions identified during 
the review, more than one field visit may be warranted.  The crew supervisor should write a brief 
report describing the revisions and attached it to the Upslope Inventory Data Form. 
 
Review of Prioritized Restoration Plan and Cost Analyses 
Review the draft restoration plan before it is finalized, to assure the cost analysis is accurate and 
correct, and that the prioritized restoration plan for the watershed is supported by the inventory 
results.   Reviews conducted by qualified and experienced agency personnel or qualified 
specialists should include a brief narrative or checklist confirming the content, accuracy, and 
thoroughness of the inventory and the restoration plan, as well as the appropriateness, 
effectiveness and cost-effectiveness of the proposed restoration treatments. 
 

Assessment Preparation 
Prior to conducting field inventory work, several preliminary tasks will make the subsequent 
fieldwork easier and more meaningful. 

Review Available Information 
Contact DFG fisheries staff to see if there is a watershed assessment report or stream inventory 
report for the assessment area.  Contact other public resource agencies, private landowners, 
watershed groups and any other potential data sources to gather all relevant information on land 
use, erosion, stream conditions and aquatic resources for the area.  Review existing maps, data 
and reports that might be useful in conducting the assessment and preparing the plan. 
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Obtain Supplies and Equipment 
Prior to beginning the sediment source assessment, assemble the necessary office and field 
supplies and equipment (Table X-2). 

Complete Contractor and Field Crew Trainings 
Project personnel should complete DFG-approved basic field training in sediment source 
assessment.  The trainers are qualified and experienced erosion control and watershed assessment 
specialists.  The training includes erosion site identification, site description methods and 
classification, problem quantification, prescription development, cost-effectiveness analysis, air 
photo analysis, map making, field sketching, monitoring techniques and database analysis 
procedures.  The training also includes discussion about and typical examples of complex erosion 
problems and mass wasting features likely to require consultation with a licensed, experienced 
geologist, engineering geologist, geotechnical engineer, hydrologist or qualified erosion control 
specialist.   

Conduct Analysis of Stereo Aerial Photos 
Prior to going into the field, conduct an air photo analysis of the assessment area to help identify 
the location of sensitive roads and other high priority areas for field mapping, analysis and 
potential treatment.  Potential sources for air photos include: 

• California Department of Forestry (CDF); 
• Department of Conservation/California Geological Survey (CGS); 
• Department of Fish and Game (DFG); 
• Regional Water Quality Control Boards (RWQCB); 
• County Assessor or Planning departments; 
• United States Geological Survey (USGS); 
• National Resource Conservation Service (NRCS); 
• Bureau of Land Management (BLM); 
• Environmental Protection Agency (EPA); 
• US Forest Service (USFS); 
• Private industrial landowners;  
• Commercial air photo vendors. 

 
Public resource agencies are likely to know the best sources of available photography for a 
particular watershed.  Select historic aerial photographic coverage from a number of years 
(perhaps one flight per decade) to bracket major storms.  Photos are available beginning in the 
1940’s or 1950’s for most watersheds. 
 
Air photo analysis is useful to develop a general basin background and land use history, including 
a road construction history.  It is important to identify maintained and abandoned roads, and 
landings that are potential or on-going sediment sources.  Air photos can also be used to develop 
an optional landslide history for the watershed, as well as an historical assessment of stream 
channel conditions, although in most streams only major areas of bank erosion or channel 
aggradation will be visible. 
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Necessary or desirable items: 
• Aerial photos (1:12,000 or larger scale; laminated if using in the field) 
• Mylar (3 mil, frosted on one side cut to 9" x 9"; for mapping sites on photos) 
• Data form, on waterproof paper 
• Computer with database software (e.g., MS Access) 
• Clipboards 
• Mechanical pencils (several per person) 
• Scientific calculators, with trigonometric functions (solar powered preferable) 
• Permanent markers, fine point (for marking information on flagging at sites) 
• 150 foot tape with marks in 10ths of feet (one per crew) 
• Pocket rulers (with 10ths and 50ths scale; one per person) 
• Clinometers (marked in degrees and percent; one per person) 
• Flagging - color(s) to be identified by crew (several boxes) 
• Vests (one per person) 
• Good field boots (treated waterproof) 
• Drafting tape 
• First aid kits, first aid supplies and survival supplies (e.g., matches, knife) 
• Day packs 
• Pocket stereoscopes (one per crew is probably sufficient) 
• Map wheel (for measuring distances on maps and photos) 
• Planimeter or dot grid (for measuring areas on maps and photos) 

 
Optional items: 

• 4x4 field vehicle(s) 
• Distance measuring computer(s) for vehicles 
• Geographic Positioning System (GPS) unit (portable, for mapping site locations) 
• Electronic range finder (laser hand-held distance measuring device) 
• Small chain saw, axe, brush hook or equivalent 
• Rope (for going down steep slopes) 
• Tow rope, cable or chain (for moving downed trees) 
• Increment borer (for dating trees on landslides) 
• Laptop computer (for field data entry, database and data analysis) 
• Software for calculating stream crossing volumes 
• Geographic Information System (GIS) mapping software 
• Pocket rods marked in 10ths of feet (one per person) 
• Compass 
• Colored pencil set 
• Rain gear and rubber boots 
• Table stereoscope 
• Monopod 
• Digital camera and batteries, or 35mm camera and film, with 28mm zoom lens (wide angle required) 
• Radio (CB, mobile phone or other for emergencies and communication) 

 

Table X-2. Field equipment and material needed for upslope watershed assessments. 
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Results of the air photo analysis should be represented on a large format hard copy map (scale 1" 
= 1000', or larger), or in electronic GIS format so that future field inventoried sediment sites can 
be accurately plotted.  The map will show roads by type, time of construction and past use, and 
status.  Once fieldwork is completed, this base map will show all inventoried sites and it will form 
an important component of the watershed restoration plan. 

Collect Field Data 
Use the Upslope Inventory Data Form and the Stream Bank Inventory Data Form to record 
information in the field.  Collect data on paper data forms or electronically in hand held or laptop 
computers.  Paper data forms provide the security of a hard copy of the original data and the 
flexibility of allowing for developing field sketches and collecting other non-database 
information.  Collecting data on waterproof paper forms is generally the preferred method. 
 
Data Format 
Collect field data in both qualitative and quantitative formats, depending on the question.  Enter 
the data in a relational database with all data fields in unique, pre-established formats.  Exceptions 
are where a descriptive response is necessary, or where other types of information are recorded 
that cannot be entered in the database, such as a sketch map of the site (Figure X-3).  Collect data 
measurements in predefined units (feet, inches, meters, cubic yards, etc.). 
 
Site Definition Criteria 
Most watersheds have many locations of existing and potential erosion.  It would not make sense 
to inventory them all, because some are very small and some will not deliver sediment to a stream 
channel.   

• Inventory only sites of future sediment delivery.  When working for DFG, do not 
inventory an erosion site if it is unlikely to deliver sediment to a stream in the event of 
future erosion or hillslope failure.   

• Prior to the start of a sediment source inventory, establish a minimum sediment delivery 
volume to qualify a site as a measurable site.  Typically, the minimum volume will be 
between 10 and 50 yds3 of sediment delivery.  Smaller sites should be located on a map or 
photo, but not described on a site data form.  Use the Upslope Inventory Data Form to 
record sites that meet or surpass the established minimum volume criteria.   

• For chronic road-related sediment sources, there is no minimum site volume.  Inventory 
all sites of chronic sediment delivery.   

 
Some sites of past erosion remain as eyesores.  Often, large bare soil areas are mistaken to be 
more important than they really are.  Define sites not by appearance, but by an analytical 
evaluation of the potential for future sediment delivery by erosion processes. 

 
Upslope inventories often focus on road-related erosion because of its comparative importance, 
accessibility, and the relatively high cost-effectiveness of erosion prevention and erosion control 
treatments at road sites.  In road-related inventories, include all stream crossing sites.  Stream 
crossing sites normally have extremely high potential for direct sediment delivery to streams in 
the event of a culvert failure or stream diversion. 
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Figure X-3. Sample sketch maps of potential restoration sites, as portrayed on the Upslope 
Inventory Data Form.  
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Map Data 
As field inventory proceeds, the potential sites identified can be numerous.  Map the location of 
each site on a Mylar overlay, on the most recent aerial photo or map of the assessment area.  
Laminated copies of air photos work well for this purpose (Figure X-4).  Enlarged aerial photos 
work well to map sites accurately.  If aerial photos are not available, map site locations on the 
best available large-scale topographic or road map.  For site identification, include GIS map 
coordinates or GPS satellite coordinates, where possible. 
 
Use a standardized set of mapping symbols for recording site locations on air photo overlays or 
maps (Table X-3).  Include these same symbols on field site marker flagging ribbons to identify 
the site and designate its type.  Sketch in as accurately as possible abandoned roads not shown on 
the map. 
 
Geology maps are available for the entire state and CGS Watershed Maps are available for many 
of the coastal areas.  The maps are intended for the public for uses aimed ultimately at the 
reduction of erosion and landsliding, and the enhancement of water quality.  The maps and 
explanations will enable users to: 1) recognize and “flag” areas of potentially unstable ground, 
and 2) foresee and minimize potential problems in these areas.  The maps should be most useful 
for identifying unstable and erosion-prone areas on a regional scale, and in the preparation of 
large scale, long-range management plans that use geologic information to minimize 
environmental impacts.  The maps are not a substitute for on-the-ground site-specific studies, but 
rather for identification of possible problem areas that may require consultation with a 
professional geotechnical specialist. 
 
The watershed maps provide essentially the same information for each of the watersheds studied.  
Physical characteristics that can be correlated to landslide potential, soil erosion potential, and 
stream bank erosion potential are mapped at a scale of 1:24,000.  The maps may be purchased 
from the California Geologic Survey, and are available for downloading in PDF format at 
http://www.consrv.ca.gov/cgs/thp/watersheds.htm.  
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Figure X-4. Aerial photo and matching copy of Mylar overlay map showing roads and 
sites. 
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Table X-3. Standardized mapping symbols. 
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The Inventory Process 
The field inventory process is straightforward, once the assessment preparation is completed.  
Visit each site once.  Collect all data needed to describe, quantify and recommend potential 
treatments for each site on the first visit. 

Inventorying Hillslope Areas and Roads 
Fieldwork for sediment source assessments concentrates on inspecting hillslope areas most likely 
to contain sites of preventable or controllable management-related sediment delivery.  This may 
include a variety of managed areas.  Usually, most of the treatable sites are located on road 
systems where problems are abundant and access for treatment is good.  Therefore, the 
assessment requires a walking inventory of all active and abandoned roads in the assessment area.  
All existing and potential sediment delivery sites that fit the minimum sediment delivery criteria 
are then identified and quantified in the Upslope Inventory Data Form.  If it meets the minimum 
definition of a site then it should be mapped, inventoried and added to the database.  At this point, 
make no assumptions about which sites will or will not be treated.   

Inventorying Stream Channels 
A second component of the erosion assessment involves stream channels.  Usually, bank erosion 
sites are the primary stream channel locations of future erosion and resultant sediment delivery to 
streams.  Regardless, it is generally not practical to survey all the stream channels in a sub-
watershed due to poor or difficult access.  However, DFG can often provide stream inventories as 
described in Part III of this manual for fish bearing streams. 
 
High priority areas for conducting stream bank inventories are: stream channels where reasonably 
good equipment access exists from nearby roads, open areas proximate to the stream, and reaches 
along larger Class 1 streams.  In areas where access is a problem, conducting a sample inventory 
may determine if stream channels are likely candidates for future cost-effective restoration 
projects, and worthy of further inventory and analysis. 
 

Completing the Upslope Inventory Data Form 
Use the Upslope Inventory Data Form to record the location, nature and magnitude of sites of 
future or potential sediment delivery, and include the description of recommended treatments to 
prevent erosion and/or sediment delivery.  Develop the erosion prevention and erosion control 
prescriptions concurrent with the identification and inventorying of sites of current and future 
sediment delivery in the watershed. 
 
There is no substitute for practical experience in the selection and construction of effective 
erosion control treatments.  Previous work supervising or operating heavy earth moving 
equipment and labor crews provides grounding for what is possible to accomplish.  With more 
experience, the better this judgment becomes.  With a job fully described by a completed upslope 
assessment, many heavy equipment operators can provide feedback on project feasibility, safety, 
appropriate equipment types, and reasonable production rates (times) and costs.  Refer to 
restoration implementation methods and cost-estimating techniques, later in Part X, to complete 
the analysis. 
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The Upslope Inventory Data Form is on page X-29.  For detailed instructions to complete the 
form, see Appendix X-A. 
 
Data collected includes information in the following categories: 

• General site data:  Collect and record general site information, including site number, 
site location, road name, maintenance status, name(s) of inventory crew, date of inventory, 
and other relevant data site location and site description information.  

• Site characterization:  Characterize problem areas by their type (e.g., stream crossing, 
gully, landslide, etc.) and by variables that describe their main characteristics.  Completely 
fill out the data form for the relevant problem type.  That is, for stream crossings, 
complete the 23 data fields listed under stream.  Do not fill out questions under the 
landslide category.  For landslides, complete only those questions listed under landslide.  
The data form requires the user to collect qualitative and quantitative data for:  

o Landslide sites – 4 data fields; 
o Stream crossings – 23 data fields; 
o Fish passage– 3 data fields. 

• Erosion quantification:  Evaluate the erosion potential (likelihood of erosion).  Measure 
the site for potential future erosion, and estimate sediment delivery volumes. 

• Comment(s) on problem:  Fully explain site conditions, apparent processes, relationships 
or quantities to more completely describe individual answers provided in the data form.  
Concisely describe the nature of the problem, as a quick abstract of the site and its 
problems. 

• Treatment:  Estimate of the urgency or priority for treating the erosion site.  Identify 
possible treatment options.  Describe and quantify the erosion prevention and erosion 
control treatments identified as the most likely to correct the problem(s).  The treatment 
section of the data form contains the most common types of erosion prevention and 
erosion control treatments encountered, as well as measures that quantify the number or 
magnitude of the proposed treatments (e.g., cubic yards of rock armor or length of 
outsloping).  Note: if you have identified a failure area of unknown type and depth (see 
footnote on data form), treatment prescriptions must be developed in consultation with a 
licensed geotechnical specialist. 

• Heavy equipment excavation data:  Provide a quantitative calculation of excavation 
volumes.  Identify the volume of the spoil material to be used or stored locally, or if it 
must be endhauled by dump trucks.  Excavation volumes and the excavation production 
rate are important elements of this section, as they will determine the estimated equipment 
times that will be required to complete the site work (pages X-39 and X-40). 

• Equipment and labor hours:  Based on the tasks performed, the volumes excavated and 
moved, and the equipment and labor production rates outlined above.  List the number of 
hours required for each piece of heavy equipment and for labor. 

• Comment(s) on treatment: Note any details in the proposed treatments that a contractor 
or equipment operator needs to know to complete the treatment.  Include any specific 
information or insights that describe how to perform the job.  Provide this comment 
section to the operator or contractor to guide them in completing the details of the project 
work for each site.  It might include such information as the number of needed dump 
trucks, the endhaul distances and spoil locations, the specific labor tasks to be completed 
and other notes on completing the work at that particular site. 
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• Survey data:  On the back of the data form, fill in the spatial measurements for all stream 
crossings inventoried in the project area.  For stream crossings only, enter the survey data.  
Use these measurements to calculate potential erosion volumes and excavation volumes 
required to perform the decommissioning or upgrading treatments.  The equations for 
calculating these volumes are in Measuring and Estimating Future Erosion Volumes. 

• Site sketch:  Make a sketch of the site, including any obvious landmarks and features that 
will identify the relationships between features described in the data form.  Include such 
elements as roads, streams, springs, slope gradients, drainage structures (e.g., culverts) 
and erosion features.  Examples of site maps are included in Figure X-3.  Use standardized 
mapping symbols (Table X-3). 



 

 

UPSLOPE INVENTORY DATA FORM 
ASAP (Y, N)______     

Site no: Treat (Y/N): Watershed: Quad: 
GPS: CALWAA: Photo: 
T/R/S: Road name/#: Drivable (Y/N): 
Mileage: Inspector(s): Date: Year built: 
Surface: □ rock   □ native   □ paved Status:  □ maintained   □ abandoned   □ decommissioned 

GENERAL 

Proposed:  □ upgrade   □ decommission Sketch (Y/N): 
Stream crossing (Y/N): Landslide:  □ fill    □ hill    □ cut  Roadbed:  □ bed,   □ ditch,   □ cut  
□ ditch relief culvert □ gully □ bank erosion Road related (Y/N): PROBLEM 
Other non-road related site:  □ home   □ agricultural   □construction   □ mining   □ other site 
□ road or landing fill □ hillslope debris slide1  □ other hillslope landslide (depth unknown)1 
□ cutbank slide  □ potential failure □ past failure Slope (%): LANDSLIDE 
Distance to stream (ft):     
□ culvert □ bridge □ Humboldt □ fill □ ford □ armored fill 
□ excavated crossing  % excavated:   
Ditch road length (ft):  Left: Right: Culvert diameter (in):  
Pipe condition (O, C, R, P):  Inlet: Bottom: Outlet: □ separated  
Headwall (in): Culvert slope (%): Stream class (1,2,3): 
Culvert rust-line (in):  Inlet: Outlet: Culvert undersized (Y, M, N): 
Washed out (%): Diversion potential (Y/N): □ currently diverted 
Road grade (%): Plug potential (H, M, L): Plugged (%): 
Channel gradient (%): Channel width (ft): Channel depth (ft): 

STREAM 

Sediment transport (H, M, L): Drainage area (acres):   
Culvert outlet drop (in): Bankfull drop (in):   FISH 

PASSAGE Pool size bankfull width (ft): Pool size bankfull depth (ft): 
Erosion potential (H, M, L): □ potential for extreme erosion   
Volume extreme erosion (<500, 500-1,000, 1-2K, 2-5K, >5K): Past erosion (yd3) (optional): EROSION 
Past delivery (%) (optional): Total past delivery (yd3):   
Future erosion (ft): Width: Depth: Length: Future erosion(yd3): FUTURE 

EROSION Future delivery (%): Total future delivery (yd3):   
COMMENT(S) ON PROBLEM: 
 
 
 

Immediacy (H, M, L): Complexity (H, M, L):  TREATMENT check culvert size (Y/N): □ bridge □ no treatment Mulch (ft2): 
□ excavate soil □ critical dip □ ford □ armored fill Sill height (ft): 
Sill width (ft): □ trash rack □ Add downspout:  Length (ft): Diameter (in): 
□ repair culvert □ clean culvert □ install/replace culvert  
Culvert: Diameter (in): Length (ft): □ flared inlet: Diameter(in): 
□ reconstr. fill □ armor fill face (U, D, B): Armor area (ft2):  U:          D: 
□ clean or cut ditch, (ft):   □ remove ditch, (ft):  
□ outslope road, (ft): □ outslope & remove ditch, (ft): 
□ outslope & retain ditch, (ft): □ inslope road, (ft): 
□ rolling dip, (#): □ remove berm, (ft):  
□ ditch relief culvert, (#): Length (ft): □ rock road surface, (ft2): 

TREATMENT OPTIONS 

□ cross road drain, (#): □ other:   
Total vol. excavated (yds3): Volume put back in (yds3):  
Volume removed (yds3): Volume stockpiled (yds3):  
Volume endhauled (yds3): Distance endhauled (yds3):  

HEAVY EQUIPMENT 
EXCAVATION DATA 

Excavation production rate: (yds3/hr):   
Excavator: Dozer: Backhoe: Grader: Loader: EQUIPMENT HOURS Dump truck: Labor: Other:  

COMMENT(S) ON TREATMENT: 
 
 
 
1 Consultation with a licensed geotechnical specialist is required to estimate slide volumes and to evaluate or develop treatment options.  The location of these 
features should be noted on the field form and on maps, but the inventory crew should not estimate the sediment volumes for calculation of cost-effectiveness. 
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Completing the Stream Bank Inventory Data Form 
Use the Stream Bank Inventory Data Form to assess past, ongoing and potential stream bank 
erosion, including anything that can be said about the nature, cause, and magnitude of the 
problem, and potential treatment options.  In addition, use the inventory form to identify and 
classify erosion problems along stream channels, prioritize potential work sites, and prescribe 
specific treatments aimed at protecting stream channels and fish habitat.  Part III describes 
methodologies for stream channel classification and inventory protocols for assessment of stream 
habitat, large woody debris, and riparian inventories. 
 
The Stream Bank Inventory Data Form provides the standardized DFG protocol for evaluating 
stream-related erosion and identifying erosion control options.  Use it to evaluate all types of 
riparian sediment sources.  Where roads are in close proximity to a stream channel, there may be 
individual sites described by both an Upslope Inventory Data Form and a Stream Bank Inventory 
Data Form.  If the proposed treatments are sufficiently different, retain both forms to describe the 
same location.  However, do not duplicate recommended treatments and treatment times.  Using 
the Stream Bank Inventory Data Form, field personnel can measure, describe and make initial 
interpretations about landforms and erosion problems in a consistent and uniform manner.  Enter 
the data into an electronic database.  Prepare a prioritized erosion control plan. 
 
The data collected should provide information that both quantifies sites of future erosion and 
leads to a cost-effective treatment of stream bank sites.  The form is on page X-33.  The detailed 
instructions for completing each field are in Appendix X-B. 
 
The data collected includes information in the following categories: 

• General site data:  Record the general site information, including site number, site 
location (station number and bank side), stream name, names of inventory crew, date of 
inventory, other relevant data site location, and site description information. 

• Problem type:  Characterize the apparent nature of the problem (e.g., debris slide, 
hillslope failure of unknown depth, bank erosion, log jam, etc.) and by variables that 
describe their main characteristics, such as activity level, age, gradient of eroding 
hillslope, land use and the degree of stream undercutting. 

• Erosion quantification:  Classify the erosion potential (likelihood of future erosion). 
Record measurements of expected future erosion and sediment delivery volumes, as well 
as measurements of length, width and depth of past erosion scars.  

• Comment(s) on problem:  Explain any site conditions, processes, relationships or 
quantities needing more detail than the individual answers provided in the data form.  In 
addition, use this space to describe the nature of the problem, as a quick abstract of the site 
and its problems. 

• Treatment:  Evaluate and record the urgency or priority of the proposed treatment 
(Treatment Immediacy), the expected complexity of the project work, heavy equipment 
and labor needs, access difficulty, and material needs.  

• Treatment options:  Describe and quantify the specific erosion prevention and erosion 
control treatments thought most likely to correct the problem identified.  List the 
recommended treatment(s) for the site, including excavation volumes (except as noted for 
debris slides and deeper hillslope failures), structures, fencing, and likely vegetation 
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measures.  The treatment section of the data form contains many common types of erosion 
prevention and erosion control treatments for stream banks.  If necessary, design specific 
solutions for sites that require unique erosion control treatments.  Describe these 
treatments in the Comment(s) on Treatment section.  Provide a full accounting of material 
needs for the project.  Note: if you have identified a failure area of unknown type and 
depth (see footnote on data form), treatment prescriptions must be developed in 
consultation with a licensed geotechnical specialist. 

• Equipment and labor hours:  Based on the required tasks, the excavation volumes, and 
the equipment and labor production rates, list the number of hours required for each piece 
of heavy equipment and for the labor to construct structures and/or plant the site. 

• Comment(s) on treatment:  Note any details in the proposed treatments that a contractor 
or equipment operator needs to know to perform the treatment.  Include any specific 
information or insights that describe how to complete the job.  Provide this information to 
the operator or contractor to guide them in completing the details of the project work for 
each site.  Include such information as the number of dump trucks needed, the endhaul 
distances and spoil locations, the specific labor tasks to be completed and other notes on 
completing the work at that particular site. 

• Site sketch:  Make a sketch of the site, including any obvious landmarks and features that 
will identify the relationships between features described in the data form.  Include such 
elements as roads, streams, springs, slope gradients, log debris accumulations, bedrock 
exposures, and erosion features.  Use standardized mapping symbols (Table X-3). 

 



 

 

STREAM BANK INVENTORY DATA FORM 
Site no: Distance (ft): Date: Inspector(s): 

Watershed: Stream: GENERAL 

Air photo: Location (LB, RB, B): □ road related Treat (Y/N): 

□ debris slide □ debris torrent1 □ hillslope failure of unknown depth and activity2 

Type: 
□ torrent / debris flow channel1 □ bank erosion □ LDA 3 □ other 

Delivery:  □ past □ future □ both Apparent activity (A, IA, W): 

Age (decade):  Stream bank slope (%):   

PROBLEM 

□ land use □ undercut by stream    
PAST 

EROSION Width (ft): Depth (ft): Length (ft): Volume (yd3): 

Future erosion potential (H, M, L): Width (ft): Depth (ft): FUTURE 
EROSION Length (ft): Volume (yd3): 

COMMENT(S) ON PROBLEM: 

 

 

 
Immediacy (H, M, L): Complexity (H, M, L): Equipment or labor (E, L, B): 

TREATMENT 
Equipment access (E, M, D): □ local materials □ import materials 

□ excavate soil Width (ft): Depth (ft): Length (ft): Volume (yds3): 

□ rock armor/buttress  rock armor size (ft or ton): rock armor area (ft2): 

Log size: Length (ft): Diameter (ft): 
□ log protection 

Bank length protected (ft): Bank area to cover (ft2): 

□ remove logs/debris  □ boulder deflectors 

Deflectors (#): Deflector (yd3): □ bio-engineering 

□ plant erosion control □ riparian restoration Area planted (ft2): 

TREATMENT 
OPTIONS 

□ exclusionary fencing Length of fence (ft): □ other  
EQUIPMENT 

HOURS Excavator: Dozer: Dump truck: Backhoe: Labor: Other: 

COMMENT(S) ON TREATMENT: 
 

 

 
1  A debris torrent is a mudflow that originates as a debris slide and then fluidizes (through the addition of water) and flows down a stream 
channel.  It typically ends as a deposit or dam of poorly sorted sediment and woody debris in a lower gradient section of channel.  The process is 
the mudflow; the evidence of that process is the scoured channel through which the flow passed, and the sediment and debris that is deposited at 
the end of the flow path.  The activity level is typically that of the potential debris slide that would form the source of the mudflow.  Note: if you 
have identified a potential hillslope debris slide, treatment prescriptions must be developed in consultation with a licensed geotechnical 
specialist. 
2  If a failure of unknown type and depth is identified, treatment prescriptions must be developed in consultation with a licensed geotechnical 
specialist. 
3  LDA is a log jam or accumulation of logs and woody debris in the channel; that is causing bank erosion or other erosion and sediment 
delivery problems. 
Sketch on back. 
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Measuring and Estimating Future Erosion Volumes 
A critical step in conducting a sediment source inventory is the quantification of erosion and 
sediment delivery volumes.  Sediment delivery volumes and excavation volumes are the key 
variables needed for the computation of treatment cost-effectiveness and creating a watershed 
restoration plan.  Excavation volumes are important for the derivation of heavy equipment times 
and costs for restoration work. 

Surface Erosion Volumes 
It is difficult to estimate sediment delivery volumes from surface erosion processes, because 
different soils have markedly differing propensities for erosion, and because surface erosion is a 
chronic process that may occur every storm.  Use the following surface lowering rates (erosion 
rates in feet/year) to provide a gross estimate of erosion from bare soil areas: 

• Cutbanks and continually bare soil areas Low-0.01;  Moderate-0.03;  High-0.05 
• Native surfaced (unimproved, dirt) roads 0.03 
• Rock surfaced roads    0.02 

 
Any unusual circumstances, such as high amounts of runoff or the presence of highly erodible 
soils, such as sand, may increase the surface-lowering rate.  Use local site conditions and field 
evidence when assigning these rates.  Calculate chronic surface erosion volumes from persistently 
bare areas on an annual basis, assuming overall conditions and use patterns remain unchanged.  
Estimate sediment delivery volumes from surface erosion processes as follows: 

• Qs = [(A x E)/27] x T x D, where 
• Qs = sediment delivery (yds3) from surface erosion; 
• A = exposed area (ft2);  
• E = erosion or lowering rate (feet/year); 
• T = time (years); 
• D = delivery ratio (percent of erosion that is delivered to the stream). 

 
For example, estimate 10 years of sediment delivery from a 500-foot section of actively used, 
rock-surfaced, 18 feet wide insloped road; that is 10 feet high; with a 50% bare, moderately 
erodible cutbank; that drains to the inlet of a stream crossing with a culvert, as follows:  

• Road surface: A = 500' x 18' = 9,000 ft2 
   E = 0.02 ft/yr 

T = 10 years 
• Cutbank: A = (500' x 10') ft2 x 0.50 (only 50% of the cutbank is bare and eroding) 

   E = 0.03 ft/yr 
   T = 10 years 

• Qs = [((500 x 18) x 0.02)/27 + ((500 x 10x0.50) x 0.03)/27]  x 10 years  x 100% 
  = (6.7 + 2.8) yds3 x 10 years x 100% 
  = 95 yds3 (assumes 100% delivery from the contributing areas)
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This generalized methodology of estimating sediment delivery from road surfaces allows for an 
order-of-magnitude estimate of sediment delivery that is suitable for use in evaluating the cost-
effectiveness of proposed restoration work.  Modify assumptions and rates according to local 
conditions.  Sediment delivery rates for surface erosion can be variable.  If the area encompassed 
by the analysis is limited to that which drains directly into a stream channel, delivery rates of 
100% are reasonable. 

Fluvial Erosion Volumes 
Estimate future fluvial erosion volumes for the following: 

• The expansion of existing gullies (including culvert outfall erosion); 
• The creation of new gullies (usually from predicted stream diversions); 
• Stream crossing washouts; 
• Stream bank erosion. 

 
Existing Gullies 
Existing, active gullies can continue to enlarge by lengthening, widening and deepening until they 
become stable.  These final dimensions, and hence future erosion, involve estimating future 
increases in gully width and depth.  If flow conditions are unchanged, then the potential for future 
gully expansion can be inferred based on observed dimensions and behavior.  If the gully is no 
longer down cutting, most erosion will be limited to gradual bank retreat and collapse.  In this 
case, future erosion consists of vertical gully walls (side slopes) laying themselves back to a 
stable slope angle of about 1:1.  If the gully still exhibits potential for future down cutting, then 
estimate how much deeper the gully will get over the length of gully.  The gully will still be 
assumed to eventually develop 1:1 side slopes, and the amount of additional down cutting can be 
quantified as a rectangle (i.e., length x width x depth). 
 
New or Future Gullies 
In cases where it is predicted that a new gully will form, such as from a predicted stream 
diversion, then gully dimensions and lengths must be estimated from analogous sites nearby, or 
from thoughtful and well documented assumptions.  Estimating future gully erosion is very 
difficult because the future path of the gully is hard to predict, gully erosion rates are generally 
unknown and variations in soil depth and erodibility, which control gully volumes, vary greatly.  
Estimates of gully erosion must be reasonable compared to similar documented sites nearby or in 
comparable areas.  Delivery rates are typically high (75% - 100%) for gullies formed by stream 
diversions, but the figure should be supported by site observations and conditions. 
 
Stream Crossings 
Measure stream crossing fills to determine washout volumes, excavation volumes, and equipment 
times needed to perform various upgrading or decommissioning tasks.  Crossing geometries are 
complex; therefore, estimating the volume of fill material contained in stream crossings requires a 
systematic approach and technique.  There are three acceptable methods:   

• Using field measurements, determine average dimensions and multiply width, depth and 
length to estimate volume (divide ft3 by 27 to get yds3); 

• Taking systematic field measurements, use equations of plain geometry and end-area 
computations to calculate crossing volumes; 
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• Utilizing simple field surveys and a specialized computer program perform volume 
calculations and design treatments.   

 
The more rigorous and systematic the computational method, the better will be the outcome of the 
calculations and volume estimates.  Use the diagrams, measurements and equations shown in 
Figure X-5 and Figure X-6 to develop a quantitative estimate of stream crossing volume.  Figure 
X-7 and Figure X-8 give examples of Type 1 and 2 volume calculations.  The Upslope Inventory 
Data Form contains the data fields needed to perform volume calculations for each of three types 
of stream crossing geometries (Type 1, Type 2 and Type 3). 
 
Stream Crossing Washouts 
Base the predicted volume of a stream crossing washout on field measurements and geometric 
calculations that determine the volume of fill in the crossing (Figure X-5 and Figure X-6).  Unless 
there are local indications to the contrary, assume that the gully, which forms from a full stream 
crossing washout, will eventually scour down to and assume the original pre-road channel profile.  
In addition, assume that it will have the same width dimensions as the natural high flow channel 
upstream from the crossing, and that the left and right side slopes to the washed out crossing will 
form a 1:1 slope (45Ε or 100%).  From these assumptions, use geometry to calculate the predicted 
washout volume.  Because the majority of potential sediment delivery sites in a watershed may 
occur at stream crossings, the accuracy and reproducibility of the volume estimate is critical.  
Perform simple tape and clinometer surveys, combined with geometric calculations, to ensure 
accuracy and reproducibility.  Assume 100% delivery of sediment to the stream for washed out 
stream crossings. 
 
Material used to fill-in a stream channel when a road is constructed is often irregular in shape.  
Generally, most of the fill would eventually be lost if the culvert plugged and the crossing fill 
washed out.  Use simple geometry to develop an estimate of the stream crossing volume for the 
three basic types of stream crossings (Figure X-5 and Figure X-6).  The volume of fill material 
contained in a Humboldt crossing is sometimes significantly more difficult to estimate because of 
uncertainties in the depth and volume of the logs and slash buried when the crossing was built.  
The volume of material in landings constructed in stream channel valleys prior to implementation 
of the Forest Practices Act (1973) is also difficult to estimate using simplified field measurement 
techniques.  This is primarily because the original stream valley configuration has been 
obliterated by earthmoving.   
 
Stream Bank Erosion 
Base the predicted erosion volume at each stream bank site on documented site conditions and 
measurements that support logical assumptions and observed bank retreat rates or erosion 
dimensions from comparable sites nearby.  Assume all stream bank erosion will result in 100% 
sediment delivery (since the erosion is occurring within a stream channel).  Calculate stream bank 
erosion by assuming a bank retreat rate (i.e. depth of erosion landward from the creek) and 
multiplying this by the length and height of the eroding bank. 
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Type 1 
(Collect L2, A2, L3, 
A3, L4, A4, C, all other 
fields default to 0) 
 
 
 
 
 
 
 
Type 2 
(Collect L1, A1, L2, 
A2, L3, A3, L4, A4, C) 
 
 
 
 
 
 
 
 
 
Type 3 
(Collect L3, A3, L4, 
A4, C, all other fields 
default to 0) 
 
 
 
 
 
 
 
 
 

Length of sediment fan (L1):______ft Angle of sediment fan (A1):______degrees 

Length of inboard fillslope (L2):______ft Angle of inboard fillslope (A2):______degrees 

Length of road bed (L3):______ft Angle of road bed (A3):______degrees 

Length of outboard fillslope: (L4):______ft Angle of outboard fillslope (A4):______degrees 

Field 
data 

Channel width (C):______ft  

Figure X-5. Geometric designs for determining typical stream crossing volumes and 
excavation volumes for upgrading and decommissioning the three main types 
of crossings. 
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Calculations 

H1 = L1(cosA1) = ______′*(cos(______)) = ______ft 
H2 = L2(cosA2) = ______′*(cos(______)) = ______ft 
H3 = L3(cosA3) = ______′*(cos(______)) = ______ft 

Horizontal 
components 

H4 = L4(cosA4) = ______′*(cos(______)) = ______ft 
V1 = L1(sinA1) = ______′*(sin(______)) =  ______ft 
V2 = L2(sinA2) = ______′*(sin(______)) =  ______ft 
V3 = L3(sinA3) = ______′*(sin(______)) =  ______ft 

Vertical 
components 

V4 = L4(sinA4) = ______′*(sin(______)) =  ______ft 

Fall rate F = (V1+V2+V3+V4)/(H1+H2+H3+H4) =  
(______+______+______+______)/(______+______+______+______) =____ft 
D1 = V1-(F*H1) = ______-(______*______) = ______ft 
D2 = (V1+V2)-(F*(H1+H2)) = ______-(______*(______+______)) =  ______ft Depth 

calculations D3 = (V1+V2+V3)-(F*(H1+H2+H3)) =  
    ((______+______+______)-(______*(______+______+______)) =  ______ft 
XSA1 = C*D1+(D1)2 = (______*______)+(______)2 = ______ft2 
XSA2 = C*D2+(D2)2 = (______*______)+(______)2 = ______ft2 

Cross section 
area 
calculations XSA3 = C*D3+(D3)2 = (______*____)+(______)2 = ______ft2 

Volume Calculations 

Vol TOP to IBF (T2) = 1/3*(XSA2*H2) = 1/3*(______*______) = ____ft3 
Vol IBF to OBF (T3) = 1/2*(XSA2+XSA3)*H3 =  
   1/2*(______+______)*______) = ______ft3 

Type 1 
Crossing 

Vol OBF to BOT (T4) = 1/3*(XSA3)*H4 = 1/3*(______*______) = ____ft3 

Vol TOP to IBT (T1) = 1/3*(XSA1*H1) = 1/3*(______*______) = ____ft3 

Vol IBT to IBF (T2) = 1/2((XSA1+XSA2)*H2) =  
   1/2*(______+______)*______ = ______ft3 
Vol IBF to OBF (T3) = 1/2*(XSA2+XSA3)*H3 =  
   1/2*(______+______)*______ = ______ft3 

Type 2 
Crossing 

Vol OBF to BOT (T4) = 1/3*XSA3*H4 = 1/3*______*______ = ______ft3 

Vol TOP to OBF (T3) = 1/3*(XSA3)*H3 = 1/3*(______*______) = ____ft3 Type 3 
Crossing Vol  OBF to BOT (T4) = 1/3*(XSA3)*H4 = 1/3*(______*______) =  ___ft3 
Total 
Volume 
Calculation 

T(t) = (T1+T2+T3+T4)/27 = (______+______+______+______)/27 =____  yds3 

Figure X-6. Calculations for determining typical stream crossing volumes and excavation 
volumes for upgrading and decommissioning the three main types of 
crossings.
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Figure X-7. Sample calculations showing derivation Type 1 stream crossing volumes. 
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Figure X-8. Sample calculations showing derivation Type 2 stream crossing volumes. 
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Landslide Erosion Volumes 
Landslide stabilization is generally outside the scope of this document.  CGS Notes 50 (CGS 
1999) and 40 (CGS 1983-1995) provide descriptive information on larger landslide types in steep 
forested terrain, and where these have been mapped as a part of the Watershed Mapping Project, 
respectively.  These can be used for general planning purposes, and to identify watershed areas 
that have been mapped as unstable.  They are generally not suitable for the measurement of 
landslide volumes, as the slides that have been identified and mapped are large and outside the 
scope of straightforward erosion and sediment control practices.  However, the volumes of some 
of the simplest and smallest types of landslides can be measured from voids or “holes” left in the 
ground after the failure occurs or from field evidence of the boundaries of such landslides before 
they completely fail and move off site (e.g., small slides that occur on road fillslopes).   
 
Except for debris flows and hillslope failure areas of unknown depth (as previously noted), 
compute future landslide volumes from estimated length, width and depth measurements taken in 
the field.  The estimated sediment delivery to a stream is difficult to estimate and can range from 
5% to 95%.  Factors such as the distance the sediment must travel to the stream, hill shape and 
slope, soil moisture, vegetation and other factors influence the expected range of sediment 
delivery.  A useful technique is to ask if the slide would deliver more or less than fifty percent of 
the potential slide mass to the stream.  Often, the answer is obvious and it will provide a focus for 
making finer estimates by continuing to divide the remaining volumes in a like manner until the 
answer becomes uncertain.  At that point of uncertainty, stop the division process and use the last 
confident answer for the estimate of delivery volume.  This simple line of questioning will 
generally produce an acceptable estimate for determining sediment delivery volumes at each 
potential landslide fill failure.  All but the smallest landslides can be very complex features and 
the development of effective treatment options more often than not will require consultation with 
a licensed geotechnical specialist.   
 
Over-steepened Road and Landing Fills 
Over-steepened fills typically consist of un-compacted sidecast materials, bulldozed onto steep, 
potentially unstable fillslopes.  Unstable sidecast usually involves limited volumes of sediment 
when they fail by debris sliding, and these quantities can be estimated easily using simple 
geometric measurements of length (down slope), width (distance along the road) and average 
depth.  The most common type of preventable or controllable landslide is the failure that develops 
from road or landing sidecasting on steep slopes.  It is also the most common and most treatable 
source of road-related sediment delivered to streams in many watersheds. 
 
The volume of a potential road-related sidecast failure is not difficult to estimate because the 
minimum average depth of the potential slide is typically the average depth of the sidecast 
material placed on the hillslope.  The length of the potential slide is the length of the fillslope’s 
sidecast material from the crown scarp to the base of the fill.  Estimate the potential landslide 
width based on the boundaries of the over-steepened and visibly unstable sidecast material, or 
based on visible cracks and scarps that bound the potentially unstable material. 
 
Headwater Swales (Potential Landslides) 
Unlike simple sidecast failures, debris slides from steep headwater swales are more difficult to 
predict.  They usually incorporate original ground beneath the road fill and often grow much 
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larger as they move down the steep swales and channels, scouring debris from the channel bed.  
This makes their final volumes frequently much larger than that estimated at the initiation site 
itself.  Often, the occurrence and volume of such slides is highly uncertain and requires 
professional geologic analysis.  Because it is difficult to accurately identify and quantify such 
sites of extreme erosion, note their potential location on the field form and on maps, but do not 
estimate their volumes for calculating treatment cost-effectiveness.  Later in the process, query 
the database for the sites that exhibit a potential for extreme erosion and include them in the 
development of the final implementation plan only after review by a licensed geotechnical 
specialist. 
 
Large Earthflows and Landslides of Unknown Depth and Activity 
The future volumetric yield of deep-seated landslides can be equally difficult to estimate largely 
because they move episodically, at unpredictable rates and they occasionally self-stabilize over 
time.  These types of landslides are often natural features and may not be affected or caused by a 
road or other land use (the road may be simply going along for the ride).  Evaluating and 
developing treatment options will require consultation with a licensed geotechnical specialist.  
Typically, there are few cost-effective treatments that will slow or prevent these slides from 
moving or delivering sediment to the stream. 
 

ANALYSIS AND REPORTING OF ASSESSMENT DATA 
Use data analysis to convert field inventory information into conclusions.  Use the conclusions to 
assemble a prioritized summary report (Appendix X-C).  Set up the database, enter and clean the 
data, then complete the analysis.  Analysis steps include generating erosion volume calculations, 
treatment volume calculations, costing out projects, cost-effectiveness analyses and sorting for 
prioritization prior to initiating restoration work. 
 

Database Management 
Data analysis can be complicated, but it is a critically important part of an assessment project that 
leads to restoration.  To efficiently sort, analyze and prioritize a large number of work sites in an 
assessment area it is important to utilize an electronic database.  To prepare a database for data 
analysis; 

• Set up database structure:  Set up the database structure on paper, based on the field 
forms presented on pages X-29 and X-33 and then program the electronic database.  
Perform this step as a part of the initial preparations for the watershed assessment.   

• Complete any blank data fields:  Fill any blank database fields left unanswered from the 
field inventory prior to data entry and analysis.  This could include data that was not 
available during the field inspection, such as drainage area measurements or volume 
calculations that were available only after the field inventory, as well as inadvertent 
omissions (which might require a second field visit). 

• Enter data in database:  Enter the data for analysis.  Analysis of partial data sets may be 
useful to break down the assessment area into smaller management units, such as an 
individual landowner, a logical hillslope unit or high priority sub-watershed as stand-alone 
elements of the larger assessment area.  This is most useful when conducting very large 
watershed assessments.  In this manner, individual restoration plans can be developed for 
the smaller management area as the larger assessment effort is still underway, and 
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prioritized treatments can begin in areas where early assessment work has already been 
completed. 

• Clean data:  Once entered, perform preliminary data searches to identify any blank data 
fields and any mistakes in data entry.  Data cleaning is the last step prior to analysis.  
Perform data cleaning to make sure the necessary data is both present and internally 
consistent.  Electronic data searches (reports) involving a number of related data fields 
(such as all questions related to stream crossings, or all questions related to treatments) 
should be viewed on the screen or in printed format as data tables so that any data 
inconsistencies or blank data fields will be visibly obvious.  It may take several data 
searches, involving a variety of interrelated fields and combinations of fields to determine 
if all the data is there, and that it is present in the correct format. 

• Revisit selected sites and complete database:  Enter data that is missing or inconsistent 
and needs correction.  Errors in data entry are easy to correct.  Inadvertent omissions 
during field inventory work can sometimes be clearly determined from the other 
information that is on the paper form.  If important data is missing from the form or it is 
clearly inaccurate a re-inspection of the site is necessary.  For efficiency, it is generally 
best to schedule site re-inspections after all data cleaning has occurred. 

 
Analyzing the Inventory Data 

Data analysis can only occur when all the inventory information has been collected, properly 
entered in the database, and cleaned.  The use of a database allows for rapid data analysis.  
Perform searches to isolate the nature, frequency and magnitude of a host of problems and 
treatments.  Specific searches might include analyses that look at the frequency and cause of 
potential sediment delivery associated with each sediment source (landsliding, fluvial erosion and 
surface erosion).  Searches might include an analysis of all stream crossings, looking for the 
frequency of undersized culverts, stream crossings with a diversion potential, or active culvert 
outlet erosion, among others. 
 
Data tables developed for the summary report contain information regarding the number of sites 
recommended for treatment, erosion potential, treatment immediacy (priority), sediment savings, 
recommended treatments, excavation volumes, estimated heavy equipment and labor hours and 
costs.  Proposed restoration plans may be grouped a variety of ways, for example geographically, 
according to the number of high priority sites they contain, the expected volume of future 
sediment delivery, or the number of undersized culverts on stream crossings with a high diversion 
potential.  Appendix X-C contains examples of a number of assessment data tables that are useful 
for displaying the results of the sediment source inventory. 
 

Estimating Costs 
Use the sediment source assessment to develop cost estimates by employing the following steps: 

• Problem identification - determine the population of potential treatment sites; 
• Problem quantification - accuracy in calculating excavation volumes is critical in 

predicting heavy equipment times and project costs (Figure X-5 and Figure X-6); 
• Determine equipment needs - select heavy equipment based on desired capabilities and 

types.  Picking the wrong equipment can severely inflate costs above predicted levels; 
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• Estimate production rates and equipment times – selection of appropriate equipment 
production rates is critical in determining heavy equipment times for each site; 

• Estimate equipment costs - use locally appropriate rates for heavy equipment rental 
(cost/hour), and a logistic multiplier of 20% to 30% for prescribed site treatments (number 
of hours x 0.2 or 0.3).  This should cover equipment travel times, consultations with the 
operator and most unforeseen complications.  Finally, develop cost estimates that cover all 
needed road drainage work between sites; 

• Estimate road opening costs (hours x cost rate) for either upgrading or decommissioning 
abandoned roads or for treating off-road sites.  Access costs will be dependent on 
maintenance status and degree of revegetation on the abandoned road; 

• Estimate equipment mobilization costs - mobilization costs include lowboy transportation 
for moving heavy equipment to the project area and are dependent on equipment 
availability and lowboy rental rates; 

• Calculate materials costs including culverts, road rock, riprap sized rock, filter fabric, 
seed, mulch, tools, etc.; 

• Calculate labor costs and apply to the labor hours itemized on the data forms for each site.  
Use a locally reasonable labor rate (cost/hour); 

• Calculate indirect costs including coordination, ordering, field layout, technical oversight 
(such as by restoration specialists, or professional engineers and geologists) reporting, 
monitoring, administrative and contracting costs.  This requires an assessment of the hours 
for each task and the labor rate applied to the work.  The required amount of on-the-
ground supervision time with the heavy equipment or with labor crews will depend on the 
experience of the work crews.  Inexperienced operators and laborers need more oversight. 

 
Predicting Cost-effectiveness  

Define the cost-effectiveness of treating a restoration work site as the average amount of money 
spent to prevent the delivery of one cubic yard of sediment from entering the stream system 
(Weaver and Sonnevil 1984).  Cost-effectiveness is determined by dividing the cost of accessing 
and treating one site, or group of sites, by the volume of sediment delivery prevented to a stream 
channel.  For example, if it would cost $3,500 to access and treat an eroding stream crossing that 
would have delivered 250 yds3 (had it been left to erode), the predicted cost-effectiveness would 
be $14/yd3 ($3500/250 yds3).  The key elements in determining cost-effectiveness are a fair and 
accurate estimate of future sediment delivery (in the absence of treatment) and a reasonable 
estimate of treatment costs. 

Controls on Cost-effectiveness  
A variety of factors control the ultimate cost-effectiveness of the restoration work that is being 
proposed (Weaver et al 1981).  Some of these are predictable and controllable, and others are not.  
Ultimately, factors that affect either the cost of the work, the potential volume of sediment 
delivery or the effectiveness of sediment control treatments will control cost-effectiveness.  The 
more that is done to reduce costs, decrease sediment delivery and increase treatment 
effectiveness, the greater will be the cost-effectiveness of the restoration project. 
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Costs 
Of all the factors controlling cost-effectiveness, cost factors are the most amenable to 
manipulation.  Controls on restoration costs include many obvious factors and some more subtle 
elements.  These include:  

• Goals and objectives of the restoration:  goals and objectives establish the level of effort 
that will be undertaken, and ultimately control cost-effectiveness; 

• Hourly equipment rental or contract rates:  all else equal, the higher the rental rate, the 
lower will be the cost-effectiveness of the resultant restoration work;  

• Choice of heavy equipment types and sizes; 
• Skill and experience of the equipment operator; 
• The magnitude of indirect costs, such as administration, contracting, overhead, profit, 

supplies and other indirect expenses that diminish cost-effectiveness;  
• A large influence on treatment cost-effectiveness can result from incorrect identification 

of the problem, incorrectly estimating potential sediment delivery volumes, and/or 
recommending inappropriate or ineffective treatments; 

• The design standards of the treatment:  culvert sizing and excavation geometry (side slope 
steepness for decommissioned crossings have a substantial influence on restoration costs - 
the higher the standard, the higher the cost); 

• The method of contracting including fixed price, hourly rental, or cost-plus.  There is 
often a significant difference between total restoration project costs under fixed price 
(minimum bid) contracting and hourly equipment rental; the former frequently being more 
costly;  

• Road reopening and other mobilization costs:  these include the costs of clearing and 
opening access on abandoned roads and for hauling equipment to or within the project 
area.  The higher these indirect expenses are, the greater their negative effect on cost-
effectiveness; 

• Choice of specific treatments used to prevent or control erosion:  even if a number of 
methods are equally effective at preventing or controlling sediment delivery, the more 
costly approaches will be less cost-effective;  

• Secondary treatments:  if secondary erosion control treatments (e.g., check dams, rock 
armor or other hand labor treatments) are recommended, primary project cost-
effectiveness will diminish because these treatments are typically expensive compared to 
the amount of sediment prevented from delivery to a stream channel (Weaver and 
Sonnevil 1984). 

 
Sediment Delivery Estimates 
Variables that affect estimated sediment delivery and project cost-effectiveness include the 
interpretation of a potential site, the inventory methods, assumptions, and measurement accuracy 
reported and used.  Inflated sediment delivery volumes exaggerate the sediment savings and cost-
effectiveness.  Similarly, if the volume of future delivery is understated, then the project will not 
look as cost-effective as it might actually be.  Achieve controls on sediment delivery estimates 
using appropriate: 
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• Volume calculation methods (assumptions and methods for calculating or estimating 
potential failure volumes for landslides, and potential erosion volumes for stream 
crossings, gullying and surface erosion).  Volume calculations should be repeatable and 
sufficiently accurate; 

• Sediment delivery estimates (methods and assumptions for determining the delivery ratio 
for potential landslides, fluvial erosion and surface erosion processes); 

• Sediment loss assumptions (assumptions made about how much erosion and sediment 
delivery would actually occur at a site before the problem was corrected); 

• Erosion rate and amortization assumptions (assumptions made about the rate of erosion 
and the duration over which erosion and sediment delivery is calculated, especially for 
large landslides, gullying, stream crossing washouts, bank erosion and surface erosion).  

 
Treatment Effectiveness 
The effectiveness of erosion prevention and erosion control measures has a significant influence 
on sediment delivery to stream channels from inventoried sites.  Certain techniques are nearly 
100% effective at preventing sediment delivery (such as completely excavating a potentially 
unstable fillslope).  Others are partially effective (e.g., disconnecting road surface runoff from 
stream channels to cut off road drainage and prevent fine sediment delivery).  Measure treatment 
effectiveness by the volume of sediment prevented from delivery to a stream, not on the amount 
of dirt moved by heavy equipment or by the volume of soil erosion that is controlled or 
prevented.  Treatment effectiveness varies according to the process and the erosion prevention 
technique that is applied. 
 
Surface Erosion 
Surface erosion processes are sometimes controllable and preventable (through the application of 
mulching and seeding).  More importantly, controlling sediment delivery from surface erosion 
sites is usually highly effective (through diversion and dispersion of runoff). 
 
Fluvial Erosion 
A number of cost-effective treatments can effectively prevent most gullies.  For example, 
dewatering existing gullies can be nearly 100% effective in preventing continued erosion and 
sediment delivery.  Gully control is less effective and more costly than gully prevention, and 
preventing sediment delivery from an eroding gully is very difficult. 
 
Landslides 
Landslide size and accessibility influence treatment cost-effectiveness.  Streamside landslides, 
non-road landslides (i.e., poor access) and large landslides have low treatment cost-effectiveness 
and are very difficult to treat.  Treating small potential landslides or excavating a large proportion 
of the material on larger landslides can result in a high level of effectiveness. 
 

Evaluating Treatment Priorities 
Evaluate treatment priorities by considering factors and conditions associated with each potential 
sediment delivery site: 

• Delivery volume - the expected volume of sediment to be delivered to streams; 
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• Erosion potential - the potential for future erosion (high, moderate, low); 
• Access and access costs - the ease and cost of accessing the site for treatments; 
• Treatment costs - recommended treatments, logistics and costs; 
• Treatment immediacy - the urgency of treating the site; 
• Treatment cost-effectiveness - money spent per cubic yards saved. 

 
Proposed work should meet pre-established cost-effectiveness criteria, and this often forms the 
basis for restoration prioritization.  However, other local factors may also be considered.  For 
example, factors such as the protection of potable water supplies, sensitive resources at risk, or 
other beneficial uses may assume a significant role when developing final restoration priorities.  
The prioritization criteria will be a function of the goals of the restoration project. 

Prioritizing Restoration by Cost-effectiveness 
Cost-effectiveness calculations directly and indirectly integrate a number of the most commonly 
employed factors used for prioritizing restoration work.  By using the cost-effectiveness formula, 
a comparison of proposed projects is possible using the same criteria: reducing accelerated 
erosion and keeping the greatest volume of eroded sediment out of the watershed's streams for the 
least amount of money.  The sites selected for eventual treatment are the ones expected to 
generate the most cost-effective reduction in sediment delivery to the drainage network and the 
mainstem stream channel.  The larger the potential future contribution of sediment to streams, the 
more important it becomes to evaluate the project for cost-effectiveness. 
 
After prescribing treatments and evaluating all costs, employ cost-effectiveness calculations and 
other criteria to prioritize all the sites for actual treatment.  Use cost-effectiveness as a tool to 
prioritize potential treatment sites throughout the assessment area.  Sites, or groups of sites, that 
have a predicted marginal cost-effectiveness value for the particular region, or have a lower 
erosion potential or treatment immediacy, or low sediment delivery rates, are less likely to receive 
funding from agencies that administer cost share grant programs.  Address these sites when 
conducting future management activities, or if heavy equipment is performing routine 
maintenance or restoration work on nearby, higher priority sites. 

Criteria for Cost-effective Treatments 
For consideration of priority treatment, a site should typically exhibit: 

• Potential for significant sediment delivery to a stream channel that directly or ultimately 
results in delivery to a fish-bearing stream.  Significance of delivery is guided by the 
minimum inventory volume established for the watershed assessment; 

• A high or moderate treatment immediacy; 
• Favorable cost-effectiveness. Project cost-effectiveness is different for similar projects in 

different areas of California.  This rate varies regionally, and changes over time due to 
inflation and changes in related costs.  For example, the cost of similar projects is 
generally lower in the northern-most counties such as Humboldt or Del Norte as compared 
to the Bay Area from Sonoma to Monterey County.  Furthermore, in the case of high 
value refuge streams and/or watersheds with listed species, domestic water supplies or 
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other high value downstream resources, exceptions to cost-effectiveness criteria can be 
justified.  Consultation with DFG fisheries staff can help with this determination. 

 
Site Groupings 
In most cases, apply cost-effectiveness to a group or groups of sites so that the most cost-effective 
groups of projects are undertaken first.  For example, during road decommissioning, groups of 
sites are usually considered together because there will be only one opportunity to treat potential 
sediment sources along the road.  Even if an individual site is highly threatening to the protected 
resources, recommending treatment priorities based on the cost-effectiveness of one site is 
generally discouraged.  This would lead to a costly shotgun approach to restoration. 
 
Treatment of Abandoned Roads 
Another factor influencing a site's treatment priority is the difficulty (cost and environmental 
impact) of reaching the site with the necessary equipment to treat the potential erosion.  Many 
sites found on abandoned or un-maintained roads require brushing and tree removal to provide 
access to the site(s).  Other roads require minor or major rebuilding of washed out stream 
crossings and/or existing landslides in order to reach potential work sites farther out the 
alignment.  Road reconstruction adds to the overall cost of erosion control work and reduces 
project cost-effectiveness.  Potential work sites with lower cost-effectiveness, in turn, may be a 
lower priority.  However, just because a road or potential work site is abandoned and/or 
overgrown with vegetation is not sufficient reasoning to discount its assessment and potential 
treatment.  Treatments on heavily overgrown, abandoned roads are often both beneficial and cost-
effective. 

Prioritizing Restoration Projects 
Once treatment priorities and cost-effectiveness standards are established, it is important to 
review the restoration plan and prioritize projects for implementation.  Not all sub-basins within a 
large watershed will merit the same type or intensity of protection or restoration measures.  
Through field inventories, identify areas where there is a potential for cost-effective watershed 
protection and restoration for fisheries recovery. 
 
Design protection and restoration options for sites in watersheds with the most potential of 
restoring productive conditions and protecting against future catastrophic damage or persistent 
degradation.  For most sediment assessments, a large number of potential treatment sites are 
identified and classified into individual treatment priorities.  Strategies for prioritizing groups of 
sites for treatment include: 
 
Prioritize Sub-watersheds 
Prioritize and treat sub-watersheds according to their biological importance, not necessarily 
according to the magnitude of the potential threat that exists in the basin.  High quality sub-
watersheds may only need a small amount of upslope restoration work or erosion prevention but 
it is critically important to perform this work and secure the drainage before moving to other sub-
watersheds. 
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Prioritize Hillslope Units 
There are many ways to group sites in a watershed or sub-watershed for treatment.  Each 
watershed may warrant a different approach to grouping sites for treatment.  This will depend on 
the sensitivity of the resource, the nature and magnitude of the upslope erosion threat and access 
to the sites.  All groupings should be practical; that is, they should consist of groups or clusters of 
sites in relatively close proximity and be treatable in a timely, coordinated and cost-effective 
manner.  For example: 

• Treatment immediacy – Group based on the identified clustering of high priority units in 
the watershed.  Treat these cluster units according to the magnitude and immediacy of the 
threat they pose (high priority clusters contain concentrations of high priority sites, but 
may also include other lower priority sites).  Examples might include roads or groups of 
roads that contain many high priority sites, or many sites immediately adjacent Class 1 
stream channels.  This strategy will focus on the most immediate threats to the aquatic 
system, but the unit groups might not be the most cost-effective ones that could be 
addressed. 

• Threat of future sediment delivery-Group based on their volumetric threat to the stream 
system, as determined by the inventory results. 

• Logical treatment units - Sites can be grouped on the basis of logistic considerations, 
similar work effort requirements, natural topographic boundaries, equipment access 
points, restoration type (e.g., road decommissioning or road upgrading), or other factors.  
This is the most basic grouping, and in fact all groupings should fit the definition of 
logical treatment unit. 

• Cost-effectiveness - Group sites based on the average cost-effectiveness of restoration 
treatments that have been calculated from the inventory and prescription data.  This 
strategy assures the most bang for the buck with restoration funds, but it does not assure 
treating the highest biological priority units first. 

 
Prioritize Critical Sites 
Identify, target and treat individual, extremely high priority sites that if not immediately treated 
are likely to fail and deliver significant volumes of sediment to the stream system.  These sites are 
likely widely dispersed across the watershed.  They may be termed “ASAP” sites.  In watersheds 
with high value aquatic resources, it may be worth going after individual, isolated sites even 
though there may be a decrease in the relative cost-effectiveness of this restoration strategy due to 
the higher logistic costs (e.g., multiple staging and increased equipment hauling). 
 

Preparing the Summary Report 

Reports for upslope inventory and assessment projects should contain the following information: 
(Appendix X-C). 

• Project identification # 
• Project location (descriptive location) 
• Map of watershed (location map, showing relationship of project area to the region) 
• Map of project area with inventoried sites and roads, which shows: 
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o Base information, (streams, roads, sections, contours (optional), scale, north arrow, 
labels for stream names, road names and cultural features) 

o All roads within the inventory area with current maintenance status: 
 Maintained roads, and  
 Abandoned (un-maintained) roads 

o All stream crossings by type (Humboldt, culvert, unculverted fill, armored fill, 
ford or bridge) 

o Potential and active landslides with sediment delivery potential if left untreated 
o Ditch relief culverts and other ditch drains 
o Gullies and other fluvial erosion features 

• Map of all sites recommended for treatment (with site numbers) 
• Map of all sites according to treatment priority (high, moderate, low) 
• Project report which contains the following: 

o Introduction (setting, problem, purpose of assessment project) 
o Methods (office, field inventory and data analysis - discuss map data and database) 
o Results and discussion of sediment source assessment 
o Results of transportation planning (discussions with landowner) 
o Future erosion and sediment delivery data (if sites were left untreated) 
o Restoration plan 
o Description of overall treatment plan (upgrading and decommissioning) 
o Road upgrading (show and describe roads planned for upgrading) 
o Road decommissioning (show/describe roads for decommissioning) 
o Describe treatments and sites recommended for treatment, by road 
o Stream crossings, landslides, surface erosion treatments 
o Cost analysis, including: 

 Estimated equipment rates (for all heavy equipment) 
 Estimated labor rates (cost/hr) 
 Total estimated site costs (all site costs added together) 
 Equipment move-in and move-out costs (lowboy) for project 
 Other project costs not listed above (specify) 
 Total estimated costs for entire project (equipment + labor + materials + 

other) 
 Cost-effectiveness analysis 
 Total estimated sediment savings (delivery prevented in yds3) 
 Total project cost-effectiveness (cost/yd3 of sediment delivery prevented).   

• Project report appendices including database and data sheets from field surveys, 
containing the following information for each site recommended for treatment: 

o Site # (as flagged or marked in the field) 
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o Problem type (stream crossing, landslide, roadbed, ditch relief culvert, gully, 
other) 

o Problem description (narrative or data describing the apparent nature of the 
problem) 

o Erosion activity (active and/or potential) 
o Erosion potential (likelihood of erosion, if not treated - high, moderate, low) 
o Future erosion (yds3 of erosion likely to occur if problem is not treated) 
o Future delivery (yds3 of eroded sediment that would be delivered to a stream left 

untreated) 
o Recommended treatment (quantitative description of proposed treatments, e.g., 

yds3 of soil to be excavated, or classification of treatment type from a list of 
possible standard treatments) 

o Treatment immediacy or priority (high, moderate, low) 
o Equipment times (hours for each category of equipment used at each site) 
o Labor times (for each site) 
o Materials per site (e.g., culvert, downspout, rock, etc.). 
 

IMPLEMENTING RESTORATION WORK 
Restoration Strategies 

Upland watershed restoration can take several basic forms: prevention (through avoidance or 
altered management practices), control, mitigation and/or cleanup.  The goal of upslope 
restoration is to prevent or substantially reduce sediment delivery to streams from accelerated 
erosion sources.  Accomplish this through the implementation of protection measures, restoration 
measures, and improved land use practices designed to result in more natural sediment yield rates.  
As with other forms of watershed conservation practices, erosion prevention is usually far more 
effective and cost-effective than trying to control erosion once it has begun. 

Prevention 
Accomplish prevention by altering and improving land use practices that would otherwise result 
in sediment delivery to streams; avoiding sediment producing activities or locations; and treating 
existing potential sediment sites.  The latter includes traditional upland watershed restoration, 
erosion prevention and erosion control, as described throughout Part X. 
 
Reduce the risk of failure or erosion by treating existing sediment sites.  This type of preventive 
restoration, to reduce or eliminate erosion, includes decommissioning of abandoned or 
unnecessary roads, excavation of potentially unstable fillslopes and small landslides, upgrading 
road stream crossings, installing critical dips to prevent stream diversions, and dispersing surface 
runoff. 

Erosion Control 
Employ erosion control to reduce accelerated sediment delivery to a stream.  However, traditional 
erosion control techniques are naturally limited in their ability to be widely effective and cost-
effective.  Erosion control is only applicable to erosion processes that are actively occurring, and 
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not to sediment sources that have not yet developed.  It is difficult to conduct erosion control for 
processes that are episodic and for processes that generally cannot be cost-effectively controlled 
(e.g., large landslides).  Some processes are just too large or complex to control once they have 
begun.  Reserve control treatment for erosion processes that are amenable to cost-effective 
treatment. 

Mitigation and Clean-up 
These strategies are limited in their utility.  Mitigation to counter balance the expected impacts of 
sediment producing land use activity is difficult.  Clean up may be impossible to apply in many 
circumstances (sediment is difficult to remove once it is in the stream channel) and is typically of 
limited effectiveness. 

Modification of Land Use Practices 
The most cost-effective tools for minimizing future erosion and sediment delivery to streams are 
preventive land use practices and protection measures that limit watershed disturbances.  Certain 
combinations of land use practices and site variables (soils, slope gradient, bedrock geology, 
slope position, etc.) have been documented to contribute to, or influence, the magnitude or 
location of watershed erosion.  As the result of the watershed assessment and collection of 
inventory data, recommended modifications to land use practices may provide passive protection 
to downstream aquatic resources, especially from impacts that occur during infrequent floods. 
 
Practical protection measures related to road networks should address issues such as improved 
road location and design standards; limiting operations on steep inner gorge slopes, other suspect 
geomorphic locations and riparian corridors; improved road construction and drainage practices; 
proper stream crossing installation; frequent road maintenance; and road decommissioning.  
Seasonal road use restriction is a passive measure to lessen the potential for sediment-related 
impacts to stream channels.  Protection measures for grazed lands include; grazing allocations, 
riparian planting and fencing, localized enclosures, and other seasonal restrictions.   
 

Road Related Restoration Techniques 

Roads are typically a common and disproportionately significant source of accelerated sediment 
delivery in managed watersheds.  Most significant and common erosion problems occurring along 
roads are predictable and cost-effective to prevent or treat. 
 
There are two basic techniques for road risk reduction and restoration: 

• Decommissioning (closure); 
• Upgrading. 

 
Following are generic treatment descriptions for a variety of preventive treatments for both 
decommissioning and upgrading roads.  These treatments are collectively referred to as “storm-
proofing” (Figure X-9) (Weaver and Hagans 1999).  The treatments described for roads or 
hillslopes have been tested, documented and evaluated in similar erosion control and erosion 
prevention projects.  They have been shown to be generally effective in reducing sediment 
delivery from managed forest and ranch lands when used in a properly planned and constructed 
project (California State Parks 2001; Harr and Nichols 1993; Sonnevil and Weaver 1981; USDA 
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Forest Service 1996; USDI Park Service 1992; Weaver and Hagans 1996; Weaver and others 
1981; Weaver and others 1987a,b; Weaver and Sonnevil 1984).  In every case, the road upgrading 
and decommissioning treatments listed in Part X must be informed by, and customized by, an 
evaluation of the characteristics of each potential treatment site. 
 

Road Decommissioning 
Decommissioning is the same as road closure.  It can be permanent or temporary, but the 
treatments for both are similar.  Decommissioning is defined as removing those elements of a 
road that reroute hillslope drainage and present slope stability hazards.  Another term for this is 
“hydrologic obliteration” (USDA 1993).  It involves such tasks as decompacting road surfaces 
and installing road surface drainage (e.g., cross road drains or road out sloping) (Figure X-10 and 
Figure X-11), excavating unstable sidecast and road fill (Figure X-11), and fully excavating 
stream crossing fills (Figure X-12) (not just culvert removal).  Decommissioning essentially 
involves reverse road construction, except that full topographic obliteration of the roadbed is 
rarely required to accomplish sediment prevention goals.  In order to protect the aquatic 
ecosystem, hydrologically decommission the road by dispersing runoff, reestablish drainage 
patterns and remove or stabilize any potential sources of sediment delivery along the alignment.  
Estimating the sediment savings and treatment cost-effectiveness of such projects will help 
identify which roads in the watershed are truly the best targets for decommissioning (Table X-4). 
 
Roads with High Priority for Decommissioning 
Relative to potential threats to the aquatic ecosystem, certain roads frequently qualify as a high 
priority for decommissioning.  These include poorly built roads in riparian areas, on steep inner 
gorge slopes, across unstable or highly erodible soils, in tributary canyons where stream crossings 
and steep slopes are common, roads with high short-term or long-term maintenance costs and 
requirements, and abandoned roads containing large or numerous sediment delivery sites. 
 
Roads with Low Priority for Decommissioning 
Roads that are of low relative priority for decommissioning includes those that follow low 
gradient ridges, traverse large benches or low gradient upland slopes, and have few or no stream 
crossings.  Roads no longer needed for land or resource management may or may not be a high 
priority for removal depending on where they are located in the watershed.  These would include 
dead-end spur roads with no stream crossings located high on the hillslope. 

Road Decommissioning Treatments 
The following tabulated and diagrammed treatments do not represent rigorous specifications, but 
rather descriptions of basic techniques that must be informed by site-specific evaluations.   
 
Decommissioning consists of three basic tasks. 

• Complete excavation of stream crossing fills, including 100 year flood channel bottom 
widths and 2:1 or otherwise stable side slopes; 

• Excavation of unstable or potential unstable sidecast materials that could otherwise fail 
and deliver sediment to a stream; 

• Road surface treatments (ripping, outsloping and/or cross draining) to disperse and reduce 
surface runoff.  
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Road Decommissioning Effectiveness 
The effectiveness of road decommissioning tasks is usually expressed over two time periods: 1) 
the volume of sediment that has been prevented from being delivered to stream channels (long 
term effectiveness) and 2) the volume of sediment that is eroded from the decommissioned sites 
and delivered to local stream channels in the first several years after decommissioning activities 
(short term effectiveness).  The goal of a decommissioning project is to maximize long-term 
effectiveness (sediment savings) and to minimize short-term sediment release from the site. 
 
Treatment of road surface runoff (hydrologic connectivity) and excavation of potentially unstable 
fillslopes have been shown to be highly effective sediment control techniques (PWA 2005).  
Excavating stream crossings using protocols outlined in Part X also proved highly effective 
(PWA 2005).  Most short-term sediment loss from decommissioned sites originated at excavated 
stream crossings.  The primary sources of this sediment delivery, accounting for 91% of the soil 
loss, were channel incision, surface erosion, and slumps on the sideslopes of excavated stream 
crossings.  Operator error (mostly consisting of leaving unexcavated fill in the stream crossing) 
accounted for 40% of the potentially avoidable erosion.  The remaining 60% of sediment loss was 
judged to be unavoidable.   The single most effective erosion prevention practice, measured by 
the reduction of post-decommissioning erosion and sediment delivery, was the correct application 
of recommended treatment prescriptions as outlined in Part X. 

Role of Emergent Groundwater 
Emergent groundwater along roads scheduled for decommissioning plays an important role in the 
eventual effectiveness of the road closure treatment.  Perform road erosion inventories during the 
wet season, when springs on the roadbed and cutbank are most likely to be active and identifiable.  
If inventories are conducted during dry summer conditions, hydrophyllic (water loving) 
vegetation or mottled and discolored soils can be used to indicate the presence of seeps and 
springs.   
 
Design treatments of wet areas to allow free drainage of springs and other emergent water and 
connection of these flow sources with downslope channels and swales.  Do not place spoil 
material against cutbanks or cover springs that occur on the roadbed; spoil endhauling may be 
required.  Some springs may not be visible during the assessment phase of the project, even if 
conducted during wet winter conditions.  For example, some natural springs are buried during 
road construction and are only revealed when the road is decommissioned (typically during dry 
summer months).  Excavated stream crossing sideslopes occasionally expose pre-existing springs, 
and these sources of emergent water can cause soil saturation and gullying or slope instability.  In 
cases where embankment materials are saturated, as evidenced by winter surveys, excavation may 
be indicated even where no other signs of potential failure are identified.  At the same time, 
excavation methods must be designed for wet and potentially hazardous conditions where 
equipment or laborers are working near wet cuts and fills1.  Saturated materials need to be 
properly stored where they will not enter a watercourse. 
 

                                                 
1Applicable worker health and safety regulations include but are not limited to sections: 29, the Code of Federal Regulations 
(CFR) 1926.650, 601 (b)(6) of and Title 8, Sections: 1540, 1541, 1541.1 of the California Code of Regulations. 
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Figure X-9. Common characteristics of storm-proofed roads. 

Characteristics of Storm-proofed Roads 
 

Storm-proofed stream crossings 
• All stream crossings have a drainage structure designed for the 100-year flow (with 

debris). 
• Stream crossings have no diversion potential (functional critical dips are in place). 
• Stream crossing inlets have low plug potential (trash barriers & graded drainage). 
• Protect stream crossing outlets from erosion (extended, transported or dissipated). 
• Culvert inlet, outlet and bottom are open and in sound condition. 
• Undersized culverts in deep fills (greater than backhoe reach) have emergency 

overflow culvert. 
• Bridges have stable, non-eroding abutments and do not significantly restrict 100-year 

flood flow. 
• Fills are stable (unstable fills are removed or stabilized). 
• Road surfaces and ditches are “disconnected” from streams and stream crossing 

culverts. 
• Class I stream crossings meet DFG and NMFS fish passage criteria (Part IX). 

 
Storm-proofed fills 

• Unstable and potentially unstable road and landing fills are excavated or structurally 
stabilized. 

• Excavated spoil is placed in locations where it will not enter a stream. 
• Excavated spoil is placed where it will not cause a slope failure or landslide. 

 
Road surface drainage 

• Road surfaces and ditches are “disconnected” from streams and stream crossing 
culverts. 

• Ditches are drained frequently by functional rolling dips or ditch relief culverts. 
• Outflow from ditch relief culverts does not discharge to streams. 
• Gullies (including those below ditch relief culverts) are dewatered to the extent 

possible. 
• Ditches do not discharge (through culverts or rolling dips) onto active or potential 

landslides. 
• Decommissioned roads have permanent drainage and do not rely on ditches   
• Fine sediment contributions from roads, cutbanks and ditches are minimized by 

utilizing seasonal closures and installing a variety of surface drainage techniques 
including berm removal, road surface shaping (outsloping, insloping or crowning), 
rolling dips, ditch relief culverts, water bars and other measures to disperse road 
surface runoff and reduce or eliminate sediment delivery to the stream. 
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Figure X-10. Techniques for dispersing road runoff. 
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Figure X-11. Partial outsloping for road decommissioning.   
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Figure X-12. Typical stream crossing excavation on a decommissioned road. 
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Treatment Typical Application Typical Actions Typical Costs1 

Ripping or  
Decompaction 

Improve infiltration; decrease 
runoff; assist revegetation 

Rip roads, landings and compacted 
areas with multiple passes to average 
depth of 18". 

$1,000 - $2,000/mile

Construction of  
cross-road drains 

Drain springs; drain insloped 
roads; drain landings 

Drains deeper and wider than 
waterbars, extending from cutbank to 
outside edge of road (captures ditch 
flow).  

$1/ft 
($25-$50 ea) 

Partial outsloping (local 
spoil site; fill against the 
cutbank) 

Remove minor unstable fills; 
disperse cutbank seeps and runoff 

Road should be ripped before adding 
spoil for outsloping.  Springs should 
not be covered.  Ditches can be filled. 

$2,500 - 12,500+ /mile

Complete outsloping 
(local spoil site; fill 
against the cutbank) 

Used for removing unstable fill 
material where nearby cutbank 
does not include seeps or springs 

Road should be ripped before adding 
spoil for outsloping.  Springs should 
not be covered.  Ditches can be filled. 

$10,000 - 75,000+/mile

Exported outsloping (fill 
pushed or hauled away 
and stored down-road) 

Used for removing unstable road 
fills where cutbanks have springs 
and cannot be buried 

Spoil site should be located in stable 
area where sediment will not be 
delivered to stream. 

$2 - $5/yd3,  
depending on haul 

distance 

Landing and fillslope 
excavations (with local 
spoil storage) 

Used to remove unstable material 
around landing perimeter  

Landing should be ripped and spoil 
placed on inside half of landing.  
Springs should not be covered. 

$2 - $5/yd3, 
high organics can 

increase costs 

Stream crossing 
excavations (with local 
spoil storage) 

Complete removal of  
stream crossing fills  
(not just culvert removal) 

Excavate all fill from crossing, down 
to original channel bed with straight 
or concave profile; original or 2:1 side 
slope gradient; natural channel width 

Averages $3 - $10/yd3 
but can vary 
considerably 

Truck endhauling  
(dump truck) 

Hauling excavated spoil to an 
offsite spoil disposal site 

Haul to a stable site not near stream 
channels.  Place spoil where it is 
stable and will not deliver to a stream. 

$2 to $5/yd3 on top of 
basic excavation work

1 These are estimated treatment costs for equipment working at a site.  Heavy equipment treatments performed using D-7 
tractors and hydraulic excavators with average 2 yd3 bucket size.  They do not include transportation, moving from site-to-site, 
overhead, project supervision by or consultation with restoration or professional geotechnical specialists, layout, or any other 
costs.  Costs can vary considerably from these typical figures, depending on operator skill and experience, equipment types, 
local site conditions, and regional location.  Example costs are from 2004 data for north coastal California and are not based on 
prevailing wage rates.  Production rate data from from PWA (unpublished) and NPS (1992). 

Table X-4. Typical techniques and costs for decommissioning forest and ranch roads. 
 

Road Upgrading 

Managed watersheds need roads to provide for long-term resource management and access to 
private properties or recreational areas.  Good land stewardship requires road systems be 
protective of fish habitat and the aquatic ecosystems in the watershed.  Transportation planning 
requires that landowners or land managers consider the erosion consequences of retaining the 
road and the expressed needs for management activities.  Retained roads should be located on 
stable terrain, where the risk and impacts of fluvial erosion, stream crossing failure, storm damage 
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and mass soil movement is low.  Roads should be largely self-maintaining or require low levels of 
maintenance.  To facilitate this, many existing roads will likely need to be upgraded. 
 
For fisheries protection and restoration, the goal of road upgrading is to minimize the 
contributions of fine sediment from roads and ditches to stream channels, as well as to minimize 
the risk and impacts of episodic erosion and sediment delivery when storms and floods occur.   
 
Road upgrading or storm-proofing involves a variety of treatments designed to make a road more 
resilient to runoff from large storms and flood flows (Figure X-9 and Table X-5)(Weaver and 
Hagans 1999).  The most important of these include upgrading stream crossings for the 100-year 
flood flow, elimination of stream diversion potential, removal of unstable sidecast and fill 
materials from steep slopes, and the application of drainage techniques to improve dispersion of 
road surface runoff.  Newly constructed roads may not need as much corrective treatment as older 
roads.  For example, timberland owners and foresters are now required by the Forest Practice 
rules, as amended by the California State Board of Forestry and Fire Protection in 2000, to design 
all new and reconstructed permanent watercourse crossings to accommodate an estimated 100-
year flood flow, including wood and sediment loads.  They are also required to design stream 
crossings such that there is no chance of future stream diversion. 

Road Upgrading Treatments 
 
In general, road upgrading consists of stream crossing upgrades, excavation of selected unstable 
or potential unstable fillslopes, and dispersion of road runoff (Figure X-9).   
 
The following guidance, typical diagrams and tables summarize common road upgrading 
techniques, including road surface shaping (insloping and outsloping), berm removal, rolling dips, 
ditch relief culverts, and non-fish bearing culvert installation.  For more detail, see Handbook for 
Forest and Ranch Roads (PWA 1994) or the corresponding video Forest and Ranch Roads 
(MCRCD 2003). 
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Treatment Ideal  
Equipment 

Sample 
Cost Rate1 

Sample Application Rate and 
Assumptions Sample Cost2 

Outslope road and 
fill ditch 

Grader with 
rippers $85/hr 500ft/hr for 20' wide road $170/1000 ft 

Rolling dip Dozer with 
rippers $85/hr 

1 hr each (30-40’ long on flat 
roads) 
2 hrs each (50-100’ long on steep 
roads) 

$85 - $170 each 

Remove berm or 
clean ditch Grader $85/hr 1000'/hr (no trees on berm or in 

ditch) $85/1000 ft 

Rock road (1.5" 
minus crushed) 

Dump truck 
spread 

$17 –  
$40/ yd3 - 
delivered 

4" deep x 20' wide = 250 
yds3/1000 ft road 

$4,250 - 
$10,000/1000 ft 

Install ditch relief 
culvert (assumes 40' 
of 18" culvert 

Back hoe or  
Excavator2  
and Laborer 

$65/hr 
$125/hr 
$30/hr 

3 hours each  +  $8.50/ft   
+ $18 coupler  +  $90 labor 

$645 to $825 
each 

Stream crossing 
installation (36" x 
40' culvert with 200 
yd3 fill) 

Excavator  
Tractor 
Water truck 
and Laborer 

$125/hr 
$85/hr 
$85/hr 
$30/hr 

$1,520 culvert (w/coupler) 
+ $875 excavator + $595 dozer +  
$170 water truck + $90 labor 
+ $100 tamper 

$3,270 each 

Culvert downspout 
installation 

Hand labor and 
Equipment (>24") 

$30/hr 
$125/hr 

20' x 24": 2 hrs labor 
40' x 36": 3 hrs labor 
+ 1 hr excavator 

$60 + materials 
$375 + materials 

Straw mulch bare 
soils areas Labor 

$30/hr 
$5/bale 
straw 

1 bale/600 ft2 - 700 ft2 + 
spreading @ 4 bales/hr $19-$22/1000 ft2 

Complete road 
upgrading 

Excavator,  
Tractor and  
Dump trucks 

$125/hr 
$85/hr 
$65/hr 

Average mid-slope road requiring 
stream crossing upgrades 

$15,000 - 
$40,000/mile 

1 Costs can vary considerably from these typical figures, depending on operator skill and experience, equipment 
types, local site conditions and regional location.  Example costs are from 2004 data for north coastal California 
and are not based on prevailing wage rates.  Production rate data from PWA (unpublished). 
2 Costs are variable depending on materials costs, equipment types and rental rates, and operator experience.  
Culvert cost assumptions (<= 24” - 16 gauge galvanized culvert, >=30” – 12 gauge galvanized culvert): 18" - 
$8.50/ft; 24" - $11.50/ft; 36" - $29/ft; 48” - $38/ft; 60" - $48/ft.  Some treatments (e.g., outsloping road and filling 
the ditch) may be performed for different rates using tractor instead of grader.  Dozer and dump trucks are often 
needed on culverted stream crossing installations larger than 200 cubic yards. 

 

Table X-5. Example logistics and costs for a variety of upgrading task for forest and 
ranch roads. 
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Stream Crossing Upgrading 
• Eliminate stream diversion potential by dipping the entire stream crossing fill or by 

installing a critical dip (Figure X-13).  A critical dip is a rolling dip that is constructed on 
or close to the down-road hinge line of a stream crossing that displays a diversion 
potential. 

• Upgrade stream crossings by installing culverts sized for the 100-year flood flow, 
including sufficient capacity for expected wood and sediment (Figure X-13 and Figure X-
14).  These requirements are determined by both field observation and calculations using a 
procedure such as the Rational Formula (PWA 1994; Dunne and Leopold 1978) for small 
watersheds (<100 acres), or regional regression equations developed for ungaged 
watersheds up to several hundred acres in size (Waananen and Crippen 1977; Cafferata et 
al. 2004).2  Where necessary, install inlet protection (trash barriers) to prevent culvert 
plugging on non-fish bearing streams. 

• Place culverts in line and on grade with the natural stream channel above and below the 
crossing site (Figure X-14).  This minimizes the probability of culvert plugging.  In 
streams with resident or anadromous fish, or where there is a requirement to provide for 
passage of non-fish aquatic species, culverts must be embedded in the natural stream 
channel according to specific guidelines (DFG Manual, Part IX).  If non-fish stream 
crossing fills are exceptionally deep (beyond backhoe reach from the road surface) then a 
full round downspout can be installed to take the stream flow to the base of the fill and 
discharge it into the natural stream channel. At the point of return flow from the pipe to 
the natural stream channel, some form of energy dissipation and erosion protection may 
be required to control scour at the culvert outfall (Figure X-14). 

• Replace large high-risk culverts with bridges.  Consider replacing any culvert greater than 
72 inches in diameter with a bridge, especially in Class 1 streams. 

• Replace culverted fills with hardened fords or armored fills (Figure X-15 and Figure X-
16) on non-fish bearing streams where regular winter inspections and culvert maintenance 
is not feasible, or on steep gradient stream crossings where the culvert plug potential will 
always be high. 

 
Stream Crossing Culvert Installation for Non-fish Bearing Streams 

• Align culverts with the natural stream channel orientation to ensure proper function, 
prevent bank erosion and minimize debris plugging problems. 

• Place culverts at the base of the fill and at the grade of the original streambed or install a 
downspout past the base of the fill (Figure X-13 and Figure X-14).  Down-drain (or 
downspout) assemblies should only be installed if there are no other options. 

                                                 
2 Technical references for rainfall and runoff data include the California Data Exchange Center http://cdec.water.ca.gov, the 
Department of Water Resources http://wdl.water.ca.gov (under construction), the Department of Forestry 
http://cdf.ca.gov/projects/esu/esulooup.asp and the Western Regional Climate Center 
http://www.wrcc.dri.edu/summary/climsmnca.  Software for performing peak flow calculations is also available (e.g., USGS 
Peak Frequency Software, http://water.usgs.gov/software/peakfq.html and USGS National Flood frequency Software, 
http://water.usgs.gov/software/nff.html   
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• Culverts should be set slightly below the original stream grade so that the water drops 
several inches as it enters the pipe. 

• Culvert beds should be composed of rock-free soil or gravel, evenly distributed under the 
length of the pipe. 

• Compact the base and sidewall material before placing the pipe in its bed. 
• Lay the pipe on a well-compacted base.  Poor basal compaction will cause settling or 

deflection in the pipe and can result in separation at a coupling or rupture in the pipe wall.  
If compaction is problematic, then the potential sagging after burial can be accounted for 
by maintaining an upward camber between 1.5 to 3 inches per 10 feet culvert pipe length. 

• Backfill material should be free of rocks, limbs or other debris that could dent or puncture 
the pipe or allow water to seep around the pipe. 

• Cover one end of the culvert pipe, then the other end.  Once the ends are secure, cover the 
center. 

• Tamp and compact backfill material throughout the entire process, using water as 
necessary for compaction. 

• Backfill compacting will be done in 0.5 – 1.0 foot lifts until 1/3 of the diameter of the 
culvert has been covered (Figure X-14).  A gas powered tamper or sheep’s foot roller 
should be used for this work. 

• Armor inlets and outlets with rock, or mulch and seed with grass as needed (not all stream 
crossings need to be armored).  

• Install a trash rack (only on non-fish bearing streams) upstream from the culvert inlet 
where there is a high hazard of floating debris plugging the culvert. 

• Push layers of fill over the crossing to achieve the final design road grade, at a minimum 
of one-third to one-half the culvert diameter. 

 
Trash Racks 

All trash racks require on-going maintenance.  Two efficient trash rack designs include: 
• On streams with culverts 48 inches diameter or greater, build a grate or sieve across the 

entire channel to collect the large material that would otherwise plug the culvert inlet.  
Locate the trash rack anywhere from five to 25 feet upstream from the culvert inlet. 

• On streams with culverts under 48 inches diameter, set a single post vertically in the steam 
bed, centered directly upstream from the culvert inlet, and located one culvert diameter 
distance upstream from the inlet.  Size the post and set the post deep into the streambed to 
withstand the size of woody debris transported by the stream during extreme runoff 
events. 

 
Ten steps to building an effective armored fill stream crossing 
Install armored crossings (Figures X-15 and X-16) in areas where debris torrents are common, 
can be expected or where small steep gradient streams cross the road.  Armored fill crossings are 
for sites where it will be very difficult to prevent frequent culvert plugging due to high amounts 
of transported sediment and debris.  The treatment requires excavating a portion of the fill in the 
stream crossing and leaving a very broad dip in the axis of the natural channel, with long and 
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gently sloping ramps into and out of the stream crossing.  This treatment may be most appropriate 
along roads built on a floodplain and terrace, or where roads cross steep gradient stream channels 
with relatively small depths of fill at the outboard edge of the road. 
 
Before prescribing or building an armored fill, make sure the site is appropriate for the structure.  
Evaluate the suitability of the site for an armored fill, making sure the stream is not too big and 
the fill is not too deep.  The stream should be a relatively small Class 2 or Class 3 stream (a fish-
bearing Class 1 in not appropriate) and the fill depth at the outside edge of the road should not 
exceed about six (6) feet in depth.  Once the site is determined to be potentially suitable, there are 
ten basic steps to converting the stream crossing to a stable armored fill. 
 
1) Evaluate design and construction requirements - The four most important concepts to 
understand when constructing an armored fill are: a) constructing a broad and deep rolling dip 
through the road where the stream is to cross, b) excavating a keyway in the outer half of the 
roadbed, down the fillslope and across the toe of the fillslope to hold the rock armor, c) selecting 
rock armor that is suitably sized to resist transport by the stream during design flood flows, and d) 
placing the rock armor.  Proper shaping of the excavated road fill, proper armor sizing, and good 
armor placement will reduce the likelihood of crossing failure. 
 
The rock must be placed in a broad “U” shaped excavation across the channel and the roadbed so 
that the streamflow will always stay confined within the armored area; even during the 100-year 
design flood flow.  If the flow gets around (outside) the rock armoring on the road surface or on 
the armored fillslope, it will quickly gully around and through the remaining road fill.   
 
A range of interlocking rock armor sizes should be selected and sized so that peak flows will not 
pluck or transport the armor off the roadbed or the sloping fill face of the armored fill (e.g., see 
Racin et al., 2000).  There are two key places where rock size and rock placement is critical: 1) at 
the base of the armored fill where the road fill meets the natural channel and 2) at the break-in-
slope between the outer roadbed and the upper fill face.  The largest rocks must be used at the toe 
to support or buttress the armor placed on the fillslope above it. This will provide toe support for 
the rest of the armor and reduce the likelihood of it washing downslope.  Armor placed at the 
slope break at the top of the fillslope is also critical in that it will provide the stable “base level” 
for the creek as it crosses the road surface and accelerates down the fill face.   
 
2) Remove drainage structures - Remove any existing drainage facilities in the fill, including 
culverts and Humboldt logs or large organic debris in the stream crossing fill (Figure X-16; cross 
sections A-B).   
 
3) Dip the roadbed - Construct a broad rolling dip across the roadbed, centered at the crossing, 
which is large enough to contain the expected 100-yr flood discharge while preventing flood flow 
from diverting down the road or around the rock armor (Figure X-16; cross sections C-D; E-F).  
For many crossings, the broad dip typically averages two to three feet deep along the “thalweg” 
or axis of the dip. 
 
4) Excavate the keyway and armored area - Excavate a two to three foot deep “bed” into the 
dipped road surface and adjacent fillslope (to place the rock in) that extends from approximately 
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the middle of the road, across the outer half of the road, and down the outboard road fill to where 
the base of the fill meets the natural channel.  Peak flow calculations for the 100-year discharge 
(e.g., using the rational formula) should be performed to determine the proper width of the 
armored area through the roadbed and on the fillslope.  Typically, for small Class 2 and Class 3 
channels, the required armored width at the outside edge of the road has been found to be at least 
five times the estimated peak flow width of the natural channel upstream of the crossing.  At the 
base of the fill, excavate a three (3) foot deep keyway trench extending across the channel bed 
(Figure X-16; cross sections G-H; I-J). 
 
5) Install fabric lining - Install geo-fabric within the trenched keyway at the toe and extending up 
the excavated fillslope and across the excavated part of the roadbed; anywhere rock armor is to be 
placed (Figure X-16; cross sections G-H).  Bury the top of the fabric in a trench across the 
roadbed to key in the fabric.  The fabric will support the rock armor in wet areas and prevent 
winnowing of the fine sediments and road fill beneath the rock armor when the stream flows over 
the armored fill. 
 
6) Armor the basal keyway - Put aside the largest rock armoring to create two buttresses. Use the 
largest rock armor to fill the basal trench and create a buttress at the base of the fill.  This should 
have a “U” shape to it and it will define the outlet where flow leaves the armored fill and enters 
the natural channel (Figure X-16; cross sections K-L). 
 
7) Armor the fill - Backfill the fill face with the remaining rock armor making sure the final armor 
is unsorted and well placed, the armor is two coarse-rock layers in thickness,  and the armored 
area on the fill face also has a “U” shape that will accommodate the largest expected flow (Figure 
X-16; cross sections K-L). 
 
8) Armor the top of the fill - Install a second trenched buttress for large rock at the break-in-slope 
between the outboard road edge and the top of the fill face.  The level of the armor rock placed in 
this “buttress” at the top of the fill face will define the base level of the stream as it crosses the 
roadbed (Figure X-16; cross sections M-N). 
 
9) Armor the roadbed - Backfill the rest of the roadbed keyway with the unsorted rock armor 
making sure the final armored area on the roadbed has a “U” shape (Figure X-16; cross sections 
O-P) that will accommodate the 100-year design flood flow.  
 
10) Inspect and maintain the crossing - Monitor the armored fill for the first several winters and 
make maintenance repairs to any armor that may have moved during peak flow periods.  Maintain 
the flood flow capacity of the armored fill on the roadbed (Figure X-16; cross sections O-P) by 
grading alluvial deposits and debris off the road as needed.  

 
Erosion Control Measures for Culvert Installation 

Use a combination of mechanical and vegetative measures to minimize accelerated erosion from 
stream crossing and ditch relief culvert installation.  Erosion control measures may include: 

• Minimizing soil exposure by limiting excavation areas and heavy equipment disturbance. 
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• Installing filter windrows of slash at the base of the road fill to minimize the movement of 
eroded soil to down slope areas and stream channels. 

• Insloping the road prism at newly constructed or upgraded stream crossings to minimize 
fillslope erosion caused by road runoff. 

• Protecting bare slopes created by construction operations until vegetation can stabilize the 
surface.  Minimize surface erosion on exposed cuts and fills by mulching, seeding, 
planting, compacting, armoring, and/or benching prior to the first fall rains. 

• Storing extra or unusable soil in long-term spoils disposal locations that are not subject to 
excessive moisture, steep slopes, archaeological sites, listed species, or proximate to a 
watercourse. 

• If there is running or standing water, pumping or diverting water past the crossing and into 
the downstream channel during the construction process. 

• Installing straw bales and/or silt fencing where necessary to control runoff and sediment 
movement within the construction zone. 

 
Excavation of Unstable Fillslope 
Remove unstable sidecast and fill materials from steep slopes (Figure X-17), steep headwater 
swales, and along road approaches to deeply incised stream channels, where there is potential for 
sediment delivery.  Worker safety in potentially hazardous areas, where slopes are steep, wet and 
potentially unstable, must be in conformance with applicable worker safety regulations (e.g., see 
Caltrans 1990).3   

• Excavate small volumes of unstable fill along the outside edge of the road, turnout or 
landing if it has the potential to fail and be delivered to a stream channel. 

• Unstable fill that has little or no potential to fail or be delivered to a stream need not be 
excavated if fish habitat protection is the only goal. 

• Excavate fill material in an arc-shaped downslope profile, so as to remove as much of the 
unstable mass as is possible. 

• Store excavated spoil materials in a location where eroded sediment will not enter a 
watercourse. 

                                                 
3 Wherever workers have to enter an area where the banks or cuts are greater than five feet in height (functionally a trench), the 
banks of such areas will need to be properly sloped, benched, or shored (trenching needs to be in compliance with all applicable 
worker health and safety regulations including but not limited to sections: 29, the Code of Federal Regulations (CFR) 1926.650, 
601 (b)(6) of and Title 8, Sections: 1540, 1541, 1541.1 of the California Code of Regulations. 
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Figure X-13. Typical upgraded stream crossing. 
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Figure X-14. Typical culvert installation on non fish-bearing streams.
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Figure X-15. Typical ford and armored fill stream crossings. 
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Figure X-16. Design elements of a typical armored fill crossing. Note:  where geotextile fabric may 
interfere with passage of amphibians in any Class 2 or 3 crossing, bury geotextile fabric with at 
least 6 inches of rock.  Do not expose geotextile fabric in the bed of fish-bearing stream channels.   
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Figure X-17. Removal of unstable sidecast materials. 
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Dispersion of Road Runoff 
Disperse and disconnect road surface runoff from streams.  Road cutbanks and road ditches are 
known to deliver substantial volumes of fine sediment to streams in some watersheds (e.g., Reid 
1981; Reid and Dunne 1984) and they have been found to significantly affect watershed 
hydrology (Wemple 1994).  Relatively simple treatments can be performed to upgrade road 
drainage systems to significantly reduce or largely eliminate this source of fine sediment delivery 
to streams.  Sediment may be minimized by utilizing seasonal closures or traffic restrictions, and 
dispersing road runoff.  Choose from a variety or combination of surface drainage techniques 
including berm removal (Figure X-19), water bars (Figure X-10), road surface shaping 
(outsloping, insloping or crowning (Table X-6), ditch relief culverts (Figure X-19), rolling dips 
(Figure X-19), and other measures that effectively disperse road surface runoff and reduce or 
eliminate sediment delivery to the stream.  To be effective, they must effectively disperse most 
road runoff and ditch flow before it reaches the stream.  It is critical that all road surface drainage 
techniques effectively drain the road surface and be drivable for the expected traffic. 
 
Spring and seeps along the road may occur in the roadbed or on the inside cutbank.  Drain these 
sources of emergent groundwater to minimize damage to the road bed and to control sediment 
delivery to local stream channels.  Drain roads with common or high volume springs with 
frequent ditch relief culverts.  Culvert spacing must be close enough to prevent downslope gully 
erosion or hydrologic connectivity to nearby streams.  Drain emergent water from the roadbed 
using such techniques as French drains and drainage blankets. 
 
Road Shaping (outsloping, crowning and insloping) 

• Where suitable and appropriate, road outsloping is the preferred method of road shaping 
for protecting water quality and minimizing fine sediment delivery to streams.   

• Outsloped roads drain their surface runoff to the outside edge of the roadbed and onto the 
fillslope (provided there is no berm) (Figure X-19).  The degree of outslope is typically at 
least 2% for low gradient roads (<4%) but increases as road grade increases (Table X-6), 
with consideration for driver safety.   

• Outsloped roads may or may not have an inside ditch.  If the cutbank is wet or has springs 
during part of the year, a ditch will be necessary to drain emergent water to a ditch relief 
culvert or rolling dip. 

• Insloped roads can be converted to outsloped roads in several ways.  If there is no spring 
flow in the ditch and the ditch can be filled, the insloped road can be ripped and regraded 
with the spoil material generated on the outside half of the road being used to fill the ditch 
and provide the outslope shape to the roadbed.  Alternatively, fill can be imported to fill 
the ditch and outslope the roadbed.  If an inside ditch needs to be maintained, because 
emergent groundwater and seeps are present along the cutbank, either of these 
construction techniques can be used to outslope the roadbed without filling the ditch. 

• Crowned roads drain both to the outside of the road onto the fillslope, as well as to the 
inside of the road into a ditch (Figure X-19).   

• The crown or high spot in the road cross section is often the center of the road, but it can 
be shifted towards the inside third of the road decrease the amount of road runoff that is 
delivered to the ditch.   

• Steep roads (greater than about 14%) are difficult to drain, so crowned road shapes are 
sometimes employed to improve road drainage and to increase vehicle safety.  However, it 
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is imperative that an appropriate number of ditch relief culverts and/or rolling dips be used 
to drain the ditch on steep roads. 

• Insloped roads are used where water cannot be discharged over the outside fillslope 
because of soil erodibility, fillslope instability or potential water quality problems, or 
where cutbanks are very unstable (Figure X-19).  

• Insloped road surfaces typically slope at 3% to 4% towards the ditch, but the degree of 
inslope will increase as the grade of the road increases in order to drain road runoff into 
the ditch (Table X-6). 

• Insloped roads need a ditch to carry road runoff and spring flow from the cutbank and 
from upslope areas to the nearest ditch relief culvert or rolling dip where it can be 
discharged to the hillslope.    

• Insloped roads with ditches are one of the most common ways in which roads are 
hydrologically connected to streams in a watershed.  Thus, to the maximum extent 
possible, insloped roads should be frequently drained onto the hillslope, using ditch relief 
culverts or rolling dips, where runoff will not enter a stream channel.  

 
Outsloping pitch for roads up to 12% grade 

Road Grade Outslope Pitch for 
Unsurfaced roads 

Outslope Pitch for  
Surfaced Roads 

4% or less 3/8” per foot 1/2” per foot 
5% 1/2” per foot 5/8” per foot 
6% 5/8” per foot 3/4” per foot 
7% 3/4” per foot 7/8” per foot 

12% or more    1” per foot 1/4” per foot 

Table X-6. Outsloping pitch for roads up to 12% grade.
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Figure X-18. Utilizing road shape to reduce surface runoff rates. 
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Berm Removal 
• Road berms on insloped roads do not affect road drainage and can usually be left in place 

with little negative effect.  
• Berms located along the outside edge of a crowned or outsloped road prevents road runoff 

from leaving the roadbed.  This often results in roadbed erosion or gully erosion where the 
concentrated runoff is discharged off the road. 

• On steep gradient roads, berms are sometimes used as a real or perceived safety measure 
to keep vehicles from sliding off the road.  In other places, berms are sometimes 
intentionally used to keep road runoff from discharging onto an erodible, unstable or 
potentially unstable fillslope.  Some berms are simply the end-product of years of grading 
that have left a continuous or discontinuous berm of road grader spoil material along the 
outside edge of the roadbed, so that the grader operator can use it to pull back onto the 
roadbed during future maintenance work.   

• Berm breaks are locations where the berm is not intact and road runoff is allowed to 
discharge onto the slopes below the road.  The runoff from berm breaks can be discharged 
directly onto the fillslope or directed into a culverted or sheet metal berm drain that is 
used to carry the runoff some distance downslope or to the base of the fillslope (Figure X-
19). 

• If they are not needed, or if they are causing road drainage and erosion problems, road 
berms on crowned and outsloped roads can be either partially or completely removed.  On 
low gradient roads, berms can often be completely removed.  On steeper roads, where 
safety is an issue, the berm can be frequently breached with short gaps spaced 30 to 100 
feet apart.  A semi-continuous berm is thereby left for safety reasons and the road is 
frequently drained (Figure X-19). 

• Depending on the slope steepness and proximity of the road to a stream, berms can be 
removed by excavation or sidecasting.  Sidecasting should not be used if there is a 
possibility that spoil or eroded sediment could enter a watercourse. 
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Figure X-19. Berm removal for improved drainage on outsloped and crowned roads. 
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Ditch Relief Culverts 
• Install ditch relief culverts at an oblique (typically 30 degree) angle to the road so that 

ditch flow does not have to make a sharp angle turn to enter the pipe (Figure X-20).  On 
low gradient roads (<5%), where ditch flow is slow, ditch relief culverts can be installed 
at right angles to the road.  

• Install ditch relief culverts (DRC) to outlet at, and drain to, the base of the fill (preferred 
option) (Figure X-20).   

• If it cannot be installed at the base of the fill, install the DRC with a grade steeper than the 
inboard ditch draining to the culvert inlet, and then install a downspout on the outlet to 
carry the culverted flow to the base of the fillslope (Figure X-20). 

• Downspouts longer than 20 feet should be secured to the hillslope for stability.  Full round 
downspouts are preferred over half-round downspouts. 

• Ditch relief culverts should not carry excessive flow such that gullying occurs below the 
culvert outlet.  Use field evidence and culvert spacing tables (e.g., PWA 1994) to provide 
guidance on proper culvert spacing along upgraded roads. 

• Do not discharge flow from ditch relief culverts onto unstable or highly erodible 
hillslopes. 

• If the ditch is on an insloped or crowned road that is very close to a stream, consider using 
outsloping to drain the road surface.  The ditch and the ditch relief culvert would then 
convey only spring flow from the cutbank, and not turbid runoff from the road surface.  
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Figure X-20. Typical ditch relief culvert installation. 
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Rolling Dip Installation 
• Install rolling dips in the roadbed as needed to drain the road surface.  Rolling dips 

can be sloped either into the ditch (use sparingly) or to the outside of the road edge 
(preferred design) as required to properly drain the road and disperse surface runoff.   

• Rolling dips should be located frequently enough to prevent erosion on the hillslope 
below the road and placed where they will not cause instability or gullying.  To the 
extent that they can be, outboard sloping rolling dips should be coincident with 
natural drainage swales that are well-vegetated.  They will likely need to be 
constructed at many other locations as well.  

• Do not discharge rolling dips or ditch relief culverts into swales that show signs of 
instability or active landsliding. 

• If the rolling dip is designed to divert both road surface and ditch runoff, block the 
down-road ditch with compacted fill.  Ditches that carry a large volume of spring 
flow should probably be drained using ditch-relief culverts rather than rolling dips.  

• Rolling dips are usually built directly across the road alignment with a cross grade at 
least one percent greater than the grade of the road (so that it will drain). 

• Excavate the rolling dip with a medium size bulldozer (D-7 size) with rippers or 
with a grader. 

• Begin excavation of the dip approximately 50 to 100 feet up-road from the proposed 
axis of the dip (Figure X-19).  Progressively excavate material from the roadbed, 
with the grade becoming steeper, until reaching the axis (Figure X-21). 

• Determine the depth of the dip, by the grade of the road (Figure X-19).  In all cases, 
rolling dip dimensions must be consistent with the type of vehicles that will be using 
the road (Figure X-21). 

• On the down-road side of the rolling dip axis, install a grade change to prevent 
runoff from continuing down the road.  Carry the rise in grade for about 15 to 25 
feet, or more, and then fall back to the original slope (Figure X-21).  The axis of the 
dip must be a broad “u” shape to facilitate good driveability. 

• In all cases, the rolling dip must be driveable and not significantly inhibit traffic and 
road use.  It must also effectively drain the road surface. 



CALIFORNIA SALMONID STREAM 
HABITAT RESTORATION MANUAL 

 

 
UPSLOPE EROSION INVENTORY AND 
SEDIMENT CONTROL GUIDANCE X-80 March 2006 

 

Road 
grade 

% 

Upslope approach 
(distance from up-

road start of rolling 
dip to trough) (ft) 

Reverse grade 
(distance from 
trough to crest) 

(ft) 

Depth below 
average road 

grade at discharge 
end of trough (ft) 

Depth below 
average road 

grade at upslope 
end of trough (ft) 

<6 55 15-20 0.9 0.3 
8 65 15-20 1.0 0.2 
10 75 15-20 1.1 .01 
12 85 20-25 1.2 .01 

>12 100 20-25 1.3 .01 

 

Table X-7. Table of rolling dip dimensions. 
 

 
Note:  Rolling dips must drain the road surface and be driveable for the expected traffic. 

Figure X-21. Use of rolling dips to reduce ditch erosion and surface runoff. 
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Upslope Restoration Treatment Production Rates 
Upslope restoration treatments consist of both heavy equipment and manual labor tasks.  Heavy 
earth moving tasks, such as landslide excavations and road upgrading or decommissioning, often 
entail 80% to 95% of the total project costs.  Upslope restoration project manual labor consists of 
such tasks as:  culvert installation, installation of trash racks and culvert downspouts, flared inlet 
assembly and installation, gully control, stream bank protection, planting, seeding and mulching.  
On individual sites, there is generally a mix of heavy equipment and manual labor work. 
 

Heavy Equipment Guidelines 
Restoration involving heavy earth moving equipment can involve a wide range of equipment 
types.  The key is to match the size of the equipment with the size of the job.  If the job requires 
extensive excavation, large equipment can move greater amounts of material faster than smaller 
equipment for an overall cost saving, even though hourly cost rates are higher.  If space or 
excavation volumes are limited, smaller equipment will be most cost-effective. The three most 
commonly used equipment types for road restoration are: 

• Hydraulic excavator, with 1.5 to 3 yd3 bucket and thumb; 
• Crawler tractor (D5, D6, or D7 size, with hydraulic rippers and a U-blade, 3-way 

blade or 6-way blade); 
• Dump truck (10 yd3). 

 
Other equipment frequently used on upslope restoration projects include backhoes, road graders, 
front-end loaders, compactors, water trucks, tractors with a winch, D-8 sized tractors and 20-30 
yd3 off-highway dump trucks. 

Safety 
A complete discussion of worker safety requirements, including those for laborers and equipment 
operators, is beyond the scope of this document.  However, common sense practices and basic 
accident prevention techniques are required of all contractors, workers and supervisory personnel 
on a restoration project site.  Safety should be the prime consideration on all jobs. Equipment 
operators know their personal limitations and strengths, and supervisory personnel should not 
request operators to perform tasks that are beyond their ability or comfort level.  Department of 
Fish and Game grants contain specific provisions regarding required safety measures that must be 
followed during the conduct of State grants.  Among others, these include:  

• Pre-work safety sessions and grant requirements 
• Development of a workers safety plan in case of accidents including appropriate first aid 

kits, ear plugs for work around heavy equipment, hard hats, high visibility clothing or 
safety vests, and appropriate field clothing and protective gear 

• Fire safety plan; charged and appropriately sized fire extinguishers, emergency fire 
fighting hand tools (like a Pulaski fire axe), and spark arrestors on heavy equipment (or 
require turbo charged machinery) 

• Equipment oil and fuel spill prevention plan and spill response kits  
• Communication tools, including CB radios for travel on back roads to and from the work 

site and development of pre-determined hand signals during equipment operation 
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It is also recommended that erosion control practitioners have basic training and certifications in 
first aid and cardiopulmonary resuscitation (CPR).  Specialized training in swift water rescue (for 
work on larger streams), wildland firefighting, emergency medical technician and confined space 
awareness (for trenches and culverts) can also be useful for some projects and personnel. 

Equipment Production Rates 
Most upslope restoration involves some type of excavation work.  Excavation is involved in some 
types of landslide treatments, culvert installations and culvert replacements, and stream crossing 
installations for road upgrading, as well as decommissioning tasks such as stream crossing 
excavations, road outsloping, and excavations associated with road fill failures.  Listed below are 
example production rates used to estimate job times and costs.  Production rates include all work 
associated with excavations, not just digging dirt.  Adjust time according to actual excavator 
production rates. 
 
Stream Crossing Excavations 
Excavator with 1.5 yd3 bucket and thumb: 

• Direct excavating of soil, 50 – 75 yd3 per hour; 
• Excavating extensive organics (such as Humboldt stream crossings) or excavating 

complicated long, deep and/or steep crossing fillslopes, 35 – 50 yd3 per hour. 
 

Sidecast Fill Excavations 
Excavator with 1.5 yd3 bucket and thumb: 

• For clean sidecast dirt, 100 -120 yd3 per hour; 
• For sidecast with extensive organic debris or if many trees exist to work around, 50 - 100 

yd3 per hour. 

Compaction 
Proper compaction is very important in a variety of restoration project activities including: culvert 
installation, armored fills, rolling dips, and development of spoil disposal sites.  Compaction 
during the dry summer months, when most restoration work is accomplished, will likely require 
the use of water trucks and artificial wetting of dry soil materials.   

Pumping and Flow Diversion 
Project work in live streams requires that the work site be dewatered and flow diverted around the 
site when equipment is working.  Dewatering is performed to keep soils and excavated materials 
as dry as possible during work activities, and to reduce the potential for causing excessive erosion 
and downstream water quality impacts.  If streams in the project area are live (flowing) delay 
instream work until the last possible moment, so that flows have dried up or are at a low point for 
the season.  It is always best to work in dry streambeds. 
 
Dewatering can be accomplished on small streams by diverting flow around the project site.  
Flows can be diverted with pumps or passive (gravity) systems such as side channels, constructed 
canals, or flexible pipe.  Flow diversions require careful consideration of the backwater effects on 
diversions, pump capacities, diversion-channel capacities, and the need for temporary erosion 
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protection to prevent scour at the point where the water is returned to the natural channel 
downstream of the project site.   
 
On larger streams, coffer dams can be used.  Cofferdams are temporary watertight dams that may 
be used to impound the flowing water so that it can then be diverted around the project site.  
Coffer dams can be constructed by excavating into the alluvial stream bed (to capture both 
surface flow and intergravel flow) or by building a small dam to block flow in the channel.  The 
diverted flow is then returned to the natural stream channel downstream of the work site.   
 
Regardless of the technique employed, dewatering systems should be able to divert the one-year 
flows anticipated during the period of construction (i.e., the greatest flow with a 100-percent 
chance of occurring during the construction period).  The possibility that the system will be 
overwhelmed by storm flows should also be planned for in the dewatering design. 
 
In Class 1 streams, install screens upstream and downstream of the affected reach, then have a 
qualified fisheries biologist remove all fish and amphibians, prior to initiating flow diversions and 
dewatering.  Similarly, a plan must be in place to recover any fish that might be left behind when 
the water is gone.  Contact the Department of Fish and Game prior to initiating flow diversions in 
Class 1 streams.  Dewater streams by gravitational diversion of stream flow in flexible pipes, or 
by using gas-powered pumps that can lift water out of and around the work site.  Unless the 
stream reaches have been isolated and cleared of fish, pumps used in fish-bearing streams will 
require screens designed to DFG and NMFS specifications to prevent loss of fish.  Whenever 
pumps are used, backup pumps and hoses should be available on-site in case of equipment 
breakdown.  Pumps require on-site management; if pumps will be used only during the standard 
work week, then a plan for gravity diversions during nights and weekends will need to be in place 
until the site work is completed. 
 
Specifically designate personnel to monitor and maintain each site diversion so as to minimize the 
potential for construction-related sediment releases.  Limit diversions to the dry season operating 
period (before October 15) and only install diversions when weekly weather forecasts do not call 
for rain.  Install silt fences, straw bales or other flow-filtering measures in the channel to reduce 
turbidity and suspended sediment when flow is reestablished through the work site.  Strictly 
follow all requirements listed in the DFG 1600 Streambed Alteration Agreement for each site.   

Mulching, Seeding, Planting 
Cost-effective labor techniques include mulching, seeding and planting.  Completely cover bare 
soil areas where surface erosion may deliver sediment to a stream with mulch, such as weed free 
straw.  Rates of about 4,000 pounds per acre, or approximately 50 bales/acre of straw meet this 
standard.  Use mulch to cover seed to improve microclimatic conditions for germination and 
seedling survival.  Seeding and mulching rates are highly variable, depending on the seed mix 
used.  Consult your local extension office, Natural Resource Conservation Service (NRCS), 
Resource Conservation District (RCD), or seed supplier for recommended rates of application and 
local site conditions.  Mulching, seeding and planting are often good cost share jobs for 
landowners and volunteers. 
 



CALIFORNIA SALMONID STREAM 
HABITAT RESTORATION MANUAL 

 

 
UPSLOPE EROSION INVENTORY AND 
SEDIMENT CONTROL GUIDANCE X-84 March 2006 

Typical Road Upgrading and Road Decommissioning Costs  
Costs for road upgrading and road decommissioning are highly variable and depend on a host of 
factors (Weaver and Hagans in press).  General cost-estimating rules are not available, and 
extrapolating documented costs from an actual project to another is risky without close 
evaluation.  See Tables X-3 and X-4 for generalized, estimated costs for a number of road 
upgrading and road decommissioning tasks.  Table X-8 gives estimated cost ranges for road 
reaches developed from watershed inventories and actual forest and ranch road projects 
completed in northern coastal California between 1995 and 2000. 
 

Road restoration activity Typical unit costs1 

Road upgrading (watershed-wide average, 100-year design) $15,000 - $40,000/mile 
Road upgrading (high priority road - moderate to high difficulty) $45,000 - $75,000/mile 

Road decommissioning  (range of roads from ridge spurs to 
moderate complexity mid-slope roads) $2,000 - $35,000/mile 

Road decommissioning (moderately difficult roads) $25,000 - $50,000/mile 

Road decommissioning (difficult roads and/or full recontouring) $50,000 - $100,000+/mile 
1 Example unit costs for road upgrading and road decommissioning are from 2000 to 2005 project data for a number of roads and road segments 
treated in north coastal California (PWA, unpublished). 

Table X-8. Estimated road restoration cost ranges. 
 
In general, overall road restoration costs closely correlate with the frequency of sites along the 
road and the volume of soil moved to perform the necessary erosion prevention and erosion 
control treatments.  The higher the site frequency and the larger the sites, the more expensive it 
becomes.  Widely spaced projects can significantly increase move-in/move-out costs.  In addition, 
projects and sites requiring endhauling of excess spoil material are typically more expensive than 
similar projects where spoil is stored locally. 
 

Implementation Methods 

There are several ways to accomplish restoration work.  These include direct contracting, 
equipment rental and in-house for landowners with equipment.  Each method has advantages and 
disadvantages. 

Contracting 
Contracting is a common way to accomplish restoration projects.  This starts by developing a 
written description of the job and the desired finished product, then soliciting bids to perform the 
work.  Consider the following before deciding to contract out a project. 

• Contracted restoration work requires extensive up-front planning, the development of 
enforceable specifications and project layout.  Lay out the job as accurately (typically 
using surveys and grade staking) and as precisely as possible so that the contractor knows 
exactly what they are bidding on and what they will be responsible for in the end. 
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• Contractors usually bid vague projects high because they are not sure what will be 
required or what they may encounter. 

• Any encountered changes (increases) in the job require a change-order in which the 
contractor may be charging a premium price. 

• Preparing detailed project specifications, volume surveys and/or grade staking is a 
complicated and time-consuming job that represents a substantial investment in up-front 
time and money.  This planning effort may not be possible due to personnel limitations or 
restricted timeframes. 

• Awarding a contract to the lowest bidder is not always best.  Depending on the contracting 
evaluation rules, this can encourage low-ball bids and may require acceptance or use of 
less qualified or less experienced contractors. 

Equipment Rental 
Under this method, hire contractors on an hourly basis (equipment with operators) and technically 
supervise the contractors to complete the restoration work on an hourly basis.  This is termed a 
time-and-materials contract. 

• Seek to hire equipment operators skilled and experienced in erosion prevention and 
control techniques. 

• If equipment operators are less experienced, the on-site supervisor must be able to provide 
technical guidance.  As described elsewhere, some types of projects will require 
supervision by professional geotechnical specialists.  On-site supervision or oversight is 
important for all projects, but becomes even more critical when using inexperienced or 
unfamiliar operators.  For reasons of safety and project cost-effectiveness, inexperienced 
contractors and operators should not be hired for restoration projects. 

• This allows modification of work, without the need for change orders, when encountering 
unexpected conditions in the field.  This added flexibility is often important. 

• The equipment rental rate is set for all restoration work, regardless of the nature and 
magnitude of the project. 

• Contractors are likely to provide favorable rates because they know they will be paid for 
all work they complete (there is little or no risk on their part). 

• It is possible to replace contractors if their performance is not up to required standards. 

In-house 
Some landowners have in-house capability to conduct upslope restoration, especially road 
upgrading and decommissioning, using their own equipment.  To be successful, equipment 
operators and supervisors must have experience with the types of restoration treatments being 
implemented.  Because they are typically in business for other purposes (e.g., logging or 
ranching) restoration experience of available in-house operators may be lacking. 

• Hourly rates for the use of in-house heavy equipment are frequently lower (more 
favorable) than for contracting or equipment rental. 

• In-house capability is typically the indirect result of having heavy equipment purchased 
for other purposes such as logging.  As such, available equipment may not be perfectly 
suited for the restoration work.  If a special piece of equipment is required to complete the 
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work (e.g., a larger excavator, or a dozer with a 6-way blade and rippers, etc.), do not 
compromise the cost-effectiveness of the entire project by not requiring the landowner to 
lease or rent the proper equipment.  This is often a disadvantage. 

• Many landowners have old equipment that is subject to frequent breakdowns. 
• In-house equipment operators and laborers who are hourly employees are more likely to 

work restricted hours (to avoid overtime) as compared to a contractor or owner/operator 
who will work full days.  With a limited summer work schedule, long work hours are 
often a necessary component of successful restoration projects. 

• Equipment shortages are likely to occur if the landowner or land manager prematurely 
moves the equipment off-site to conduct logging or other activities. 

 

QUALITY CONTROL, DOCUMENTATION AND MONITORING 
Quality Control Measures 

Quality control measures implemented in the field before and during the on-the-ground work help 
ensure the most effective, efficient techniques are applied, and that projects meet the established 
design standards.  There are a number of ways that incorrect implementation can result in 
ineffective projects, excessive costs and/or environmental damage.  A quality control/assurance 
program can help prevent these occurrences.   Various procedures can be instituted that will 
increase the probability that the proposed restoration work is effectively and cost-effectively 
implemented by heavy equipment contractors and labor crews.  

Selecting Contractors and Operators 
Trained and experienced contractors, equipment operators and technical specialists are one of the 
most important keys to completing effective and cost-effective upslope restoration work.  High 
quality work is much more likely to occur by screening operators for experience, skill and the 
proper heavy equipment prior to selection.   
 
Check certifications, past job experience and professional references to ensure that contractors, 
equipment operators, engineers and geologists that are to be selected for the job are appropriately 
licensed and skilled.  Request and check references and job performance for similar projects.  
Specifications of heavy equipment required for the job should be stated and checked against those 
listed by the contractor or operator.   

Adaptive Project Design 
Prior to heavy equipment or laborers arriving to conduct restoration work, check final 
prescriptions and clearly flag each work site.  Marking should be sufficiently explicit to provide 
complete guidance as to the boundaries and general prescriptions for the treatments.  Review the 
entire project area in the field.  If conditions have changed since the original prescriptions were 
developed, prepare revisions to the original site plans.  The discovery of new sites due to changed 
conditions, or sites originally overlooked, require site plans and prescriptions be prepared for 
additional restoration treatments.  Finally, identify and flag treatments for surface drainage 
improvements along the roadbed.  These treatments include the exact location of rolling dips, 
crossroad drains, ditch relief culverts and other work items originally prescribed but not precisely 
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located.  If skilled operators are used, they can often perform the road drainage tasks on their 
own. 

Pre-treatment Orientation Tour 
Take the lead contractor, lead equipment operator and on-site labor supervisor on a pre-work field 
tour of the restoration project area to review all proposed treatments.  The project supervisor who 
has intimate knowledge of the proposed treatment plan should lead the field inspection.  Give the 
operator a complete treatment-log that describes the proposed treatments to be completed along 
the road (by milepost) or at other work areas. 

Treatment Summaries 
During the orientation tour, provide equipment operators and labor leaders a clearly written site-
by-site summary of the treatments that are in the project work plan. 

Measurable Standards 
Provide contractors, equipment operators and the labor crew leader a list of typical standards, 
specifications, and/or technical drawings to be met for each general restoration treatment included 
in the project (e.g., the typical standards for a decommissioned stream crossing excavation; 
mulching, rolling dips and ditch relief culvert installation, etc.).  These standards should be 
included in the site-specific treatment summaries provided to the operators. 

Technical Supervision and Oversight 
An important quality control practice is to have technically trained and experienced project 
supervisors on-site regularly during operations.  Their job is to interpret and answer questions 
about the treatment prescriptions, to provide general guidance to the operator or labor crew leader 
on specific design requirements for each site, and to verify and approve completed work.  
Inexperienced operators should have careful and ongoing supervision until their skills, judgment 
and performance consistently meet expectations.  Road decommissioning requires frequent 
inspections because access is cut-off as work proceeds.  Mistakes made during road 
decommissioning are difficult to correct or repair.  Rarely can labor crew treatments prevent or 
correct erosion problems caused by poor or inadequate heavy equipment work. 
 

Documentation 

Documentation and Monitoring 
Documentation of work performance and monitoring of restoration effectiveness are two 
techniques that allow for adaptive management at a relatively short and useful time scale.  For 
example, use documented equipment operations and productivity to institute more efficient 
treatment procedures.  Use qualitative and quantitative monitoring of project performance in the 
first few years following restoration work to alter procedures and prescriptions for current and 
future projects.  Thus, effectiveness monitoring for adaptive restoration can consist of simply 
reviewing the erosion response of a variety of past restoration projects and identifying techniques 
that have worked well and others in need of modification.   
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Documenting Work Activities 
Document work procedures and production rates for various restoration tasks to improve the 
efficiency and the cost-effectiveness of on-the-ground restoration projects.  Document work effort 
by direct observation of operations, by measuring a sample of production rates (e.g., counting 
dump truck loads or excavator buckets) or by requiring contractors (operators or laborers) to keep 
accurate records of work production on a site-by-site basis. 
 
At a minimum, have equipment operators keep a daily record of work accomplishments (hours 
spent, loads hauled, etc.) on a site-by-site basis.  Table X-9 provides a sample form for operators 
and laborers to complete on a daily basis.  Compare actual work with the treatment prescriptions 
of the restoration plan. 

Project Site Implementation Reporting 
The project leader should take before and after photos from selected photo-point locations (Hall 
2002), assemble and analyze production records from the operators, and check production data by 
surveying selected sites to determine actual volumes or by counting/timing equipment activities 
(Table X-9) The project leader also must review each project to confirm the quality and quantity 
of work performed. 
 
The implementation report should contain many similar elements to the summary report.  Report 
the quantities as known rather than estimates (Appendix X-D).  This information forms the basis 
of implementation monitoring and is very important for post-project effectiveness monitoring 
used in evaluating the success of the upslope restoration efforts. 
 
The completed implementation report should contain the following information: 

• Project identification # 
• Project location (descriptive location) 
• Map of watershed (location map, showing relationship of project area to region) 
• Map of project area and roads treated, which shows: 

o Base information (streams, roads, sections, contours (optional), scale, north arrow, 
stream labels, road names, cultural features) 

o All roads within the treatment area (whether treated or not), including symbols for 
current maintenance status (maintained roads, and abandoned (unmaintained) 
roads) and treatment status (treated and untreated) 

o All treated and untreated sites, including: 
 All stream crossings, showing which ones were actually treated 
 Potential and active landslides which were treated 
 Ditch relief culverts and other ditch drains 
 Gullies and other fluvial erosion features 

• Other pertinent maps of the project area, including but not limited to geologic maps, 
landslide hazard maps, and fault location maps. 

• Project report should contain the following information: 
o Introduction (setting, problem, purpose of restoration project) 
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o Site characterization, areas of concern, landslide and fault location information or 
other hazards and/or limitations on activities. 

o Methods, including:  
 What was done (planning, gear-up, implementation, documentation, 

monitoring) 
 Describe documentation data that was collected (production rates, volumes, 

etc.) 
 Describe monitoring efforts initiated (photo points, surveys, etc.) 

o Results of implementation work, including work accomplished and costs, 
including: 

 Description of deviations from original plan or proposal 
 Layout work completed (flagging, prescription marking, etc.) 
 Move-in and move-out, and site preparation work (e.g. road opening) 
 Description of actual treatments (keyed to the site map), including: 

• Road upgrading (show and describe upgraded roads) 
• Road decommissioning (show and describe roads decommissioned) 

 Describe treatments and sites recommended for treatment (including 
stream crossings, fillslopes, and surface erosion treatments) 

o Cost analysis, including:  
 Actual equipment rates (cost/hr) and hours for each site 
 Actual manual labor rates (cost/hr) and hours for each site 
 Total site costs (all site costs added together) 
 Equipment move-in and move-out costs (lowboy) 
 All other project costs not listed above (specify) 
 Total costs for entire project (equipment + labor + materials + other) 

o Cost-effectiveness analysis, including: 
 Total measured or estimated sediment savings (yds3) 
 Total project cost-effectiveness (cost/yd3 of sediment delivery prevented) 
 Explain any differences between projected and actual costs and sediment 

savings 
o Sources of funds used in project. 
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Monitoring 

Effectiveness Monitoring 
Qualitative and quantitative site and project monitoring techniques can be undertaken with the 
specific objective of documenting the performance of various watershed restoration treatments or 
for documenting post-restoration erosion rates on treated areas.  Detailed monitoring protocols for 
upslope erosion prevention and erosion control work is beyond the scope of this chapter.   

Site Monitoring 
It is not always practical to monitor all sites of a large restoration project.  Prior to 
implementation, select a representative range of sites of varying complexity and type (e.g., stream 
crossings, fillslopes, road surface treatments, etc.) to monitor.  Two types of monitoring can be 
useful: 

• “Topographic” surveys - These surveys document the volume of spoil excavated, as well 
as erosion changes or slope movements that occur in the post-restoration period.  Conduct 
simple surveys, using a tape and clinometer, or auto-level, before restoration activities 
begin.  After the work is completed repeat the survey, and at irregular intervals thereafter.  
A tag line cross section survey (stretch a taught line across an excavated stream channel 
between monumented endpoints, and take measurements of the ground surface beneath 
the line) is an especially simple and useful way to document channel changes (erosion) 
following stream crossing decommissioning.  Void measurement of erosional features is 
another way to monitor and document changes to a treated site. 

• Photo points - Install monumented photo points (Hall 2002) at selected work sites to 
document before and after scenes of restoration work sites (Table X-10).  This type of 
monitoring is especially useful to portray the nature of the restoration work that is 
undertaken.  Carefully planned and executed photo documentation will graphically portray 
project effectiveness through time.  Monitor revegetation of work sites though sample plot 
inventories, or more generically through photo point monitoring.  Consistent photographs 
include site documentation, photo point number, date, time, lens, weather (sun/shade), 
compass direction, orientation (vertical or horizontal), landmarks and other identifying 
data.  Re-take photo points using the original photo to duplicate the exact framing of the 
scene. 

Process Monitoring 
Although more difficult than site monitoring, geomorphic processes operating at restoration sites 
can also be monitored through time.  Use site monitoring, such as tag line channel cross-section 
surveys, to monitor channel change through time.  In addition, perform sediment sampling above 
and below work sites to document sediment delivery to stream channels from the restoration sites 
both before and after implementation work (Klein 2003).  Process monitoring requires a relatively 
long term, continuing commitment of personnel and money beyond what is typically required for 
most intermittent site monitoring activities.  In general, the closer the monitoring station is to the 
work site, the more likely you will be able to attribute monitoring trends to restoration actions. 
 
Upland restoration is recognized as partly science-based and partly art.  This makes the process of 
experimentation and extrapolation of monitoring findings difficult.  In a sense, most projects 
contain elements that can be considered experimental.  The challenge for effectiveness 
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monitoring projects is to be able to uniquely identify restoration projects or project components 
that have measurable parameters that will allow comparisons to a class of projects (Switalski et 
al. 2003).  In this way hypotheses can be successfully tested, differences identified and results 
extrapolated.  Results will provide a better basis for design and implementation and should 
eventually lead to better projects. 
 
As with any monitoring project, the study objectives (the questions to be answered) will 
determine the methods that are used.  A complete and thorough study design will be the 
foundation of any successful monitoring project.  Both feature and process measurements may be 
included in a monitoring study (Kahklen 2001, Wemple and Jones 2003).  Depending on the need 
for associating specific stressing events with resultant geomorphic responses, process 
measurements may best be performed using automated data collection devices rather than manual 
sampling. 
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GLOSSARY 
 
Note:  The following terms and words are defined in the context of upslope restoration.  
Additional terms, concepts and words not included here are in Appendices X-A and X-B. 
 
Abandoned road - A road no longer maintained.  An abandoned road may be still driveable 
although overgrown with vegetation (see road abandonment). 
 
Abutment (bridge) - A solid foundation on each stream bank, which to secure the ends of a 
bridge.  Naturally occurring rock outcrops may serve as abutments.  Engineered abutments are 
generally constructed of concrete, logs or concrete or steel piers. 
 
Accelerated erosion - Erosion directly or indirectly influenced by human activities or land use.  
Accelerated erosion is erosion which is not natural or in excess of that occurring naturally. 
 
Active road - A road that is part of an overall road network that needs to be inspected and 
maintained. 
 
Anadromous fish - Fish that are born in freshwater, migrate to the ocean to grow, then return to 
freshwater to breed.  This includes salmon and steelhead trout, as well as several other species of 
fish. 
 
Angle of repose - The steepest slope or angle, sediment will freely stay without failing or sliding 
down slope.  The angle of repose of material without cohesion, like loose sand, is about 33 
degrees.  For material with some cohesion, the comparable term is the angle of internal friction.  
Slopes steeper than the angle of repose or angle of internal friction are likely to be unstable. 
 
Axis - The central line of a rolling dip, critical dip, or stream channel. 
 
Berm - A curb or dike constructed to control water and prevent roadway runoff water from 
discharging onto roadside slopes.  Many road berms are the unintentional result of years of 
grading. 
 
Borrow site - Excavation locations for sand, gravel and/or rock that is used in road construction 
activities.  Borrow pits and rock quarries in California may be subject to the new Surface Mining 
and Reclamation Act (SMARA).  This act requires landowners to develop site reclamation plans 
for many such sites (see rock pit). 
 
CEQA - The California Environmental Quality Act, requires public disclosure of the 
environmental impacts and alternatives associated with any project, including restoration projects. 
 
Check dam - A grade control structure used to prevent gully down cutting or to contain eroded 
soil from leaving a construction site.  It is common to use straw bale check dams in swales, 
ditches, and small channels and gullies to collect and store sediment eroded from a work site.  
Straw bale check dams quickly decompose.  They usually provide sediment storage or protection 
for only a single season.  Permanent check dams are difficult structures to correctly build and 
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require maintenance to function properly.  Check dams treat the symptom rather than the 
problem. 
 
Class I watercourse - For forestry purposes, those watercourses serving as domestic water 
supplies and/or those watercourses where fish are present or restorable. 
 
Class II watercourse - For forestry purposes, watercourses where non-fish aquatic species are 
present. 
 
Class III watercourse - For forestry purposes, watercourses that have no aquatic life present, but 
under normal high water flow conditions are capable of sediment transport downstream. 
 
Class IV watercourse - For forestry purposes, watercourses that are human made and supply 
water for domestic, agricultural, hydroelectric or other beneficial uses. 
 
Clinometer - A pocket field instrument which measures slope steepness in degrees and percent. 
 
CMP - An abbreviation for corrugated metal pipe, often used synonymously with culvert.  
Typically, metal culverts are galvanized steel or aluminum.  Many new culverts, especially in the 
18" to 36" diameter classes, are plastic. 
 
Cofferdam - A barrier constructed across a waterway to control the flow or raise the level of 
water. 
 
Compaction - Soil where an increase in bulk density (weight per unit volume) and a decrease in 
soil porosity results from applied loads, vibration or pressure.  Compaction is often achieved by 
using gas powered vibrators, rollers, or heavy equipment. 
 
Cost-effectiveness - In upslope restoration, the amount of money spent to prevent the delivery of 
a cubic yard of sediment to a stream.  Measure cost-effectiveness by the volume of sediment 
delivery prevented from entering a stream not the amount of material excavated by heavy 
equipment. 
 
Crossroad drain - A deeply cut ditch, excavated across a road surface, which drains the roadbed 
and inboard ditch.  Crossroad drains are more substantial and deeper than conventional water bars 
used to drain forest and ranch roads, and are steeper and more abrupt than rolling dips.  Properly 
constructed crossroad drains will often be deep enough to prevent vehicular traffic, therefore use 
them to close roads.  Crossroad drains are constructed (excavated) using a tractor, a hydraulic 
excavator, or a backhoe. 
 
Crowned - A crowned road surface is one which slopes gently away from the centerline (or near 
centerline) of the road and drains to both sides of the crown.  Crowning a road surface is one 
method of providing for surface drainage on roads built on flat terrain.  The inside half of the road 
drains inward to the cutbank and ditch, while the outside half drains out across the fillslope. 
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Crown scarp - A crown scarp is a visible fracture across the top of a landslide.  Lateral scarps 
run down the hillslope from the crown scarp.  For fill failures along the outside edge of a road, 
crown scarps, or cracks, mark the boundary between stable materials on the inside of the road and 
unstable fill on the outside edge of the road.  
 
Culvert - A transverse drain, usually a metal or plastic pipe, set beneath the road surface to drain 
water from the inside of the road to the outside of the road.  Use culverts to drain ditches, springs 
and streams beneath the road alignment. 
 
Cutbank - The artificial face or slope cut into soils or rock along the inside of a road. 
 
Debris flow – When a rapidly moving mass of rock fragments, soil and mud, saturated with 
water, flows down a hillside, with more than half of the particles being larger than sand size. 
 
Debris slide – The slow to rapid slide, of relatively dry and predominantly unconsolidated 
materials, moving down a hillside, involving down slope translation, with more than half of the 
particles being larger than sand size. 
 
Debris torrent – The rapid movement of a large quantity of materials (wood and sediment) down 
a stream channel during storms or floods.  This generally occurs in smaller, steep stream channels 
and results in scouring of the streambed. 
 
Decommission - To remove those elements of a road that unnaturally reroute hillslope drainage 
or present slope stability hazards.  The process of proactively abandoning a road by eliminating 
all significant risks of delivery until the road is needed in future years.  Decommissioning may be 
permanent or temporary (the road will be used again), but the treatments do not markedly differ.  
Decommissioning involves completely removing stream crossing fills and associated drainage 
structures and eliminating the risk of sediment delivery from unstable road and landing fills, and 
providing for permanent surface drainage (see road abandonment, road closure, and put-to-bed). 
 
Decompaction - See ripping. 
 
Ditch - A human-made channel constructed to drain water from one location to another.  Ditches 
are often located on the inside of the road (at the base of the cutbank - see inboard ditch), but they 
may also be located on the outside of a road, along a berm, on both sides of a crowned road or 
elsewhere on a slope. 
 
Ditch relief culvert - A culvert installed to drain water from an inside road ditch to an outside 
area, beyond the outer edge of the road fill.  Ditch relief culverts take the flow through or beneath 
the road surface.  Rolling dips or cross road drains can perform the same function taking water 
across the road in a trough. 
 
Diversion potential - A stream crossing has diversion potential if, when the culvert plugs, the 
stream would back up and flow down the road or ditch rather than directly over the fill crossing 
and back into the natural drainage channel.  If flow would divert beyond the hinge line of the 
stream crossing fill, the site has a diversion potential. 
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Downspout - A flume or trough attached (bolted) to a culvert outlet and used to convey water 
from the culvert outlet down over and beyond the road fill to prevent erosion.  Culverts placed at 
the base of the road fill discharge directly into the natural channel or hillslope and usually do not 
require a downspout.  Downspouts may be half round or full round.  Use full round downspouts 
(rather than half round) for a downspout on a stream crossing culvert. 
 
Drainage basin - See watershed. 
 
Drainage structure - A structure installed to control, divert or to cross over water, including but 
not limited to culverts, bridges, ditch drains, fords, water bars, road shape (e.g., outsloping or 
crowning) and rolling dips. 
 
Earthflow - A mass-movement landform and slow-to-rapid mass movement process 
characterized by down slope translation of soil and weathered rock over a discrete shear zone at 
the base, with most of the particles being smaller than sand.  Referred to as a soil glacier because 
of similarities in movement patterns. 
 
Endhauling - The loading and transportation of excavated material from a site, and the storage of 
the hauled material in a stable location where it cannot enter stream channels.  Dump trucks are 
most commonly used.  Mobile scrapers are used on large jobs. 
 
Ephemeral stream - A stream or portion of a stream that flows briefly in direct response to 
precipitation in the immediate vicinity and whose channel is at all times above the water table. 
 
Erodible soils - Soils that are prone to erosion by raindrop impact and surface runoff.  Granular, 
non-cohesive soils (such as soils derived from sand dunes or decomposed granite) are especially 
erodible. 
 
Erosion - The dislodgement of soil particles caused by wind, raindrop impact or by water flowing 
across the land surface.  Erosion usually refers to processes of surface erosion (raindrop erosion, 
rilling, gulling and raveling) and not to mass soil movement (landsliding).  Erosion is not 
synonymous with sediment delivery if eroded sediment re-deposits before reaching a 
watercourse. 
 
Erosion control - Treatments designed to control on-going erosion caused by raindrop impact, 
rilling, gulling, raveling and other surface processes. 
 
Erosion prevention - Preventing erosion before it has occurred.  Erosion prevention is typically 
less expensive and more effective than erosion control. 
 
Erosion-proof - See storm-proof. 
 
Fill - Consists of loose soil material that is placed or pushed (often by bulldozer) into low areas or 
onto a natural slope, and which is then compacted and built up to form a roadbed or landing 
surface. 
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Fillslope - That part of a road fill between the outside edge of the road and the base of the fill, 
where it meets the natural ground surface.  On a half-bench road built by sidecast construction, 
the fill typically extends from near the centerline of the road to the outside edge of the road and 
down slope to where the sidecast meets the natural hillslope.  
 
Filter fabric (geotextile) - A synthetic fabric manufactured and designed for use in subsurface 
and surface drainage applications.  Filter fabric is especially useful in maintaining a separation 
between coarse aggregate and finer native soil particles.  It comes in a number of different types, 
with different specifications and uses.  It is common to use filter fabric in a number of different 
road building settings.  Consult manufacturer's specifications before using a fabric for drainage or 
other engineering applications. 
 
Fish bearing - A stream known to support fish during some part of the year. 
 
Flared inlet - A flared or widened culvert inlet to increase its capacity and reduce the chance of 
inlet plugging and damage.  Attach flared inlets to the normal culvert inlet using a band or bolts.  
Mitered inlets, made by cutting a normal culvert at an angle, improve culvert efficiency and 
increase capacity. 
 
Fluvial - Pertaining to the processes of, or related to streams or flowing water. 
 
Ford (dry) - A rock, concrete or other hardened structure built on the bed of a swale, gully or 
usually dry stream, allowing vehicle passage during periods of low or no flow. 
 
Ford (wet) - A rock, concrete or other hardened structure built on the bed of a live stream, 
allowing vehicle passage during low flow periods.  A ford can also be a naturally stable section of 
stream that vehicles use in low flow periods. 
 
Geomorphic - Pertaining to the form or shape of the earth's surface, and to those processes that 
affect and shape the land's surface.  Geomorphic processes include all forms of soil erosion and 
mass soil movement, as well as other surface processes. 
 
Grading - Involves the excavation and movement of soil along a road alignment to an established 
grade-line during road construction or reconstruction.  Grading is one of the tasks of road 
construction, and is preceded by ripping and followed by surfacing.  Grading also refers to the 
mechanical smoothing of the roadbed to maintain a free-draining, smooth traveling surface. 
 
Gully (gullied) - An erosion channel formed by concentrated surface runoff, larger than one 
square foot in cross sectional area (1' deep by 1' wide).  Gullies often form from road surface or 
ditch runoff directed onto unprotected slopes.  Gullies are a symptom of a problem: too much 
water collected and discharged onto a hillslope. 
 
Headwater swale - A swale or dip in the natural topography that is upslope from a stream, at its 
headwaters.  There may or may not be any evidence of overland or surface flow of water in the 
headwater swale. 
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Humboldt log crossing - See log crossing. 
 
Inboard ditch - A ditch located on the inside of the road, usually at the foot of the cutbank (see 
ditch). 
 
Inner gorge - A geomorphic feature formed by coalescing scars originating from landsliding and 
erosional processes caused by active stream erosion.  The feature is identified as that area of 
stream bank situated immediately adjacent to the stream channel, having a side slope of generally 
over 65%, and being situated below the first break in slope above the stream channel. 
 
Insloped road - A road surface sloped in toward the cutbank.  Insloped roads usually have an 
inboard ditch that collects runoff from the road surface and cutbank. 
 
Intermittent stream - A stream that flows only at certain times of the year, as when it receives 
water from springs or from a surface source; a stream that does not flow continuously, as when 
water losses from evaporation or seepage exceed the available stream flow.  
 
Landing - Any place on or adjacent to a logging site (usually on a road) where logs are collected 
and assembled for further transport. 
 
Landslide - The down slope movement of a mass of earth caused by gravity is termed a 
landslide.  This includes, but is not limited to debris slides, torrents, rock falls, debris avalanches, 
and soil creep.  It does not include; dry ravel, raindrop erosion or surface erosion caused by 
running water.  Landslides may be the result of a natural erosion processes, such as earthquakes 
or fire events; or human disturbances such as, mining or road construction. 
 
Log crossing (Humboldt log crossing) - A drainage structure made out of logs or woody debris, 
sometimes laid in parallel to a stream channel, covered with soil.  Before the mid-1980's, log 
crossings were frequently used as permanent stream crossings instead of culverts or bridges.  Log 
crossings are highly susceptible to plugging and washout during storm flows.  Log crossings are 
used today only for temporary stream crossings that are to be removed prior to the winter period. 
 
Lowboy transportation - Long, low trailers used to haul heavy equipment (tractors and 
excavators) to a work site. 
 
Maintained road - A road whose cutslopes, road surface, drainage structures, and fillslopes are 
regularly inspected and repaired to prevent erosion and deterioration.   
 
Mass soil movement - Down slope movement of a soil mass under the force of gravity.  Often 
used synonymously with "landslide” common types of mass soil movement include rock falls, 
soil creep, slumps, earthflows, debris avalanches, debris slides and debris torrents (see landslide). 
 
Mulch - Material placed or spread on the surface of the ground to protect it from raindrop, rill 
and gully erosion.  Mulching is an erosion prevention treatment.  Mulches include wood chips, 
rock, straw, wood fiber and a variety of other natural and synthetic materials. 
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Outsloped road - A road surface sloped away from the cutbank toward the road's fillslope.  
Outsloped roads may or may not have an inboard ditch. 
 
Outsloping - To improve road drainage, by converting an insloped road to an outsloped road.  
Outsloped roads may or may not have an inside ditch to drain spring flow.  Outsloping can also 
refer to the act of excavating the fill along the outside of the road and placing and grading it 
against the cutbank, thereby creating an outsloped road surface. 
 
Peak flow (flood flow) - The highest amount of stream or river flow occurring in a year or from a 
single storm event.  Design stream crossing culverts to pass the 100-year peak flood flow. 
 
Permanent road - A road planned and constructed to be part of a permanent all-season 
transportation system.  These roads have a surface suitable for travel and, where applicable, for 
hauling of forest and ranch products throughout the entire winter period.  Permanent roads have 
drainage structures, at watercourse crossings designed to accommodate the 100-year flood flow.  
Permanent roads receive regular and storm-period inspection and maintenance. 
 
Put-to-bed - See decommission.  
 
Range finder - A hand-held field instrument used to measures distances less than 1,000 feet. 
 
Rill - An erosion channel varying in size from a rivulet, to one-foot square in cross section, that 
typically forms where rainfall and surface runoff is concentrated on bare fillslopes, cutbanks and 
ditches.  If the channel is larger than one square foot in size, it is a gully. 
 
Riparian - The banks and other adjacent terrestrial environs of lakes, watercourses, estuaries and 
wet areas where transported surface and subsurface freshwater provides soil moisture to support 
mesic vegetation. 
 
Ripping (of a road) - The process of breaking up or loosening compacted soil (e.g., skid trails, 
spur roads or landings) to better assure penetration of roots of young tree seedlings and to 
increase infiltration.  Use a tractor with rear-mounted, hydraulically operated ripping chisels to rip 
roads.  Also used are excavators, graders or other earth moving equipment.  Three or four passes 
is usually sufficient to decompact a normal road surface. 
 
Riprap - The rock placed on the ground, stream bank or gully to prevent or reduce erosion. 
 
Road abandonment - Road abandonment involves a series of proactive activities which erosion-
proof a road so that further maintenance will not be needed and significant erosion will not occur.  
In the past, road abandonment was synonymous with blocking the road and letting it grow over 
with vegetation, which led to significant erosion (see road closure and decommission). 
 
Road closure (proactive road abandonment) - A method of closing a road so that regular 
maintenance is no longer needed and future erosion is largely prevented.  The goal of road closure 
is to leave the road so that little or no maintenance is required for stability while the road is 
unused.  Road closure usually involves storm-proofing techniques including removing stream 
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crossing fills, removing unstable road and landing fills, installing cross road drains for permanent 
road surface drainage and other erosion prevention and erosion control measurers as needed.  
Proper road closure is not accomplished by blocking a road and walking away from it to let nature 
reclaim the road (decommission, road abandonment). 
 
Road failure - Damage to the roadbed, usually caused by a roadbed slump, fill failure, stream 
crossing washout or major gully, which prevents vehicular passage; not minor cutbank or fill 
sloughing incidental to road settling.  
 
Road grade - The slope of a road along its alignment is the road grade.  Road grades typically 
run up to a maximum of 20%, but may exceed this slope for short pitches. 
 
Road maintenance - Upkeep of a roads cutbanks, road surface, fillslopes, and all drainage 
structures, intending to prevent erosion and deterioration.  Road maintenance activities include; 
grading, ditch cleaning, brushing and culvert cleaning. 
 
Road runoff - Surface runoff drained from the road surface, usually as a direct response to 
rainfall. 
 
Rock armor - Course rock placed to protect a soil surface, usually from erosion caused by 
flowing or falling water.  Rock armor is one type of material used for energy dissipation at culvert 
outfalls. 
 
Rock pit - A large outcrop of bedrock developed for aggregate uses, such as road surfacing 
material and/or larger rock armor.  A borrow pit is an excavation from which material is removed 
for use in another location (see borrow site). 
 
Rolling dip - Shallow, rounded dip in the road that reverses road grade for a short distance, and 
directs road surface runoff in the dip or trough to the outside or inside of the road.  Construct 
rolling dips to allow vehicles to travel at normal or slightly reduced speeds. 
 
Rotational slide - A failure plain landslide that is arcuate and concave-up.  Its movement is 
predominantly rotational verses translational. 
 
Runoff - Water from rainfall or snowmelt that drains from hillslopes, or bare areas along roads 
and trails becomes runoff. 
 
Seasonal road - A road planned and constructed as part of a permanent transportation system 
whose use is restricted to periods when the surface is dry.  Most seasonal roads are not surfaced 
for winter use, but have a surface adequate for hauling of forest and ranch products in the non-
winter periods, and in the extended dry periods or hard frozen conditions occurring during the 
winter period.  Seasonal roads have drainage structures at watercourse crossings designed to 
accommodate the 100-year flood flow. 
 
Sediment delivery - The eroded material that is delivered to a stream channel.  Sediment delivery 
refers to the percent of material eroded from a site and delivered to a stream channel, as opposed 
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to that which is eroded but then stabilized on the hillslope and does not enter a stream.  Sediment 
delivery is not the same as erosion. 
 
Sediment yield - The quantity of soil, rock particles, organic matter, or other dissolved or 
suspended debris transported through a cross-section of stream in a given period.  Technically, 
sediment yield consists of dissolved load, suspended load, and bed load.   
 
Sidecast - Excess earthen material pushed or dumped over the side of roads or landings. 
 
Skid trail or tractor trail - A tractor-constructed trail usually built while logging or in response 
to fire control or prevention activities. 
 
Slope angle - The gradient of a slope, usually expressed as percent or degrees, but sometimes as a 
unit-less ratio (100% = 45Ε = 1:1; 50% = 26Ε = 2:1). 
 
Slope stability - The resistance to failure, of a natural or artificial slope, or other inclined surface 
by landsliding (see mass movement). 
 
Slump - An episodic, fast to very slow, mass movement process involving rotation of a block of 
hillslope or road along a broadly concave slip surface (see rotational slide). 
 
Soil texture - The relative proportion of sand, silt and clay in a soil; grouped into standard classes 
and subclasses in the Soil Survey Manual of the U.S. Department of Agriculture. 
 
Spoil (spoil materials) - Material (soil and organic debris) that is not used or needed as a 
functional part of the road or a landing.  Spoil material is generated during road construction and 
maintenance activities and during restoration work when stream crossings are upgraded or 
removed and unstable material is excavated.  Spoil may be stored locally (pushed) or it may be 
endhauled with dump trucks. 
 
Spoil disposal site - The location to place spoil material (woody debris and excavated soils) 
without the threat of accelerated erosion and sediment delivery, or initiating slope instability.  
Stable spoil disposal sites may include the cut portion of closed roads, the inside portion of 
landings and turnouts, and flat or low gradient natural benches.  Evaluate each spoil disposal site 
for its suitability before material is stored at the site. 
 
Spur road - A side road off a main trunk road or a secondary road.  Most spur roads are dead-
end. 
 
Storm-proof - Erosion control and erosion prevention activities which will protect a road, 
including its drainage structures and fills, from serious erosion and sediment delivery during a 
large storm and flood, as well as from chronic surface erosion and sediment delivery during 
normal runoff events.  
 
Stream class (1, 2, 3):  California stream classification methods are based on biological 
parameters, and not on flow conditions or the magnitude or frequency of stream flow. Class 1 
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streams are fish bearing, or provide a domestic water supply.  Class 2 streams provide habitat to 
macroinvertebrates and/or amphibians at some time of the year, but are not fish bearing.  Class 3 
streams move sediment but do not provide habitat to macroinvertebrates or amphibians.  
Biological classification allows restorationists to prioritize problems and proposed treatments 
based on their potential to affect aquatic resources.  Similarly, many in-channel treatments (e.g., 
the type of allowable culvert installation) are closely tied to the biological classifications.  
California stream classes do not correspond to generally accepted USGS classifications of 
perennial, intermittent and ephemeral streams.  Thus, the biological classification has little 
relevance to the frequency of flow or the size of the stream channel.  These factors are often 
necessary in designing effective in-channel and bank stabilization treatments. 
 
Stream crossing - The location where a road crosses a stream channel is a stream crossing.  
Drainage structures used in stream crossings include bridges, fords, culverts and a variety of 
temporary crossings.  If a stream diverts down a road to a ditch, it is a stream crossing. 
 
Stream crossing excavation - The excavation of the fill material used to build (fill) a stream 
channel crossing during road construction.  Specifically, this includes the removal of fill from 
culverted crossings, log crossings and fill (unculverted) crossings.  A stable stream crossing 
excavation must be dug down to the level of the original stream bed, with side slopes graded 
(excavated) back to a stable angle (usually 50% or less, depending on soil and site 
characteristics). 
 
Surface erosion - Soil particles detached and transported by wind, water or gravity.  Surface 
erosion can occur as the loss of soil in a uniform layer (sheet erosion), in many rills, gullies, or by 
dry ravel.  Surface erosion may deliver sediment to a stream channel. 
 
Surfacing (surface course) - The top layer of the road surface, also called the wear course.  Rock 
aggregate and paving are two types of surfacing used to weatherproof a road for year-round use. 
 
Swale - A channel-like linear depression or low spot on a hillslope that rarely carries runoff 
except during extreme rainfall events.  Some swales may no longer carry surface runoff under the 
present climatic conditions. 
 
Tag line cross section survey - A surveying technique for monitoring channel and gully erosion, 
taking vertical measurements from a taught level line stretched between fixed endpoints on either 
side of the channel to the ground surface.  Use tag line cross sections to monitor erosion of 
excavated stream crossings. 
 
Temporary road - A road used temporarily.  These roads have a surface adequate for seasonal 
hauling use and have drainage structures, adequate to carry the anticipated flow of water during 
the period of use.  Remove all drainage structures prior to the beginning of the winter period (see 
temporary stream crossing). 
 
Tension cracks - Cracks in the ground (usually in a road fill) that may indicate slope instability.  
Cracks that form as un-compacted fill material naturally settles, and may indicate the beginning 
of a potential fillslope failure. 
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Through-cut - A road cut through a hillslope or, more commonly, down a ridge, in which there is 
a cutbank on both sides of the road.  Through-cuts more than two feet deep are very difficult to 
drain and prone to forming gullies. 
 
Trash rack (debris barrier) - A barrier built just upstream from a culvert inlet to trap floating 
organic debris before it can plug the culvert.  Design trash racks or barriers to filter organic debris 
from flood flows.  All trash racks require periodic cleaning. 
 
Treatment prescription - A suggested treatment for erosion prevention or erosion control is a 
treatment prescription. 
 
Trough - A long depression between two ridges. 
 
Upgrade - Road upgrading consists of storm-proofing treatments designed to reduce the risk of 
road failure and the volume of sediment delivery from roads.  Treatments generally consist of 
upgrading stream crossings (to increase flow capacity and to prevent stream diversion), 
excavating unstable fillslopes (which would otherwise fail and deliver sediment to a stream 
channel), and disconnect road surface drainage from the natural stream network (thereby 
dispersing road surface runoff and preventing delivery of fine sediment to streams).  
 
Unstable areas - Areas characterized by mass movement features or unstable soils.  An example 
of an unstable area is hummocky topography consisting of rolling bumpy ground, with frequent 
benches, and depressions.  Short irregular surface drainages which begin and end on the slope, 
visible tension cracks, and head wall scarps and irregular slopes which may be slightly concave in 
upper half and convex in lower half as a result of previous slope failure also indicate unstable 
areas.  Evidence of impaired ground water movement resulting in local zones of saturation 
including sag ponds with standing water, springs, or patches of wet ground; hydrophilic (wet site) 
vegetation; leaning, jack-strawed or split trees; and pistol-butted trees with excessive sweep in 
areas of hummocky topography are generally unstable. 
 
Unstable soils - Characteristics of unstable soils include unconsolidated, non-cohesive soils 
(coarser textured than loam) and colluvial debris including sands and gravels, rock fragments, or 
weathered granitics.  Such soils are usually associated with a risk of shallow-seated landslides on 
slopes of 65% or more, having non-cohesive soils less than 5 feet deep in an area where 
precipitation exceeds 4 inches in 24 hours in a 5-year recurrence interval.  Soils that increase and 
decrease in volume as moisture content changes are unstable.  During dry weather, these 
materials become hard and rock-like exhibiting a network of polygonal shrinkage cracks and a 
blocky structure resulting from desiccation.  Some cracks may be greater than 5 feet in depth.  
When wet, these materials are very sticky, dingy, shiny, and easily molded. 
 
Washed-out stream crossing - A partially or completely eroded stream crossing fill washed 
downstream.  When a culvert plugs and stream flow backs up and flows over the roadbed during 
flood events washouts occur.  They are most common on abandoned roads, but may also occur on 
maintained roads in response to severe storm events. 
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Water bar (water break) - Shallow ditch excavated at an angle across a road or trail to drain 
surface runoff.  Water bars are typically built on seasonal or temporary roads receiving little or no 
traffic during the winter period. 
 
Watercourse - Any well defined channel with distinguishable bed and bank showing evidence of 
having contained flowing water indicated by deposit of rock, sand or gravel.  Watercourse also 
includes human-made watercourses (see Class I, II, III and IV watercourse). 
 
Water quality - The chemical and biological characteristics of a stream and lake water defines 
water quality. 
 
Watershed - The area or drainage basin contributing water, organic matter, dissolved nutrients 
and sediments to a stream or lake.  An area bounded mostly by ridges and drained, at its outlet, by 
a single trunk stream. 
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APPENDIX X-A.  INSTRUCTIONS FOR COMPLETING UPSLOPE 
INVENTORY DATA FORM 

 
ASAP (Y, N):  Enter “Y” if a site urgently needs treatment to prevent imminent damage 
to a stream, otherwise enter “N”. 
 

GENERAL INFORMATION 
Site No:  A unique systematic identification number assigned to a specific site.  Also, 
record the site number on the aerial photo Mylar overlay.  Use only numbers, not letters, 
for effective database searches. 
 
Treat (Y, N):  Enter “Y” if the final assessment recommendation is for site treatment; 
and "N" if not recommended for treatment. 
 
Watershed:  Write in the name of the watershed from the USGS 7.5 minute topographic 
map, (i.e. Bull Creek). 
 
Quad:  Write in the name of the USGS 7.5 minute quad. 
 
GPS:  Record the GPS coordinates for the specific site. 
 
CALWAA:  The California Watershed Analysis Area number assigned to the 
inventoried sub-watershed or land unit. 
 
Photo:  The flight line and frame number of the air photo used for mapping the location 
of this particular site.  Original field mapping information is contained on acetate or 
Mylar overlay for each of the aerial photos covering the assessment area. 
 
T/R/S:  From the USGS quadrangle, enter the township, range, and section for the site. 
 
Road Name/#:  Enter the road name or number where the site is located.  Many roads 
have posted names, such as the 500 Road.  For unnamed road systems, adopt a logical 
road numbering system for the survey and include the names on the final site map. 
 
Drivable (Y/N):  If the road is drivable, even if abandoned, enter “Y”; if there are 
obstructions, washouts or vegetation that make it impassible, enter “N”. 
 
Mileage:  For each drivable site, log a distance from start on the data sheet and a photo 
overlay map.  Typically, start recording mileage at the beginning of the road to the site.  
Use an odometer or vehicle mileage computer to record mileage to the nearest 0.01 mile.  
If the road is not drivable, enter the word "WALK" instead of a mileage.  The length of 
roads walked is determined later from digitizing maps or aerial photographs. 
 
Inspector(s):  Record the names or initials of the inventory crew.  List the data recorder 
first. 
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Date:  Record the date of the survey. 
 
Year Built:  Record the first year the road is visible on aerial photographs.  This is likely 
not the year it was constructed, but provides a frame of reference for its construction. 
 
Surface:  Check one.  Check “rock” for surfaced roads with pit-run or river-run rock, 
crushed or not crushed.  Unsurfaced roads are “native” roads or dirt roads, even though 
they may contain some natural rock.  Use “paved” for all roads surfaced with asphalt, 
concrete, or chip-seal. 
 
Status:  Check “maintained” for a maintained road or if there is evidence of maintenance 
activities having been performed recently.  Check “abandoned” for an abandoned, 
blocked, or not maintained road.  The road may still be drivable, but classify it as 
abandoned if there is no obvious maintenance at culvert sites, the ditches need cleaning, 
and vegetation has overgrown the roadbed.  Spur roads are also considered abandoned if 
their access is completely and permanently blocked.  A road is either “abandoned” or 
“maintained”.  Check “decommissioned” for a decommissioned road.  Check 
“decommissioned” if the stream crossings have been excavated and permanent surface 
drainage has been installed.  A gated road, an overgrown road or a road with a tank trap 
at the beginning does not qualify as decommissioned. 
 
Proposed:  Check “upgrade” if recommending upgrading the road.  Check 
“decommission” if recommending decommissioning the road.  The site must be identified 
as either upgrade or decommission, but not both. 
 
Sketch:  Enter “Y” if a site sketch is included on the back of the data form (Figure X-3).  
Enter “N” if a site sketch is not included. 
 

PROBLEM 

Occasionally, more than one problem may occur at a single site. 
 
Stream Crossing:  Enter “Y” if the site is a stream crossing.  Enter “N” if the site is not a 
stream crossing. 
 
Landslide:  Check “fill” if the site is a fillslope landslide involving the failure of sidecast 
materials along the outside edges of a road, especially those built on steep slopes, and 
around the outside edges of landings.  Fillslope landslides usually cut into the roadbed 
and the slide material is deposited down slope from the road.  Check “hill” if the site is a 
hillslope landslide above, across, and/or below the road, and involves more than just 
sidecast or cutbank material. 
Check “cut” if the site is a cutbank landslide occurring on the inside, or cut side, of the 
road.  Cutbank slides deposit material on the roadbed.   
 
Roadbed:  Check “bed” if the site involves erosion, rilling, or runoff from the roadbed.  
Check “ditch” if the site involves erosion from or runoff in the inboard ditch.  Check 
“cut” if the site involves erosion from a cutbank. 



CALIFORNIA SALMONID STREAM 
HABITAT RESTORATION MANUAL 

 

 
UPSLOPE EROSION INVENTORY AND 
SEDIMENT CONTROL GUIDANCE X-A-3 March 2006 

 
Ditch Relief Culvert:  Check if a ditch relief culvert (DRC) is delivering sediment to a 
stream channel.  Erosion at the outlet of a ditch relief culvert does not warrant 
classification unless the eroded sediment reaches, or could reach, a stream.  However, 
even a small gully or channel that extends from the outlet of a DRC down to a stream 
effectively connects the road and ditch to the stream, and merits classifying such a culvert 
as a site. 
 
Gully:  Check for a newly formed or actively eroding gully. 
 
Bank Erosion:  Check if the site involves eroding banks of a natural stream channel. 
 
Road Related: Enter “Y” if the potential or existing erosion problem is directly related to 
the road.  Enter “N” if the potential or existing erosion problem in not directly related to 
the road. 
 
Other Non-road Related Site:  If it is not road-related, check the location and land use 
associated with the on-going or potential erosion problem: 

□ home  
□ agricultural 
□ construction 
□ mining 
□ other site. 

If “other site” included description. 
 

LANDSLIDE 
Road or Landing Fill:  Check if the site involves failure of fill material on the outside 
edge of a road, landing, or pullout from loose material pushed over the road’s edge 
during construction or maintenance. 
 
Hillslope Debris Slide:  Debris slides move fast and are typically relatively shallow 
compared to deep-seated, slow moving landslides.  Debris slides may or may not turn 
into debris flows, depending on confinement, slope gradient and water content. 
 
Cutbank Slide:  Check for landslides confined to the cutbank on the inside of the road.  
Unless connected to an inboard ditch, these landslides just dump material on the roadbed 
and little or none of it gets into a stream channel.  Some of the bigger cutbank slides cross 
over the road and continue down slope into a channel.  Cutbank slides are usually just 
maintenance problems and do not often become sediment delivery problems. 
 
Hillslope Landslide of Unknown Type and Depth:  Check if the site is large with areas 
of multiple scarp systems running through natural slopes and/or across roads and skid 
trails.  Large hillslope landslides often have the following characteristics: emerging 
groundwater; leaning trees; active and inactive scarp systems; and episodic, seasonal 
movement from several feet to several hundred feet annually.  Some may not move 
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annually.  Most deep-seated hillslope landslides involve far more than just a road and are 
difficult and expensive to control. 
 
Potential Failure:  Check if the site has the potential to fail.  The site may be currently 
inactive and show no signs of movement in the last several years, but the scarps and other 
indicators suggest that during an especially large storm the instability could become 
active and fail or move down slope.  Potential failures may also be earth block 
remainders from a slide that previously failed.  If an unstable mass is on-site, even if it 
shows developed scarps and has moved or dropped several feet, classify the site as a 
potential failure. 
 
Past Failure:  Check if the landslide has already failed and appears to be inactive and 
partially or largely revegetated.  Gullies will often have armor lag deposits in the channel 
bed.  Landslides may be inactive even though vegetation is still sparse and it still looks 
bad. 
 
Slope (%):  Enter the percent slope of the hillside below the site.  This is the slope of the 
natural ground below the base of the fillslope, not the slope of the road fill looking from 
the outside edge of the road.  Take the measurement from the foot of the fillslope with a 
clinometer.  This is the steepness of the slope the slide mass would first have to travel 
over to reach a stream channel. 
 
Distance to Stream (ft):  Enter the distance in feet from a landslide site to the nearest 
stream.  Measure the distance from the foot or base of the potential slide down to the 
channel.  It is the minimum distance soil would have to travel to deliver sediment to a 
stream. 
 

STREAM 
Check the most appropriate type of stream crossing.  It is possible to have more than one 
crossing type at a single location (e.g., Humboldt and culvert). 

• culvert 
• bridge 
• Humboldt 
• fill 
• ford 
• armored fill. 

 
Excavated Crossing:  Check for an excavated stream crossing on an abandoned or 
decommissioned road. 
 
% Excavated:  Estimate the percent of the fill excavated.   
 
Ditch Road Length(ft):  Left: and Right:  Record in feet, the longest distance of the 
road and/or ditch which drains water to the stream crossing from each side.  This is the 
length of ditch and/or road contributing surface runoff and fine road sediment to the 
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stream crossing.  Measure the distance along the ditch/road on both the left and right 
approaches.  Right and left are determined when looking in the downstream direction. 
 
Culvert Diameter (in):  Enter the diameter of the culvert.  Typical choices include 12, 
18, 24, 30, 36, 42, 48, 52, 60, or 72 inches.  Measure each culvert with a measuring tape 
or pocket-rod because it is easy to estimate incorrectly. 
 
Pipe Condition (O, C, R , P )  Inlet:, Bottom:, and Outlet: Record the condition of the 
three components of a culvert pipe crossing: the inlet, the bottom, and the outlet.  Use the 
following codes:  “O” for OK; “C” for Crushed (if any dents block 20% or more of the 
culvert, consider it crushed); “R” for Rusted (severe, to the point of having holes in the 
bottom); “P” for Plugged (any blockage of the culvert exceeding 20%, consider it 
plugged). 
 
Separated:  Check separated if a culvert joint has separated.  Use a flashlight to 
determine if a separation exists.  In a separated culvert, flow may enter the culvert but not 
come out the other end.  Look for water flowing out from beneath the culvert outlet. 
 
Headwall (in):  Enter the headwall height on stream crossings with culverts.  Measure 
the vertical height from the bottom of the culvert inlet to the lowest point in the stream 
crossing fill where the water would begin to flow out of the crossing and down an 
inboard ditch, or over the road and down its outboard fillslope.  As long as water is 
ponding and backing up and not flowing down the road or over the crossing, the headwall 
height is not reached.  Note: Make some headwall height measurements to the inboard 
edge of the road and make others to the ditch.  The low point is merely the point where 
water would flow from the crossing inlet area if the culvert were to plug. 
 
Culvert Slope (%):  Enter the average slope of a culvert.  Take this measurement by 
looking up the culvert from the outlet, or down the culvert from the inlet.  Use a 
clinometer.  If the culvert is straight, place the clipboard in the culvert inlet, put the 
clinometer on the clipboard and read out the slope gradient.  If the crossing is on a fish 
bearing stream, see Part IX. 
 
Stream Class (1, 2, 3):  Enter the stream classification number.  Class 1 streams are fish 
bearing, or provide a domestic water supply.  Class 2 streams provide habitat to 
macroinvertebrates and/or amphibians at some time of the year, but are not fish bearing.  
Class 3 streams move sediment but do not provide habitat to macroinvertebrates or 
amphibians.  California stream classification methods are based on biological parameters, 
and not on flow conditions or the magnitude or frequency of stream flow.  Biological 
classification allows restorationists to prioritize problems and proposed treatments based 
on their potential affect aquatic resources.  California stream classes do not correspond to 
generally accepted USGS classifications of perennial, intermittent and ephemeral 
streams. 
 
Culvert Rust-line (in):  Inlet: and Outlet:  Enter the height of the rust-line at the inlet 
and outlet of the culvert.  This is the vertical distance between the bottom of the culvert 
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and the top of the rusted area in the pipe.  The inlet rust-line is generally the best 
indicator of pipe capacity for accommodating the stream’s flow and will have a higher 
rust-line than the outlet.  Plastic, aluminum, and concrete pipes will not have rust-lines, 
but may show scour or moss lines. 
 
Culvert Undersized (Y, M, N):  Enter “Y” for yes if there is field evidence a culvert is 
undersized.  Enter “N” for no if the field evidence indicates it will pass the design flow.  
Enter “M” for maybe if uncertain.  Describe the evidence in the comment section. 
 
Washed Out (%):  Enter the percentage of the fill material at the crossing that has 
eroded and is already gone.  If the entire fill washed out, enter 100.  Culverted stream 
crossings can wash out by having stream flow over the fill, by having extreme culvert 
outlet erosion, or by having a Humboldt log crossing develop sinkholes and subsurface 
gully erosion. 
 
Diversion Potential (Y/N):  Enter “Y” for yes if diversion potential exists.  If the culvert 
plugged and the water would flow down the road or inboard ditch there is diversion 
potential.  A stream has a diversion potential if the flow would leave the fill crossing and 
divert down the road past the fill’s hinge line, even if it would re-enter the natural stream 
channel at some distance down slope.  Enter “N” for no if there is no diversion potential.  
If the culvert plugs and floodwaters would flow straight across the road and spill back 
into their stream channel downstream of the road, there is no diversion potential.  If the 
crossing has no diversion potential, overflow might cause a washout of the road fill, but 
the stream flow would not divert out of its natural channel.  All stream crossings have 
either diversion potential or no diversion potential.  There are no other choices. 
 
Currently Diverted:  Check for a stream currently diverted down the road or ditch, or if 
there is evidence that even part of the peak stream flow currently diverts down the road or 
ditch. 
 
Road Grade (%):  Enter the road grade in percent.  Measure the downhill slope of the 
road leading away from the crossing or the direction a diversion would flow. 
 
Plug Potential (H, M, L):  Estimate the potential for the crossing to plug with sediment 
or woody debris (High, Moderate or Low).  The plugging potential is an estimate of how 
likely the culvert is to plug in the next big storm.  Plugging potential typically is higher 
for streams that transport significant organic debris and sediment.  Write “H” if the 
evidence for high plugging potential includes: 

• Culvert is currently plugged or partially plugged 
• Culvert is too small for the drainage 
• Culvert has plugged in the past (note terraces, ponding evidence, etc.)  
• Culvert has been cleaned once or more in the past as evidenced by scattered 

debris  
• Culvert inlet is damaged  
• Cutbank or slope failure threatens the inlet. 
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If the culvert is undersized, it still might not have a high plugging potential.  An effective 
trash barrier may reduce plugging potential.  Make note of a trash rack in the comments. 
 
Plugged (%):  Enter the percent of the culvert inlet or outlet that is currently plugged 
with sediment or organic debris. 
 
Channel Gradient (%):  Enter the slope of the natural channel upstream from the stream 
crossing.  Do not measure channel gradient in the flat reach influenced by the stream 
crossing and culvert inlet. 
 
Channel Width (ft):  The estimated width of the 100-year flood event channel.  Record 
the width of the expected flow dimensions in feet.  Measure channel dimensions in the 
undisturbed, natural channel above the influence of the road crossing. 
 
Channel Depth (ft):  The estimated depth of the 100-year flood event channel.  Record 
the depth of the expected flow dimensions in feet.  Measure channel dimensions in the 
undisturbed, natural channel above the influence of the road crossing. 
 
Sediment Transport (H, M, L):  Estimate the relative capability of the stream to 
transport sediment and thereby move sediment and debris down to the culvert inlet.  
Enter “H” for high, “”M” for moderate, or “L” for low. This is a subjective evaluation of 
stream competence and capacity that is used to provide qualitative information on culvert 
plugging potential.  If a lot of sediment is moving during annual high flow events, then 
sediment transport is high.  If the streambed has moss-covered cobbles that are stable, 
then transport might be considered low.  In performing an inventory, it is important to be 
consistent in classifying sediment transport so that sites can be ranked or compared 
against each other at the end of the assessment. 
 
Drainage Area (acres):  Enter drainage area of the sub-watershed draining to the stream 
crossing.  The drainage area is calculated later from a scaled topographic map or GIS 
map using a planimeter or dot grid, or employing a digitizer and GIS software.  Drainage 
area is necessary for calculating peak stream flow estimates and culvert sizes. 
 

FISH PASSAGE 
Fish passage data provides information to determine possible barriers to adult and 
juvenile fish migration on Class 1 streams (Part IX).  
 
Culvert Outlet Drop (in):  Measure the vertical height in inches from the bottom of the 
culvert to the water surface at the time of the survey.   
 
Bankfull Drop (in):  Estimate, based on channel bank scour lines, the bankfull outlet 
drop. 
 
Pool Size Bankfull Width (ft):  Measure the maximum width of the pool, in feet, below 
the culvert outfall, from the bank scour lines, at bankfull stage. 
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Pool Size Bankfull Depth (ft):  Measure the maximum depth of the pool, in feet, below 
the culvert outfall, from the bank scour lines, at bankfull stage. 
 

EROSION 
Collect information about past erosion, future erosion, and erosion potential for each site.  
Give estimates of how much past erosion occurred at the site, how much was delivered to 
a stream channel, how much future erosion is to be expected, how much will be delivered 
to a stream channel and the likelihood of future erosion. 
 
Erosion Potential (H, M, L):  Estimate the potential for future erosion, based on 
observation.  This is a qualitative evaluation of the likelihood of erosion, not a 
quantitative volume estimate.  Enter “H” for High if erosion is very likely to occur.  This 
does not quantify volume, or if the erosion will reach a stream channel.  For potential 
landslides, base erosion potential on the likelihood that the slide will move or continue to 
move in response to a large magnitude rainfall and runoff event.  For fluvial erosion, it is 
an evaluation of the likelihood of continued or future gullying in the event of a large 
magnitude rainfall and runoff event. 
 
Potential for Extreme Erosion:  Check if potential for extreme erosion and sediment 
delivery exists or if there is a potential for erosion of more than just the obvious road fill 
or stream crossing fill material.  This usually implies erosion or landsliding of original 
ground and may be associated with deep fill failures, torrenting of road fills in steep 
swales and the diversion of large streams onto steep, erodible or unstable hillslopes. 
 
Volume of Extreme Erosion (<500, 500-1,000, 1-2K, 2-5K, >5K):  Estimate the 
expected volume of erosion or slope failure from an extreme erosion event.  Enter one of 
the volume ranges of the potential extreme erosion. 
 
Past Erosion (yd3) (optional):  Enter the volume of past erosion for the site, derived 
from field measurements.  Enter width, depth and length measurements.  If the feature is 
complex, take several different measurements to account for the entire feature.  Show 
these measurements on the sketch.  Often small gullies form below outlets to ditch relief 
culverts where there is diverted road and ditch runoff to a slope that previously did not 
carry such concentrated flow.  These gully volumes are easily estimated using width, 
depth and length measurements.  The largest road-related gullies form when a stream 
diverts out of its natural channel and then discharges into another channel or onto a 
hillslope area.  These diversions can cause large gullies or even landslides and such 
erosion features are often down slope, out-of-sight of the road where the diversion 
originated. 
 
Past Delivery (%) (optional):  Estimate the percent of the past eroded material that was 
actually delivered to the stream channel system.  The rest should still be in storage on the 
hillside. 
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Total Past Delivery (yds3):  Past erosion (yd3) times past delivery (%).  This is the 
estimated volume of erosion that has been delivered to a stream channel. 
 

FUTURE EROSION 
Future Erosion (ft):,  Width:,  Depth:, and Length:  Measure the potential erosion 
feature, recorded as average width, depth, and length in feet.  If the feature is complex, 
take several different measurements to account for the entire feature.  These 
measurements describe the planimetric assumption used by field personnel to determine 
future erosion volumes and should be shown on the sketch map of the site.  For existing 
gullies, potential and existing landslides and potential stream crossing washouts, it is 
possible to estimate the volume of future erosion that is likely to occur.  Detailed 
descriptions on measuring and estimating future erosion volumes begin on page X-34. 
 
Future Erosion (yd3):  Calculate the volume of future erosion from the Future erosion 
measurements by using the formula width x depth x length, or by geometric calculations 
(Figure X-5, Figure X-6, Figure X-7, and Figure X-8.   
 
Future Delivery (%):  Estimate the future eroded sediment that will enter a stream 
channel.  If all the eroded sediment will be stored on the slope and never move into the 
stream system then there will be no delivery.  Estimate how much sediment, as a percent 
of the volume of expected erosion, is likely to be delivered to the stream channel.  For 
erosion at stream crossings, assume 100% delivery to the stream.  Delivery from 
landslides is usually less, and often considerably less, than 100%, depending on distance 
to the stream, steepness of the slope and other factors.  Delivery can be to any size 
stream.  Once it is in the stream system it will eventually work its way downstream. 
 
Total Future Delivery (yds3):  Future erosion (yd3) times future delivery (%).  This is 
the estimated volume of erosion delivered to a stream channel if the site is untreated and 
the erosion event triggers. 
 

COMMENT(S) ON PROBLEM 
The summary comments for each site generally describe the nature of the erosion 
problem as well as important site characteristics.  It should also contain enough 
information to clearly depict this site and differentiate it from other nearby sites.  It 
should describe the features contained in the sketch map on the back of the data form.  
Someone who has never been to the site should gain an immediate understanding of the 
nature and scope of the problem from reading the comment. 
 

TREATMENT 
Identify those sites that will require consultation with a licensed geotechnical specialist to 
develop treatment options, and prescribe treatments for all other inventoried sites of 
future erosion and sediment delivery for which there is an identifiable erosion control or 
prevention treatment that would reduce or prevent sediment delivery.  In prescribing 
treatments, assume access for equipment to the site unless it is completely and obviously 
impossible to do so.  In general, if there was ever a road or equipment trail to the site, 
there is a good chance access can be developed.  After developing treatments, and 
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evaluating costs for access and treatment, employ cost-effectiveness and other 
considerations to prioritize all the treatment sites. 
 
There is a very real difference between the cause and the symptom of many erosion 
problems.  For example, the gully below a ditch relief culvert is a symptom of the true 
cause; too much water flowing along the road and ditch to the culvert (i.e., too large a 
drainage area for the culvert).  The treatment is not to stabilize the developing gully with 
grade control structures, or to release the water at another single location; rather, it is to 
disperse the water in the ditch (e.g., by using multiple ditch relief culverts) so gullying 
cannot continue here or elsewhere.  Wherever feasible, it is important to treat the cause of 
the problem rather than the symptom. 
 
Immediacy (H, M, L):  Decide if the work needs to get done immediately.  If the 
evidence suggests the feature is likely to change dramatically in the next storm event or 
winter season and the erosion at this site seriously threatens important downstream 
resources like salmonid spawning or rearing areas, enter “H” for High.  Base this answer 
on the severity of the potential erosion, its volume, its predicted activity level and the 
sensitivity of the resources at risk.  If mass movement, culvert failure or sediment 
delivery is imminent, even in an average winter, then treatment immediacy is high.  
Treatment immediacy is a summary assessment of a site's need for immediate treatment.  
Generally, rate sites likely to erode or fail in a normal winter that may deliver significant 
quantities of sediment to a stream channel, as having high treatment immediacy.  The 
answers can also include combinations, such as “HM” or “ML” to cover sites where the 
answer is not clear-cut. 
 
Complexity (H, M, L):  Estimate the difficulty of performing the recommended 
treatment.  For example, classify a 1,000 yd3 excavation of a Humboldt log crossing that 
will require construction of a lower access road and dump truck endhauling as “H” for 
High complexity.  Classify a simple stream crossing excavation or the excavation of a 
small unstable fill along the outboard edge of the road as “L” for Low complexity.  Use 
the Comment(s) on Treatment for explanation. 
 
Check Culvert Size (Y/N):  Enter “Y” if the culvert may be undersized.  This is not a 
treatment as such, but it requires a future action to determine proper culvert size for the 
drainage.  It will alert staff to conduct further analysis to check for the correct culvert 
size.  Make sure the site is accurately located on the photo (or map) so drainage areas can 
be correctly measured.  Enter “N” if the culvert size does not need to be checked. 
 
Bridge:  Install a bridge.  Check this recommendation for crossings of Class 1 streams, 
especially if culvert flow analysis calls for 72" or larger pipe. 
 
No Treatment:  Check if no treatment is required. 
 
Mulch:  Estimate the exposed area in ft2 needing mulching, after heavy equipment 
operations, to prevent delivery of fine sediment to a stream.  This is the area needing 
mulching and seeding to control erosion after operations are complete.  Sites located 
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away from stream channels may not need mulching if there is no sediment delivery 
potential to a stream. 
 

TREATMENT OPTIONS 
Excavate Soil:  Check for permanent excavations of soil from the site.  Replacing or 
installing a culvert is not marked excavate soil if all the dirt is returned to the site after the 
culvert is installed.  However, check if removing any portion of the soil from the work 
site. 
 
Critical Dip: Check for installation of a critical dip.  A critical dip is a rolling dip 
constructed on or close to the down-road hinge-line of a stream crossing, displaying a 
diversion potential.  Build a critical dip at all stream crossings in order to prevent stream 
diversions when a culvert plugs and water flows out onto the road (Figure X-13). 
 
Ford: Check for installation of a ford.  Install fords at sites prone to frequent culvert 
plugging due to high amounts of sediment and debris in transport.  The treatment requires 
excavating the entire volume of fill placed in the stream crossing and leaving a very 
broad dip in the axis of the natural channel, with long and gently sloping ramps into and 
out of the stream crossing.  Build fords along roads built on floodplains and terraces and 
where the natural streambed is not prone to downcutting.  Also, install fords where roads 
cross steep gradient stream channels with relatively small depths of fill at the outboard 
edge of the road (Figure X-14). 
 
Armored Fill:  Check for installation of an armored fill.  Install armored fills at small 
stream crossings where culverts are prone to plugging or where maintenance during the 
winter is unlikely.  Use armored fills on crossings with fill depths of six feet or less, 
instead of a ford.  Protect the outer fillslope from erosion with rock armor, with a rock sill 
set in a key way, and with rock surfacing on the fill face.  Shape the rock in a broad swale 
across the road to contain flood flows and direct flow over the armored fillslope (Figure 
X-15). 
 

Armor Size:  The rock used for armor protection must be larger than that 
which can be transported by the stream during the design flood flow.  
This is determined by calculating minimum stable rock or stone size 
(Racin, et al. 2000) for the site.  A seven step process is used to 
quantitatively determine the most appropriate minimum rock size for 
channel armor (Racin, et al. 2000).  This includes an analysis of the local 
site conditions and calculations that determine the minimum rock weight 
(W) that will resist the flowing water.  The outside layer of rock must 
interlock and be stable in design flows.  In a typical armored fill, the rock 
armor covers the outer half of the road, with rock sizes increasing in the 
downstream and downslope direction.  The largest boulders are keyed 
into the base of the armored fill structure, at the base of the fillslope and 
where flow will re-enter the natural stream channel.   
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Sill Height (ft):  If all the fill cannot be removed from the stream crossing 
while still providing for easy vehicular passage, then a sill wall and 
energy dissipation apron will need to be constructed down the outside 
edge of the road to prevent erosion of the underlying erodible fill in the 
crossing (Figure X-15).  The sill is the armored outside slope of the 
stream crossing fill that must be protected with armor.  Enter the sill 
height in feet at the centerline of the stream channel, adding two feet for 
embedding the lowest boulders below the level of the natural stream 
channel at the base of the structure (e.g., if three vertical feet of fill 
remain at the outboard edge of the road, enter 5 feet for the sill height).  
This will allow for a standard two-foot deep keyway into the natural 
streambed for the sill wall.  The armored fill treatment is typically 
designed for small steam crossing fills, with outboard fill depths no more 
than about six vertical feet.  Do not recommend using this treatment if a 
sill wall is greater than 6 feet high, excluding the keyway or footing. 

 
Sill Width (ft):  Enter the sill width, needed to span the 100-year return interval 
storm.  Construct sills of concrete poured into plywood forms or, more 
commonly, they may be made of coarse riprap or quarry rock. 

 
Trash Rack:  Check to add a trash rack just upstream from the culvert inlet to catch 
organic debris and to prevent culvert plugging. 
 
Add Downspout:  Length (ft): and  Diameter (in):  Check if a downspout is needed, 
and enter length and width of downspout required.  Add a downspout to the culvert outlet 
to carry stream flow beyond the fill and to prevent discharge of flow onto erodible road 
fill or sidecast.  Record the length (in feet) and diameter (in inches) of the downspout.  
Downspouts longer than 20 feet require anchor posts.  Downspouts on stream crossings 
should be full, round culverts.  In some instances, rock armor can provide energy 
dissipation, and substitute for a short downspout. 
 
Repair Culvert:  Check for repairing a culvert damaged or significantly dented by a 
backhoe, grader or other equipment. 
 
Clean Culvert:  Check for cleaning a plugged or partially plugged culvert inlet, and for 
cutting vegetation, including trees, away from the inlet or outlet. 
 
Install/Replace Culvert:  Check to install or replace a culvert.   
 
Culvert:  Diameter (in): and Length (ft):  Specify the recommended culvert diameter, 
in inches, and length, in feet.  Base culvert diameter on 100-year storm discharge and 
determine diameter from one or more empirical equations or formulas.  Guessing is not a 
very good way to determine the appropriate culvert size.  Estimate culvert length by 
measurements taken in the field. 
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Install Flared Inlet:  Check if prescribing a flared inlet to prevent culvert plugging.  
Specify the diameter of the flared inlet, in inches. 
 
Reconstruct Fill:  Check for a completely or partially failed road due to a landslide.  
This will probably involve a newly engineered fill that will likely require design by a 
qualified engineer.  Do not use this space for reconstructing or filling in a washed-out 
stream crossing. 
 
Armor Fill Face (U, D, B):  Check for armoring fill face(s) of a stream crossing fill with 
coarse boulders that will protect the fill from stream erosion caused by stream flow and 
scouring at the culvert inlet or unavoidable culvert plugging or overtopping at the culvert 
outlet.  Enter “U” for armoring the upstream crossing fill, “D” for downstream, or “B” for 
both.   
 
Armor Area (ft2):  Specify the surface area of rock needed to armor the upstream (U) 
and/or downstream fill faces. 
 
Clean or Cut Ditch (ft):  Check if a plugged ditch needs cleaning or a new ditch built.  
Specify the length in feet. 
 
Remove Ditch (ft):  Check to remove (fill) a section of inboard ditch.  Specify the length 
in feet. 
 
Outslope Road (ft):  Check for the conversion of a flat, crowned or insloped road to an 
outsloped road.  Generally, this treatment is for road upgrading or decommissioning 
where road surface drainage needs to be improved.  “Outslope Road” is the correct 
prescription to use to change the surface drainage pattern on the roadbed.  Specify the 
length of outsloping required, in feet.  Use “Excavate Soil” (instead of “Outslope Road”) 
when decommissioning a road and there is need to excavate substantial material from the 
outside edge of the road in order to prevent fillslope landslides. 
 
Outslope and Remove Ditch (ft):  Check if the road is to be outsloped and the inboard 
ditch removed.  Specify the length of road to be outsloped with the ditch removed. 
 
Outslope and Retain Ditch (ft):  Check for road reaches to be outsloped but the inboard 
ditch retained.  Specify the length of road to be outsloped with the ditch retained. 
 
Inslope Road (ft):  Check for the conversion of a flat, crowned or outsloped road to an 
insloped road.  Generally, this treatment is for areas where it is important to keep water 
off the outside fillslope.  “Inslope road” is the correct prescription to use to change the 
surface drainage pattern on the roadbed.  Typically, but not always, an inboard ditch is 
needed when the road is insloped.  For a retained ditch, prescribe clean or cut ditch as 
well (see above).  Specify the length of insloping required, in feet. 
 
Rolling Dips (#):  Check for installing rolling dips on the road surface.  Typically, install 
rolling dips in road upgrade projects.  Usually, but not always, the rolling dip connects to 
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an inboard ditch if present.  Also, use rolling dips on outsloped roads to drain the road 
surface (Figure X-21).  Specify the number of rolling dips needed along the road reach.  
This is not the correct prescription to use for critical dips at stream crossings to prevent 
stream diversions. 
 
Remove Berm (ft):  Check to remove or grade a berm along the outside edge of the road.  
Specify the length of berm in feet. 
 
Ditch Relief Culvert:  Check for the installation of ditch relief culverts to drain the 
inside ditch.  Specify the number and total length of the culvert needed.  Unless otherwise 
specified, a ditch relief culvert will be 18 inches diameter (Figure X-20) 
 
Rock Road Surface (ft2):  Check to rock the surface of a section of road.  Use this 
treatment only for prescribing new rocking.  Specify the total area needing rock in ft2.  To 
re-rock a site after installing a rolling dip or replacing a culvert on a rocked road, do not 
check this treatment. 
 
Cross Road Drain (#):  Check for installing cross road drains, or exaggerated waterbars, 
on decommissioned roads.  Specify the number of cross road drains. 
 
Other:  Check if recommending another treatment.  Fully describe in the Comment(s) on 
Treatment section. 
 

HEAVY EQUIPMENT EXCAVATION DATA 
Track and manage spoil according to the following equations:   

• Total Volume Excavated = Volume Returned + Volume Removed 
• Volume Removed = Volume Stockpiled + Volume Endhauled 

 
Total Volume Excavated (yd3):  The total volume of material excavated from the 
unstable fillslope or stream crossing.  Use this volume to help predict costs and 
equipment times needed to perform the excavation work.  In addition, it is used to help 
determine whether endhauling will be necessary to dispose of spoil from the site.  
 
Volume Put Back in (yd3):  This is the volume of material that is to be put back into the 
excavation hole, as in a culvert replacement. 
 
Volume Removed (yd3):  This is the volume of excavated material removed from the 
excavation hole.  For example in the excavation of unstable sidecast material, zero would 
be returned and all of it would be removed. 
 
Volume Stockpiled (yd3):  Excavated spoil that can be locally stored without using 
dump trucks. 
 
Volume Endhauled (yd3):  From measurements in the field, the available storage 
volume is calculated and compared to the total excavated volume to determine the need 
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for endhauling equipment.  If local storage is insufficient, identify additional storage sites 
in nearby areas along the road. 
 
Distance Endhauled (ft):  Record the distance materials will need to be endhauled for 
storage. 
 
Excavation Production Rate (yd3/hr):  Estimate the excavation production rate for the 
site to determine the required equipment hours.  Use the Comment(s) on Treatment 
section to itemize the hours needed for each piece of equipment, for every assigned task 
and sub-task.  See Table X-5 for guidelines in estimating equipment production rates for 
various tasks.  For equipment and labor time estimates do not include time for traveling 
or other miscellaneous tasks. 
 

EQUIPMENT HOURS DATA 
If a piece of equipment is to perform several different tasks or sub-tasks, then list the 
individual times that go together to add up to total equipment time for each piece of 
equipment. 
 
Excavator:  Estimate the hours of excavator time needed at the site. 
 
Dozer (Crawler Tractor):  Estimate the hours of tractor time needed for excavation and 
spoil management at the site. 
 
Backhoe:  Estimate the hours of backhoe time needed at the site. 
 
Grader:  Estimate the hours of grader time needed at the site. 
 
Loader:  Estimate the hours of loader time needed at the site. 
 
Dump Truck:  Estimate the hours of dump truck time needed for endhauling excess 
spoil to stable storage locations. 
 
Labor:  Estimate the hours of laborers needed to perform such tasks as culvert 
installation, culvert cleaning, etc. 
 
Other:  Any other tasks or equipment not listed above. 
 

COMMENT(S) ON TREATMENT 
Add details for equipment or labor treatments and logistics or any information useful for 
the project.  Fill this comment section with descriptive information that will be useful for 
the equipment operators, and will make it clear what work has been prescribed for the 
site. 



 

 



 

 

 
UPSLOPE INVENTORY DATA FORM 

ASAP (Y, N)______     
Site no: Treat (Y/N): Watershed: Quad: 
GPS: CALWAA: Photo: 
T/R/S: Road name/#: Drivable (Y/N): 
Mileage: Inspector(s): Date: Year built: 
Surface: □ rock   □ native   □ paved Status:  □ maintained   □ abandoned   □ decommissioned 

GENERAL 

Proposed:  □ upgrade   □ decommission Sketch (Y/N): 
Stream crossing (Y/N): Landslide:  □ fill    □ hill    □ cut  Roadbed:  □ bed,   □ ditch,   □ cut  
□ ditch relief culvert □ gully □ bank erosion Road related (Y/N): PROBLEM 
Other non-road related site:  □ home   □ agricultural   □construction   □ mining   □ other site 
□ road or landing fill □ hillslope debris slide1  □ other hillslope landslide (depth unknown)1 
□ cutbank slide  □ potential failure □ past failure Slope (%): LANDSLIDE 
Distance to stream (ft):     
□ culvert □ bridge □ Humboldt □ fill □ ford □ armored fill 
□ excavated crossing  % excavated:   
Ditch road length (ft):  Left: Right: Culvert diameter (in):  
Pipe condition (O, C, R, P):  Inlet: Bottom: Outlet: □ separated  
Headwall (in): Culvert slope (%): Stream class (1,2,3): 
Culvert rust-line (in):  Inlet: Outlet: Culvert undersized (Y, M, N): 
Washed out (%): Diversion potential (Y/N): □ currently diverted 
Road grade (%): Plug potential (H, M, L): Plugged (%): 
Channel gradient (%): Channel width (ft): Channel depth (ft): 

STREAM 

Sediment transport (H, M, L): Drainage area (acres):   
Culvert outlet drop (in): Bankfull drop (in):   FISH 

PASSAGE Pool size bankfull width (ft): Pool size bankfull depth (ft): 
Erosion potential (H, M, L): □ potential for extreme erosion   
Volume extreme erosion (<500, 500-1,000, 1-2K, 2-5K, >5K): Past erosion (yd3) (optional): EROSION 
Past delivery (%) (optional): Total past delivery (yd3):   
Future erosion (ft): Width: Depth: Length: Future erosion(yd3): FUTURE 

EROSION Future delivery (%): Total future delivery (yd3):   
COMMENT(S) ON PROBLEM: 
 
 

Immediacy (H, M, L): Complexity (H, M, L):  TREATMENT check culvert size (Y/N): □ bridge □ no treatment Mulch (ft2): 
□ excavate soil □ critical dip □ ford □ armored fill Sill height (ft): 
Sill width (ft): □ trash rack □ Add downspout:  Length (ft): Diameter (in): 
□ repair culvert □ clean culvert □ install/replace culvert  
Culvert: Diameter (in): Length (ft): □ flared inlet: Diameter(in): 
□ reconstr. fill □ armor fill face (U, D, B): Armor area (ft2):  U:          D: 
□ clean or cut ditch, (ft):   □ remove ditch, (ft):  
□ outslope road, (ft): □ outslope & remove ditch, (ft): 
□ outslope & retain ditch, (ft): □ inslope road, (ft): 
□ rolling dip, (#): □ remove berm, (ft):  
□ ditch relief culvert, (#): Length (ft): □ rock road surface, (ft2): 

TREATMENT OPTIONS 

□ cross road drain, (#): □ other:   
Total vol. excavated (yds3): Volume put back in (yds3):  
Volume removed (yds3): Volume stockpiled (yds3):  
Volume endhauled (yds3): Distance endhauled (yds3):  

HEAVY EQUIPMENT 
EXCAVATION DATA 

Excavation production rate: (yds3/hr):   
Excavator: Dozer: Backhoe: Grader: Loader: EQUIPMENT HOURS Dump truck: Labor: Other:  

COMMENT(S) ON TREATMENT: 
 
1 Consultation with a licensed geotechnical specialist is required to estimate slide volumes and to evaluate or develop treatment options.  The location of these 
features should be noted on the field form and on maps, but the inventory crew should not estimate the sediment volumes for calculation of cost-effectiveness.  
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APPENDIX X-B.  INSTRUCTIONS FOR STREAM BANK INVENTORY DATA FORM 
 
Use the Stream Bank Inventory Data Form in the assessment of past and potential erosion 
problems along stream channels, including determining their nature, cause, magnitude and 
treatment.  Also, use it to identify and classify erosion problems along stream channels, to 
prioritize potential work sites, and to prescribe specific treatments aimed at protecting stream 
channels and fish habitat.  Part III describes methodologies for stream channel classification, 
stream habitat inventories, and large woody debris and riparian inventories. 
 
The Stream Bank Inventory Data Form provides a standardized protocol for evaluating stream-
related erosion and identifying erosion control options.  Also, use it to evaluate all types of 
riparian sediment sources.  Where roads are in close proximity to a stream channel, there may be 
individual sites described by both the Upslope Inventory Data Form and the Stream Bank 
Inventory Data Form.  If the proposed treatments are sufficiently different, retain both forms to 
describe the same location.  However, do not duplicate recommended treatments and treatment 
times.  Using the Stream Bank Inventory Data Form, field personnel can measure, describe and 
interpret landforms and erosion problems in a consistent and uniform manner.  Enter the data 
collected into a database for analysis, leading to the preparation of a work plan for 
implementation. 
 

General Information 
Site Number:  The identification number assigned to each site.  This is a unique ID number for 
future reference.  Also, write the Site Number on an aerial photo Mylar overlay.  This number 
identifies each site in database searches.  Use only numbers, not letters, for effective database 
searches. 
 
Distance (ft.):  Enter the stream channel distance, in feet, to the beginning of the site, from a 
known beginning point, usually a confluence, road, bridge, etc. 
 
Date:  Date of the survey. 
 
Inspector(s):  Record the names or initials of the inventory crew.  List the data recorder first. 
 
Watershed:  Major drainage as described on the USGS 7.5 minute topographic map, for example 
Bull Creek. 
 
Stream:  As described on the USGS 7.5 minute topographic map. 
 
Air Photo:  List the flight line and frame number of the air photo used for mapping.  Original 
field mapping information is contained on acetate or Mylar overlay for each of the aerial photos 
covering the assessment area. 
 
Location (LB, RB, B):  Enter the location of the site along the stream channel (“LB” = left bank, 
“RB” = right bank or “B” = both banks).  Location is always determined when facing 
downstream. 
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Road Related:  Check for erosion related to a road.  If it is road-related, identify the 
corresponding road site number, if one exists, in the Comment(s) on Problem section. 
 
Treat:  Enter “Y” if recommended for treatment and “N” if not recommended for treatment. 
 

Problem 
Type:  Check the appropriate type of problem at each locality.  More than one problem may 
occur at a single site. 

• debris slide:  These slides may involve a substantial percentage of original bedrock and 
soil materials, or they may be composed of un-compacted spoil or road sidecast material.  
Debris slides move relatively fast and are typically shallow compared to larger deep-
seated hillslope landslides.  Stream side debris slides can range from small slope failures 
less than 10 yd3 in volume, that are not visible on aerial photos and are only identifiable 
from a field inventory, to large landslides that can be easily identified from small scale 
aerial photos. 

• debris torrent:  Debris slides may or may not turn into fluid debris flows or torrents. 
Confinement, slope gradient and water content determine if a debris slide becomes a 
debris torrent.  Torrents typically originate somewhere upslope or upstream and carry soil 
materials and organic debris to a hillslope or lower gradient stream channel where it is 
deposited. 

• hillslope landslides of unknown depth:  Usually cover relatively large areas with multiple 
scarp systems running through natural slopes and/or across roads and skid trails.  Slow, 
deep-seated landslides characterized by emerging groundwater; leaning trees; active and 
inactive scarp systems; and episodic, seasonal movement from several feet to several 
hundred feet annually.  Along a stream channel, a slow, deep-seated landslide may 
express itself as continuous length of raw, eroding stream bank, or as one or more shallow 
debris slides that are forming along the leading edge of the deeper slide mass.  Some 
slides may not move annually.  Most deep-seated landslides are difficult and expensive to 
control, if at all. 

• torrent channel:  The channel left after a debris torrent or mudflow has passed. 
• bank erosion:  The most common channel erosion problem encountered during a stream 

bank inventory.  Bank erosion occurs wherever stream flow impinges against a soft stream 
bank.  The erosion may occur in previously deposited alluvial materials (e.g., a terrace or 
flood plain surface) or along the base of the confining hillslope.  Bank erosion may result 
in the development of debris slides where the hillslope erodes and undercuts.  Bank 
erosion often occurs along the outside bend of a stream or river where stream flow diverts 
or deflects against a stream bank from woody debris (logs), boulders, a sediment deposit 
or other channel obstructions. 

• LDA:  Stream bank erosion related to a log debris accumulation. 
• other:  A problem other than those listed above.  Describe in the Comment(s) on Problem 

Section. 
 

Delivery:  Check “past” for stream bank erosion that is unlikely to deliver additional sediment to 
the stream.  Check “future” for a site currently delivering sediment to a stream channel.  Check 
“both” for a site that contributed sediment in the past, and is likely to deliver sediment in the 
future. 
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Activity (A, IA, W):  Enter “A” for an active feature such as a stream bank that is bare and 
erodes during each high flow period.  Enter “IA” for a feature that appears inactive such as an 
older failure area that looks like it may no longer have the potential for further movement.  Enter 
“W” for waiting if the feature is not currently active but shows substantial potential for future 
activity.  An example of a waiting feature might include an unstable slope exhibiting scarps and 
leaning trees, but no indication of recent slope movement. 
 
Age (Decade):  Enter the estimated age, by decade, of the site.  Age is typically determined using 
historical accounts, photos or other information to date the feature.  Oftentimes use vegetation 
(leaning trees, recent sprouts, or vegetation size) to date features to within 10 years.  A typical 
answer might be “1980’s”.  For a continuously active feature, answer “1980 – 2000”. 
 
Stream Bank Slope (%):  The slope of the bank at the site.  This is the slope of the natural 
ground.  Stand at the base of the erosion feature and take a clinometer reading looking upslope. 
 
Land Use:  Check if there is direct evidence for some type of land use contributing to the 
occurrence or activity of the erosion site.  Describe the land use associated with the erosion site in 
the Comment(s) on Problem section. 
 
Undercut by Stream:  Check for a bank undercut by the stream.  It is important to identify an 
existing or potential debris slide that is threatening to develop because of stream bank erosion. 
 

Past Erosion 
Estimates of past erosion and sediment delivery volumes provide an indication of erosion activity 
along the stream channel.  Calculate the volume of past bank erosion and debris slides, the two 
most common erosion features, by multiplying average linear dimensions of width, depth and 
length.   
 
Width (ft):  Estimate the average width of past erosion in feet.  Width is the average thickness of 
bank cutting. 
 
Depth (ft):  Estimate the average depth of past erosion in feet.  Depth is the bank height. 
 
Length (ft):  Estimate the length of past erosion in feet.  For stream banks, measure length along 
the stream channel. 
 
Volume (yd3):  Estimate the volume of past erosion (yd3) at the site.  Sketch the site on the back 
of the form, including the measurements, recorded on the data form.  Volume (yd3) = (width x 
depth x length)/27.  Assume that stream bank erosion is 100% delivered to the stream. 
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Future Erosion 
Estimate future erosion by applying reasonable rates or by calculating debris slide volume and 
delivery (page X-41).   

 
Future Erosion Potential (H, M, L):  Estimate the potential for future significant erosion at this 
site, based on observations.  This is a probability estimate, not an estimate of how much erosion is 
likely to occur.  Enter “H” or high, “M” for moderate or “L” for low.  High means that erosion is 
very likely to occur at this site. 
 
Width (ft):  Estimate the width of future erosion in feet.  Width is the average thickness of bank 
cutting. 
 
Depth (ft):  Estimate the depth of future erosion in feet.  Depth is the bank height. 
 
Length (ft):  Estimate the length of future erosion in feet.  For stream banks, measure length 
along the stream channel.  
 
Volume (yd3):  Estimate the volume of future erosion.  Volume (yd3) = (width x depth x 
length)/27.  For stream bank erosion, delivery is 100%. 
 

Comment(s) on Problem 
The comments for each site generally describe the nature of the erosion problem as well as 
important site characteristics.  Include enough information to clearly depict the site and 
differentiate it from other nearby sites.  Describe the features contained in the sketch map on the 
data form. 
 

Treatment 
Immediacy (H, M, L):  Enter “H” for high if the work needs to get done immediately.  Base this 
prioritization on the severity of the potential erosion, its volume, its predicted activity level and 
the sensitivity of the resources at risk. 
 
Complexity (H, M, L):  Estimate the difficulty of performing the recommended treatment.  For 
example, simply moving a small boulder to prevent flow deflection enter “L” for low, whereas 
performing heavy equipment treatments in remote locations requiring road construction, 
endhauling or riprap enter “H” for high.  Explain in the Comment(s) on Treatment section. 
 
Equipment or Labor (E, L, B):  Enter one of these treatment types.  Treat the site using heavy 
equipment (E), manual labor (L) or both (B). 
 
Equipment Access (E, M, D):  Estimate the degree of difficulty of getting appropriate heavy 
equipment to the work site.  Use “E” for easy, “M” for moderate, or “D” for difficult.   
 
Local Materials:  Check if material is available and sufficient for treating the site. 
 
Import Materials:  Check if material (e.g., boulder riprap) needs to be imported to treat the site.  
If needing local and imported materials, check both answers. 
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Treatment Options 
Check each of the recommended treatments prescribed for a work site (Part VII).  The treatments 
include: 
 
Excavate Soil:  Check if the treatment option is to excavate soil and remove it from the site.  
Landslide excavations would fall under this category of treatment.  Enter width, depth and length 
of excavated material, in feet.  Calculate excavated volume, in cubic yards. 
 
Rock Armor / Buttress:  Check for sites where armoring the stream bank with boulders will 
eliminate or reduce erosion of a stream bank or toe of a landslide.  Specify both the size (diameter 
or ton) and surface area of rock armor (ft2) needed. 
 
Log Protection:  Check for use of logs and other organic debris to protect stream banks from 
erosion.  Identify the size (length and diameter) of the woody debris, the length of the bank 
protected, and the bank area to be covered (ft2).  In the Comment(s) on Treatment section identify 
the anchoring method (if any), the source of the woody materials (local or imported) and describe 
the placement method. 
 
Remove Logs / Debris:  Check if logs, boulders or other debris in the channel are deflecting flow 
and aggravating bank erosion and sediment delivery, identify this as a possible treatment.  Include 
treatment details in the Comments on Treatment section. 
 
Boulder Deflectors:  Check for use of boulder deflectors to protect stream banks from erosion.  
Identify the number of boulder deflectors.  Identify the yds3 of boulder to necessary for each 
deflector.   
 
Bio-engineering:  Check for bio-engineering.  Describe the bio-engineering methods to be used 
in the Comment(s) on Treatment section. 
 
Plant Erosion Control:  Check if recommending planting for erosion control.  Revegetation with 
grasses is a short-term (1 to 2 years) treatment to control surface erosion.  Plant woody species, 
such as willow and coyote brush, for intermediate term revegetation.  Planting conifer or 
hardwood trees will provide for long-term erosion control and stability.  Planting conifers 
reestablishes a large woody debris source.  Describe the planting recommendations in the 
Comment(s) on Treatment section. 
 
Riparian Restoration:  Check if recommending manipulation of the riparian zone.  An example 
of vegetation manipulation is thinning red alders and planting of conifers for long-term 
restoration of streamside vegetation (Part XI). 
 
Area Planted:  Measure or estimate the size of the area to plant or treat, in square feet.  Identify 
the spacing, species composition, and number of trees to be planted in the Comment(s) on 
Treatment section. 
 
Exclusionary Fencing:  Check if the erosion control treatment is to exclude grazing animals 
from the stream or riparian zone.  Identify the length of fencing needed, in feet. 
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Other:  Check if recommending some other treatment.  Fully describe in the Comment(s) on 
Treatment section. 
 

Equipment Hours 
If heavy equipment is needed to perform one or more different tasks, then list the individual times 
that go together to add up to total equipment time for each piece of equipment.  In the 
Comment(s) on Treatment section, itemize equipment times by task for all equipment, which 
includes: 
 
Excavator:  Estimate the hours of excavator time needed for direct excavation, log and rock 
placement, and for other tasks at the work site.  Include time needed for developing access for all 
equipment. 
 
Dozer:  Estimate the hours of tractor time needed for direct excavation work, winching or other 
work tasks. 
 
Dump Truck:  Estimate the hours of dump truck time needed for endhauling excess spoil to 
stable storage locations, or for importing rock armor other materials to the project. 
 
Backhoe:  Estimate the hours of backhoe time needed for direct excavation at the work site.  
Estimate time for travel or other miscellaneous tasks. 
 
Labor:  Estimate the hours of laborers needed to perform such tasks as rock placement, planting, 
seeding, mulching, winching, cabling, and providing assistance to heavy equipment. 
 
Other:  Describe other tasks or equipment not listed above, such as a front-end loader or lowboy. 

 

Comment(s) on Treatment 
Include details for equipment or manual labor treatments and logistics.  Be as specific as is 
possible, and relate the comments to the sketch map. 



 

 

STREAM BANK INVENTORY DATA FORM 
Site no: Distance (ft): Date: Inspector(s): 

Watershed: Stream: GENERAL 

Air photo: Location (LB, RB, B): □ road related Treat (Y/N): 

□ debris slide □ debris torrent □ hillslope failure of unknown depth and activity2 

Type: 
□ torrent / debris flow channel1 □ bank erosion □ LDA3 □ other 

Delivery:   □ past □ future □ both Apparent activity (A, IA, W): 

Age (decade):  Stream bank slope (%):   

PROBLEM 

□ land use □ undercut by stream    
PAST 

EROSION Width (ft): Depth (ft): Length (ft): Volume (yd3): 

Future erosion potential (H, M, L): Width (ft): Depth (ft): FUTURE 
EROSION Length (ft): Volume (yd3): 

COMMENT(S) ON PROBLEM: 

 

 

 
Immediacy (H, M, L): Complexity (H, M, L): Equipment or labor (E, L, B): 

TREATMENT 
Equipment access (E, M, D): □ local materials □ import materials 

□ excavate soil Width (ft): Depth (ft): Length (ft): Volume (yds3): 

□ rock armor/buttress  rock armor size (ft or ton): rock armor area (ft2): 

Log size: Length (ft): Diameter (ft): 
□ log protection 

Bank length protected (ft): Bank area to cover (ft2): 

□ remove logs/debris  □ boulder deflectors 

Deflectors (#): Deflector (yd3): □ bio-engineering 

□ plant erosion control □ riparian restoration Area planted (ft2): 

TREATMENT 
OPTIONS 

□ exclusionary fencing Length of fence (ft): □ other  
EQUIPMENT 

HOURS Excavator: Dozer: Dump truck: Backhoe: Labor: Other: 

COMMENT(S) ON TREATMENT: 
 

 
1  A debris torrent is a mudflow that originates as a debris slide and then fluidizes (through the addition of water) and flows down a stream 
channel.  It typically ends as a deposit or dam of poorly sorted sediment and woody debris in a lower gradient section of channel.  The process is 
the mudflow; the evidence of that process is the scoured channel through which the flow passed, and the sediment and debris that is deposited at 
the end of the flow path.  The activity level is typically that of the potential debris slide that would form the source of the mudflow.  Note: if you 
have identified a potential hillslope debris slide, treatment prescriptions must be developed in consultation with a licensed geotechnical 
specialist. 
2  If a failure of unknown type and depth is identified, treatment prescriptions must be developed in consultation with a licensed geotechnical 
specialist. 
3  LDA is a log jam or accumulation of logs and woody debris in the channel that is causing bank erosion or other erosion and sediment delivery 
problems. 
 



 

 

 
SKETCH 
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APPENDIX X-C.  CASE STUDY #1  

1999 S.B. 271 WATERSHED ASSESSMENT FOR PARSONS CREEK, 

 MENDOCINO COUNTY, CALIFORNIA 
prepared by 

Pacific Watershed Associates 
 

for 
The U.C. Hopland Research and Extension Center and  

the California Department of Fish and Game 
 
Background 
Parsons Creek is a fourth or fifth order, steelhead producing tributary to the Russian River located 
approximately five miles east of Hopland, California.  The majority of the watershed is located 
within the boundaries of the U.C. Hopland Research and Extension Center (HREC).  The 
watershed is approximately 6 mi2 in area upstream from the western HREC boundary on the 
mainstem of Parsons Creek (Figure X-C-1).  Parsons Creek watershed is primarily composed of 
oak woodlands, chaparral, and converted and natural grasslands, which are managed for sheep 
and cattle grazing and various academic research projects. 
 
Parsons Creek has recently been recognized as a viable steelhead producing tributary to the 
Russian River region of Northern California.  Since the early 1900’s, much of the forested and 
chaparral portions of the watershed have been converted to pasture. 
 
By 1952 roads had been pioneered to the upper reaches of the watershed and more intensive 
livestock management practices had been implemented.  These initial roads essentially circled the 
entire watershed and provided access to the upper reaches of the watershed.   
 
By 1963 the road network had expanded to access most of the mid-slope portions of the 
watershed and many of the roads built prior to 1952 had been partially rerouted or abandoned due 
to their deteriorating condition.  This time frame exhibits the most extensive, post 1952 new road 
construction, in the Parsons Creek watershed and provided access to the more remote areas of the 
watershed. 
 
Over the next 33 years the road network of the Parsons Creek watershed expanded by only a 
fraction of the existing network.  Most of these new roads were built as connecters to the main 
roads which already provided access to the majority of the watershed. 
 
Currently there are over 40 miles of dirt road managed by six separate landowners on the Parsons 
Creek watershed with the majority of the roads (36 miles) managed by HREC.  Of the 36 miles of 
road most are currently maintained with only a small portion abandoned or permanently gated to 
restrict vehicle use.  These roads are currently used predominantly for ranching and research and 
receive light traffic and minimal heavy vehicle use.  
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Figure X-C-1. Road-related sites with future sediment delivery, UC Hopland Experimental 
Station, Parsons Creek, Mendocino County, California. 
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Geologic setting of the Parsons Creek watershed 
Sediments and rocks within the Parsons Creek watershed consist almost entirely of 
undifferentiated sedimentary and metamorphic rocks of the Franciscan formation.  Most of the 
rocks found within the watershed have undergone severe post depositional deformation.  This 
deformation ranges from pervasive fracturing to intense recrystallization.  The most common 
rocks found in the watershed are Mesozoic marine sandstones, cherts and mudstones.  These 
rocks tend to outcrop at higher elevations in the study area and where major tributary channels 
have cut through the overlying thick mantle of colluvium in the lower portions of the watershed.  
These rocks are extensively sheared and tend to erode into small fragments in all but the largest 
outcrops.  Other rocks present in lesser amounts in the watershed include highly  metamorphosed 
fragments of the oceanic lithosphere.  These rocks vary in their degree of metamorphism and 
include greenschist and blueschist facies rocks.  Metamorphic rocks rarely outcrop in the study 
area but tend to litter the tributary channels because of their resistence to erosion.  The geology in 
the lower watershed is dominated by Quaternary alluvium and thick colluvial deposits, on the 
hillslopes. These deposits are interstratified where the hillsides are adjacent to the active and 
historic fluvial terraces. 
 
The southern 60% of the Parsons Creek watershed is mantled by multiple, coalescing, mountain 
scale landslides.  These landslides tend to dominate the topography resulting in large 
amphitheater shaped cavities in the upper headwall areas of the watershed and thick 
unconsolidated deposits in the lower sections.  The slides are presently inactive, probably 
thousands of years old and are clearly unrelated to present land use activities and historic climatic 
fluctuations.  Although the slides are inactive and old they do significantly influence the 
watershed drainage patterns and sediment sources for Parsons Creek.  The toes of these large 
landslides appear to have merged and formed the southern margin of the lower Parsons Creek 
drainage, possibly dividing a historically more extensive drainage basin.  Further up the hillside 
the deposits of the landslides mantle a high percentage of the southwest portion of the watershed.  
They vary in thickness but are typically less than 80 feet thick.  These deposits consist of broken 
rock fragments, of various sizes and lithologies, jumbled within a matrix of heterogeneous sand 
and mud.  This type of deposit is highly erodible and significantly affects the distribution of 
erosion within the watershed. 
 
Parsons Creek watershed assessment and implementation 
Perhaps the most important element needed for long term restoration of steelhead habitat, and the 
eventual recovery of salmonid populations in Parsons Creek, is the reduction of accelerated 
erosion and sediment delivery to the channel system.  This summary report describes the 
watershed assessment and inventory process that was employed in the Parsons Creek Assessment. 
 
It also serves as a prioritized plan-of-action for cost-effective erosion control and erosion 
prevention treatments for the Parsons Creek watershed.  When implemented and employed in 
combination with protective land use practices, the proposed projects are expected to significantly 
contribute to the long term protection and improvement of salmonid habitat in the basin.  The 
implementation of erosion control and erosion prevention work is an important step towards 
protecting and restoring watersheds and their anadromous fisheries (especially where sediment 
input is a limiting or potentially limiting factor to fisheries production, as is thought to be the case 
for Parsons Creek).  
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Project Description 
The watershed assessment process consisted of two distinct project elements.  These included:  1) 
a completed inventory of all future road-related sediment sources in the watershed, and 2) an 
inventory of sediment sources along the mainstem of Parsons Creek, totaling approximately 3.3 
miles of stream channel in both the upper and lower watershed.   
 
In the first phase of the Parsons Creek inventory project all roads within the study area were 
identified and age dated from historic aerial photography.  Aerial photographs were analyzed to 
identify the location and approximate date of road construction.  A composite map of the road 
systems in both lower and upper Parsons Creek was developed from GIS base maps produced by 
HREC.  The base maps, updated through analysis of aerial photos, depict the primary road 
network in the watershed and show the location of sites with future erosion and sediment delivery 
to the stream system. 
 
The second phase of the project involved a complete inventory of the road systems, selected 
hillslope areas and major stream channels.  Technically, this assessment is neither an erosion 
inventory nor a road maintenance inventory.  Rather, it is an inventory of sites where there is a 
potential for future sediment delivery to the stream system that could impact fish bearing streams 
in the watershed.  All roads, including both maintained and abandoned routes, were walked and 
inspected by trained personnel and all existing and potential erosion sites were identified.  Sites, 
as defined in this assessment, include locations where there is direct evidence that future erosion 
or mass wasting could be expected to deliver sediment to a stream channel.  Sites of past erosion 
were not inventoried unless there was a potential for additional future sediment delivery.  
Similarly, sites of future erosion that were not expected to deliver sediment to a stream channel 
were identified but, were not included in the assessment.  
 
In the final phase of the watershed assessment project, the mainstem of Parsons Creek was 
inventoried for bank erosion sites and stream side landslides. Data was collected on the location 
and volume of sediment sources along approximately 3.3 miles of the mainstem and the largest 
major tributary of  Parsons Creek.  Data collected included the type of erosional process, the 
current activity level, the volume of sediment delivery, and applicable treatment prescriptions at 
sites where work has been recommended.  In addition, erosion sites were mapped on mylar 
overlays to the 1:14,000 scale aerial photos.  Derivative site maps of the channel system were 
then produced  (see channel maps in back of report). 
 
Inventory Results 
Approximately 36 miles of roads were inventoried for future sediment sources within the Parsons 
Creek watershed.  Inventoried road-related erosion sites on HREC lands fell into one of two 
treatment categories: 1) upgrade sites – defined as sites on maintained open roads that are to be 
retained for access and management and 2) decommission sites – defined as sites exhibiting the 
potential for future sediment delivery that have been recommended for either temporary or 
permanent closure.  Virtually all future road-related erosion and sediment delivery in the Parsons 
Creek watershed is expected to come from three sources: 1) the failure of road fills (landsliding), 
2) erosion at or associated with stream crossings (from several possible causes), and 3) road 
surface and ditch erosion.  
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A total of 214 sites were identified with the potential to deliver sediment to streams.  Of these, 
180 sites were recommended for erosion control and erosion prevention treatment.  
Approximately 62% (n=131) of the sites are classified as stream crossings and 2% (n=6) as 
potential landslides (Figure X-C-1,  Table X-C-1).  The remaining 36% (n=77) of the inventoried 
sites consist of other sites which include ditch relief culverts and gullies. 
 

Site Type 

Number 
of sites or 

road 
miles 

Number of 
sites or road 
miles to treat 

Future 
delivery 

(yds3) 

Stream 
crossings w/a 

diversion 
potential (#) 

Streams 
currently 

diverted (#) 

Stream culverts 
likely to plug (plug 
potential rating = 
high or moderate) 

Landslides 6 2 61 NA NA NA 
Stream 
crossings 131 111 8,853 75 6 41 

Other 77 67 1,356 NA NA NA 
Total 
(all sites) 214 180 10,270 75 5 41 

Persistent 
surface 
erosion1 

14.94 14.94 14,608 NA NA NA 

Totals 214 180 24,878 75 6 41 
1 Assumes 25’ wide road prism and outbank contributing area, and 0.2’ of road/cutbank surface lowering per decade.  

Table X-C-1. Site classification and sediment delivery from all inventoried sites with future 
sediment delivery in the Hopland field station assessment area, Mendocino 
County, California. 

Landslides Only those landslide sites with a potential for sediment delivery to a stream channel 
were inventoried.  Potential landslides account for approximately 2% of the inventoried sites in 
the Parsons Creek assessment area (Figure X-C-1, Table X-C-1).  Most of the potential landslide 
sites were found along roads where material had been sidecast during earlier construction and 
now show signs of instability. Potential landslides are expected to deliver nearly 61 yds3 of 
sediment to Parsons Creek and its tributaries in the future.  Correcting or preventing potential 
landslides associated with the road is relatively straightforward, and involves the physical 
excavation of potentially unstable road fill and sidecast materials. 
 
There are a number of potential landslide sites located in the Parsons Creek assessment area that 
did not, or will not deliver sediment to streams.  These sites were not inventoried using data 
sheets due to the lack of expected sediment delivery to a stream channel.  They are generally 
shallow and of small volume, or located far enough away from an active stream such that 
sediment delivery is unlikely. For reference, all landslide sites were mapped on the mylar 
overlays of the aerial photographs, but only those with the potential for future sediment delivery 
were inventoried using a data sheet (Figure X-C-2). 
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ASAP____                            R O A D   I N V E N T O R Y   D A T A   F O R M                                   Check_____ 

GENERAL Site No: ________ GPS: Watershed: CALWAA:  

Treat (Y,N): Photo: ______ T/R/S: Road #:  Mileage: ___________  

 Inspectors:_______ Date: ________ Year built:______ Sketch (Y):  

 Maintained Abandoned Driveable Upgrade Decommission  Maintenance 

PROBLEM Stream xing Landslide (fill,  cut, hill) Roadbed (bed, ditch, cut) DR-CMP Gully Other  

 Location of problem 
(U, M, L, S) 

Road related? (Y) Harvest history: (1=<15 yrs old; 2=>15 yrs old) 
TC1,  TC2,  CC1,  CC2,  PT1,  PT2,  ASG, No 

Geomorphic association:  Streamside,  I.G.,  
 Stream Channel,  Swale,  Headwall,  B.I.S. 

LANDSLIDE Road fill Landing fill Hillslope failure; depth unk Cutbank Already failed Pot. Failure  

 Slope shape:  (convergent,  divergent,  planar,  hummocky) Slope (%) ______ Distance to stream (ft) __________ 

STREAM CMP Bridge Humboldt Fill Ford Armored fill  

 Pulled xing: (Y) % pulled          ______ Left ditch length (ft) ___________ Right ditch length (ft) ___________ 

 cmp dia (in) ______ inlet (O, C, P, R) outlet (O, C, P, R) bottom (O, C,P, R) Separated?  

 Headwall (in) ____ CMP slope (%) _____ Stream class (1, 2, 3) Rustline (in)  

 % washed out ____ D.P.? (Y) Currently dvted? (Y) Past dvted? (Y) Rd grade (%) ________  

 Plug pot:  (H, M, L) Ch  grade (%)    _____ Ch  width (ft)      _____ Ch  depth (ft) ____  

 Sed trans (H, M, L) Drainage area (mi2)     _________  

EROSION E.P. (H, M, L) Potential for extreme erosion?  (Y,  N) Volume of extreme erosion (yds3): 100-500, 500-1000, 1K-2K, >2K 

Past erosion… Rd&ditch vol (yds3) 
(yds3)___________ 

Gully fillslope/hillslope 
(yds3)__________ 

Fill failure volume 
(yds3) _________ 

Cutbank erosion 
(yds3)__________ 

 Total past erosion 
(yds) __________ 

Past delivery 
 (%) __________ 

Total past delivery 
(yds) _________ 

Age of past erosion 
(decade)_______ 

Hillslope slide vol. 
(yds3) 

 
________________ 

Stream bank 
erosion (yds3) 
 
__________ 

xing failure 
vol (yds3) 

 
_________ 

Future 
erosion… 

Total future erosion 
(yds) __________ 

Future delivery 
(%) __________ 

Total future delivery 
(yds) _________ 

Future width  
(ft)  _________ 

Future depth 
(ft)  ________ 

Future length 
(ft) _______ 

 

TREATMENT Immed (H,M,L) Complex (H,M,L) Mulch (ft2)  

 Excavate soil Critical dip Wet crossing  (ford or armored fill) (circle) sill hgt (ft) ___ sill width (ft) _______ 

 Trash Rack Downspout D.S. length (ft) ________ Repair CMP Clean CMP  

 Install culvert Replace culvert CMP diameter (in) _____ CMP length (ft)  _______  

 Reconstruct fill Armor fill face (up, dn) Armor area (ft2) _______ Clean or cut ditch Ditch length (ft) _________  

 Outslope road (Y) OS and Retain ditch (Y) O.S. (ft)   ____________ Inslope road I.S. (ft) _____ Rolling dip R.D. (#) __ 

 Remove berm Remove berm (ft) _____ Remove ditch  Remove ditch (ft) __________ Rock road - ft2 ________ 

 Install DR-CMP DR-CMP (#) ________ Check CMP size?  (Y) Other tmt?  (Y) No tmt.  (Y)  

COMMENT ON PROBLEM: 

EXCAVATION VOLUME Total excavated (yds3) _______ Vol put back in (yds3) _______ Volume removed (yds3) ________ 
 Vol stockpiled (yds3)  _______ Vol endhauled (yds3)  _______ Dist endhauled (ft) ______ Excav prod rate (yds3/hr) _______ 
EQUIPMENT HOURS Excavator (hrs)         ________ Dozer  (hrs)              ________ Dump truck  (hrs) ______ Grader  (hrs)                  ________ 
 Loader  (hrs)           _________ Backhoe  (hrs)         ________ Labor  (hrs)         _______ Other (hrs)                    ________ 
COMMENT(S) ON TREATMENT: Note: no excavation volume should be estimated for failure areas of unknown type and depth.  Treatments must be 
prescribed in consultation with a licensed geotechnical specialist. 
 Vol stockpiled (yds3)  Vol endhauled (yds3) __ Dist endhauled (ft) ____ Excav prod rate (yds3/hr) _________ 

EQUIPMENT 
HOURS 

Excavator (hrs)  
________________ 

Dozer  (hrs)   ________ Dump truck  (hrs) ______ Grader  (hrs)     _____ ________ 

 Loader  (hrs) _____ Backhoe  (hrs)  ______ Labor  (hrs)     _______ Other (hrs)   ______   

COMMENT(S) ON TREATMENT:  

Figure X-C-2. Road Inventory Data Form. 
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Stream crossings One hundred thirty one (131) stream crossings were inventoried in the Parsons 
Creek assessment area including 96 culverted crossings, 9 unculverted fill crossings, 1 bridge, 1 
armored fill, 2 washed out crossings, and 22 fords crossings.  An unculverted fill crossing refers 
to a stream crossing with no formal drainage structure to carry the flow through the road prism.  
Flow is either carried beneath or through the fill, or it flows over the road surface, or it is diverted 
down the road to the inboard ditch.  Most unculverted fill crossings are located at small Class III 
streams that exhibit flow only in the larger runoff events.  If the crossing has been made 
temporary or decommissioned by removing  the majority of the crossing fill, then these crossings 
are commonly known as “pulled” crossings. 
 
Approximately 8,853 yds3 of future road-related sediment delivery in the Parsons Creek 
assessment area could originate from erosion at stream crossings (Table X-C-1).  This amounts to 
nearly 36% of the total expected future sediment delivery from the road system.  The most 
common problems which lead to erosion at stream crossings include: 1) crossings with undersized 
culverts, 2) crossings with culverts that are likely to plug, 3) stream crossings with a diversion 
potential and 4) crossings with gully erosion at the culvert outlet.  The sediment delivery from 
stream crossing sites is always classified as 100% because any sediment eroded at the crossing 
site is then delivered to the channel.  Even sediment which is delivered to small ephemeral 
streams will eventually be delivered to downstream fish-bearing stream channels. 
 
At stream crossings, the largest volumes of future erosion can occur when culverts plug or when 
potential storm flow exceeds the culvert capacity (i.e., the culvert is undersized or prone to 
plugging) and flood runoff spills onto or across the road.  When stream flow goes over the fill, 
part or all of the stream crossing fill may be eroded.  Alternately, when flow is diverted down the 
road, either on the road bed or in the ditch (instead of spilling over the fill and back into the same 
stream channel), the crossing is said to have a “diversion potential” and the road bed, hillslope 
and/or stream channel that receives the diverted flow can become deeply gullied or destabilized.  
These hillslope gullies can be quite large and can deliver significant quantities of sediment to 
stream channels.  Alternately, diverted stream flow which is discharged onto steep, potentially 
unstable slopes can also trigger large hillslope landslides. Of the 131 stream crossings inventoried 
in the Parsons Creek watershed, 75 have the potential to divert in the future and 6 streams are 
currently diverted at stream crossing sites (Table X-C-1). 
 
Three road design conditions indicate a high potential for future erosion at stream crossings.  
These include 1) undersized culverts (the culvert is too small for the 100 year design storm flow), 
2) culverts that are prone to plugging with sediment or organic debris and 3) stream crossings 
with a diversion potential.  The worst scenario is for the culvert to plug and the stream crossing to 
wash out or the stream to divert down the road in a major storm.  These road and stream crossing 
conditions are easily recognizable in the field and have been inventoried in the Parsons Creek 
watershed. 
 
Approximately 85% (n=111) of the stream crossings inventoried in the Parsons Creek assessment 
area will need to be upgraded for the roads to be considered “storm-proofed”.  For example, 31% 
(n=41) of the existing culverts have a “moderate” to “high” plugging potential and nearly 57% of 
the stream crossings exhibit a diversion potential (Table X-C-1).  Because most of the roads were 
constructed many years ago, culverted stream crossings are typically under-designed for the100 
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year storm flow.  At stream crossings with undersized culverts or where there is a diversion 
potential, corrective prescriptions have been outlined on the data sheets and in the following 
tables.  Preventative treatments include such measures as constructing critical dips (rolling dips) 
at stream crossings to prevent stream diversions, installing larger culverts wherever current pipes 
are under-designed for the 100 year storm flow (or where they are prone to plugging), installing 
culverts at the natural channel gradient to maximize the sediment transport efficiency of the pipe 
and ensure that the culvert outlet will discharge on the natural channel bed below the base of the 
road fill, installing debris barriers and/or downspouts to prevent culvert plugging and outlet 
erosion, respectively, and armoring the downstream fill face of the crossing to minimize or 
prevent future erosion. 
 
“Other”sites – A total of 77 other sites were also identified in the Parsons Creek assessment area.  
The main cause of existing or future erosion at these sites is surface runoff and uncontrolled flow 
from long sections of undrained road surface and/or inboard ditch.  Uncontrolled flow along the 
road or ditch may affect the road bed integrity as well as cause gully erosion on the hillslopes 
below the outlet to ditch relief culverts.  Road runoff is also a major source of fine sediment input 
to nearby stream channels.  In the Parsons Creek assessment area, we measured approximately 
14.94 miles of road surface and/or road ditch (representing 42% of the total inventoried road 
mileage) which currently drains directly to stream channels and delivers ditch and road runoff and 
sediment to stream channels.  These roads are said to be hydrologically connected to the stream 
channel network.  When these roads are being maintained and used for ranch access, they may 
represent a potentially important source of chronic fine sediment delivery to the stream system.   
 
We estimate 1,356 yds3 of sediment will be delivered to streams from the 77 other specific sites 
inventoried (Table X-C-1).  From the 14.94 miles of connected road segments, we calculated over 
14,608 yds3 of sediment will be delivered to stream channels in the Parsons Creek watershed over 
the next 10 years if no efforts are made to change road drainage patterns.  This will occur through 
a combination of 1) cutbank erosion delivering sediment to the ditch triggered by dry ravel, 
rainfall, freeze-thaw processes, cutbank landslides and brushing/grading practices, 2) inboard 
ditch erosion and sediment transport, 3) mechanical pulverizing and wearing down of the road 
surface, and 4) erosion of the road surface during wet weather periods. 
 
Treatment Priority 
An inventory of future or potential erosion and sediment delivery sites is intended to provide 
information which can guide long range transportation planning, as well as identify and prioritize 
erosion prevention, erosion control and road decommissioning activities in the watershed.  Not 
all of the sites that have been recommended for treatment have the same priority, and some can be 
treated more cost-effectively than others.  Treatment priorities are evaluated on the basis of 
several factors and conditions associated with each potential erosion site: 

• the expected volume of sediment to be delivered to streams (yds3), 
• the potential or likelihood for future erosion (high, moderate, low), 
• the urgency of treating the site (treatment immediacy – high, moderate, low), 
• the ease and cost of accessing the site for treatments, and 
• recommended treatments, logistics and costs. 
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Treatments 
Basic treatment priorities and prescriptions were formulated concurrent with the identification, 
description and mapping of both potential sources of road-related sediment delivery and road 
maintenance sites with no potential sediment delivery.  Table X-C-2 and Figure X-C-3 outline the 
treatment priorities for all 173 inventoried sites with future sediment delivery that have been 
recommended for treatment in the Parsons Creek watershed assessment area.  Of the 173 sites 
with future sediment delivery, 26 sites were identified as having a high or high-moderate 
treatment immediacy with a potential sediment delivery of approximately 4,520 yds3.  Eighty two 
(82) sites were listed with a moderate or moderate-low treatment immediacy and account for 
nearly 4,206 yds3 of future sediment delivery.  Finally, 65 sites were listed as having a low 
treatment immediacy with approximately 1,544 yds3 of future sediment delivery. 
 

Treatment 
Priority 

Upgrade sites 
(# and site #) 

Decommission 
sites 

(# and site #) 
Problem 

Future 
sediment 

delivery (yds3) 

High 
7 

(site #: 41, 86, 104, 118, 148, 166, 172 ) 0 
 

6 stream 
crossings,  

1 other 
747 

High 
Moderate 

19 
(site #: 4, 13, 14, 24, 25, 36, 40, 43, 44, 47, 64, 
72, 75, 91, 94, 102, 110, 113, 163) 

0 
 

14 stream 
crossings,  

5 other 
3,773 

Moderate 

29 
(site #: 8, 10, 15, 19, 20, 22, 33, 34, 43.1, 48, 65, 
68, 69, 80, 82, 88, 92, 97, 111, 116, 124, 131.2, 
149.1, 160, 168, 170, 171, 181, 199) 

1 
(site #: 127) 

17 stream 
crossings, 

2 landslides,  
11 other 

2,055 

Moderate 
Low 

53 
(site #: 1, 2, 5, 6, 9, 11, 12, 17, 21, 23, 26, 28, 29, 
30, 38, 42, 45, 46, 49, 52, 54, 56, 57, 59, 62, 63, 
68.1, 71.1, 76, 77, 79, 81, 83, 84, 93, 101, 106, 
109, 109.1, 114, 121, 129, 149.2, 149.3, 152, 
154, 155, 161, 164, 165, 167, 195, 206) 

4 
(site #: 126, 133, 

138, 212)  

42 stream 
crossings, 
15 other 

2,151 

Low 

65 
(site #: 3, 14.1, 15.1, 16, 18, 27, 32, 39.1, 39.2, 
42.1, 50, 51, 53, 55, 58, 60, 61, 61.1, 66, 67, 
67.1, 67.2, 67.3, 67.4, 69.1, 69.2, 71, 73, 78, 87, 
89, 90, 95, 96, 100, 102.1, 103, 107, 108, 111.1, 
112, 115, 120, 130, 135, 136, 137, 143, 146, 147, 
156, 162, 169, 173, 180, 182, 184, 191, 192, 193, 
194, 196, 198, 200, 201, ) 

2 
(site #: 140, 207) 

32 stream 
crossings, 
35 other 

1,544 

Total 173 7 180 10,270 

 

Table X-C-2. Treatment priorities for all inventoried sediment sources in the Hopland field 
station assessment area, Mendocino County, California. 
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Figure X-C-3.  Treatment Immediacy (priority) for inventoried road-related sites, UC           
Hopland Experimental Station, Parsons Creek, Mendocino County, California. 
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Table X-C-3 summarizes the proposed treatments for sites inventoried on all roads in the Parsons 
Creek assessment area, including both the upper and lower watershed areas.  These prescriptions 
include all upgrading measures.  The database, as well as the field inventory sheets, provide 
details of the treatment prescriptions for each site.  Most treatments require the use of heavy 
equipment, including an excavator, tractor, dump truck, grader and/or backhoe.  Some hand labor 
is required at sites needing new culverts, downspouts, flared inlets or culvert repairs, trash racks 
or for applying seed, plants and mulch following ground disturbance activities.   A total of 71 
critical rolling dips have been recommended to prevent future stream diversions at road crossings 
(Table X-C-3).  A total of 89 culverts are recommended for installation at stream crossings.  
Eighty-five will replace existing undersized or rotten stream crossing culverts with culverts sized 
for the 100 year storm, and 4 culverts are recommended for installation at currently unculverted 
small streams. 
 
It is estimated that erosion prevention work will require the excavation and disposal of 
approximately 6,171 yds3 at 22 sites.  Approximately 98% of the volume excavated is associated 
with upgrading or properly excavating stream crossings and nearly 2% of the volume is proposed 
for excavating potentially unstable road fills (landslides).  Most of the stream crossing  volume is 
associated with removal of channel stored sediment above the current culvert inlet.  A total of 45 
yds3 of 0.5 to 1.5 foot diameter, mixed and clean rip-rap sized rock will be needed to construct 
eight proposed armored wet crossings (Table X-C-3).  We have recommended 232 rolling dips be 
constructed at selected locations along the road, at spacings dictated by the steepness of the road.  
A minimum of twenty five (25) new ditch relief culverts are recommended to be installed along 
the road routes inventoried.  Some proposed rolling dips can be replaced with additional ditch 
relief culverts, but the total cost for additional ditch relief culverts are not included here. 
 
Equipment Needs and Costs 
Treatments for the 180 sites identified with future sediment delivery in the Parsons Creek 
assessment area will require approximately 312 hours of excavator time and 454 hours of tractor 
time to complete all prescribed upgrading, road closure, erosion control and erosion prevention 
work (Table X-C-4).  Excavator and tractor work is not needed at all the sites that have  been 
recommended for treatment and, likewise, not all the sites will require both a tractor and an 
excavator.  Approximately 8 hours of dump truck time has been listed for work in the basin for 
endhauling excavated spoil from stream crossings and at unstable road and landing fills where 
local disposal sites are not available.   Approximately 358 hours of labor time is needed for a 
variety of tasks such as installation or replacement of culverts, installation of debris barriers and 
downspouts. 
 
Estimated costs for erosion prevention treatments – Prescribed treatments are divided into two 
components: a) site specific erosion prevention work identified during the watershed inventories, 
and b) control of persistent sources of  road surface, ditch and cutbank erosion and associated 
sediment delivery to streams. The total costs for road-related erosion control at sites with future 
sediment delivery is estimated at approximately $331,345 for an average cost-effectiveness value 
of approximately $13.31 per cubic yard of sediment prevented from entering Parsons Creek and 
its tributaries (Table X-C-5). 
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Treatment No. Comment Treatment No. Comment 

Critical dip 71 To prevent stream 
diversions 

Outslope road 
and remove 
ditch 

97 
Outslope and remove ditch for 
37,342 feet of road to improve 
road surface drainage 

Install CMP 4 Install a CMP at an 
unculverted fill 

Outslope road 
and retain ditch 8 

Outslope and retain ditch for 1,840 
feet of  road to improve road 
surface drainage 

Replace CMP 85 Upgrade an undersized 
CMP 

Install rolling 
dips 232 Install rolling dips to improve road 

drainage 

Excavate soil 23 

Typically fillslope & 
crossing  excavations; 
excavate a total of 7,019 
yds3 

Cross road 
drain 2 Install cross road drains to improve 

road drainage 

Down spouts 5 
Installed to protect the 
outlet fillslope from 
erosion  

Remove berm 13 Remove 2,815  feet of  berm to 
improve road surface drainage 

Wet crossing 8 
Install  rocked ford and  
armored fill crossing 
using 45 yds3 rip-rap 

Install ditch 
relief CMP 25 Install ditch relief culverts to 

improve road surface drainage 

Install flared 
inlet 2 Install flared inlet to 

increase intake capacity Clean/cut ditch 4 Clean/cut 618 feet of ditch 

Clean CMP 1 Remove debris and/or 
sediment from CMP inlet 

Rock road 
surface 323 

Rock road surface using 3,654 
yds3 road rock 
(includes road rock for 14 site 
specific locations, and post 
installation for 214 rolling dips, 75 
stream crossings and 20 ditch 
relief culverts 

Inslope road 1 Inslope 210 feet of road 
to improve road drainage Other 10 Miscellaneous treatments 

Remove ditch 1 Remove 130 feet ditch to 
improve road drainage 

No treatment 
recommended 34  

Table X-C-3. Recommended treatments along all inventoried roads in the Hopland field 
station assessment area, Mendocino County, California. 

 
Overall site specific erosion prevention work:   Equipment needs for site specific erosion 
prevention work at sites with future sediment delivery are expressed in the database, and 
summarized in Table X-C-4 and Table X-C-5, as direct excavation times, in hours, to treat all 
sites.  These hourly estimates include only the time needed to treat each of the sites, and do not 
include travel time between work sites, times for basic road surface treatments that are not 
associated with a specific site, or the time needed for work conferences at each site.  These 
additional times are accumulated as logistics and must be added to the work times shown in Table 
X-C-4 to determine total equipment costs as shown in Table X-C-5.  
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Treatment 
Immediacy 

No. of 
Sites 

Excavated 
Volume 
(yds3) 

Excavator
(hrs) 

Tractor 
(hrs) 

Dump 
Trucks 

(hrs) 

Backhoe 
(hrs) 

Labor 
(hrs) 

High, 
High/Moderate 26 4,920 151 173 0 23 81 

Moderate, 
Moderate.Low 87 946 124 201 8 154 194 

Low 67 305 37 80 0 69 83 

Total 180 6,171 312 454 8 246 358 

Table X-C-4. Estimated heavy equipment and labor requirements for treatment of all 
inventoried sites with future sediment delivery, Hopland field station 
assessment area, Mendocino County, California. 

The costs in Table X-C-5 are based on a number of assumptions and estimates, and many of these 
are included as footnotes to the table.  The costs provided are assumed reasonable if work is 
performed by outside contractors, with no added overhead for contract administration and pre- 
and post-project surveying.  Movement of equipment to and from the site will require the use of 
low-boy trucks.  The majority of treatments listed in this plan are not complex or difficult for 
equipment operators experienced in road upgrading and road decommissioning operations on 
forest lands.  The use of inexperienced operators would require additional technical oversight and 
supervision in the field.  All recommended treatments conform to guidelines described in The 
Handbook for Forest and Ranch Roads (PWA 1994) for the California Department of Forestry, 
Natural Resources Conservation Service and the Mendocino County Resource Conservation 
District. 
 
Table X-C-5 lists a total of 225 hours for supervision time for detailed pre-work layout, project 
planning (coordinating and securing equipment and obtaining plant and mulch materials), on-site 
equipment operator instruction and supervision, establishing effectiveness monitoring measures, 
and post-project cost-effectiveness analysis and reporting.  It is expected that the project 
coordinator will be on-site full time at the beginning of the project and intermittently after 
equipment operations have begun. 
 
Stream channel surveys 
Approximately 3.3 miles of stream channel, extending from the private property boundary in the 
lower basin to the upper reaches in grasslands and oak forests of the upper watershed, was 
inventoried to identify past and current sediment sources (Figure X-C-1).  The goals of the 
channel assessment were three fold: 1) to evaluate the general condition of stream banks 
throughout the reach, 2) to document the dominant processes and extent of sediment production 
along stream side slopes, 3)  to determine locations where effective stream bank protection or re-
vegetation efforts could be employed to reduce erosion and promote long term recruitment of 
large organic debris to the main channel of Parsons Creek. 
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Estimated Project Times 
Cost Category1 Cost Rate2 

($/hr) Treatment3 
(hours) 

Logistics4 
(hours) 

Total 
(hours) 

Total 
Estimated 
Costs5 ($) 

Excavator 95 4 — 4 380 Move-in; move-out6  
(Lowboy expenses) D-5 tractor 70 4 — 4 280 

Excavator 115 312 94 406 46,690 
D-5 tractor 85 454 136 590 50,150 
Dump Truck 60 8 2 10 600 

 
Heavy Equipment 
requirements for site 
specific  treatments Backhoe 65 246 74 320 20,800 

Excavator 115 60 18 78 8,970 
D-5 tractor 85 101 30 131 11,135 
Backhoe 65 50 15 65 4,225 

Heavy Equipment 
requirements for 
road drainage 
treatments Grader 85 65 20 85 7,225 
Laborers7 20 487 146 633 12,660 
Rock Costs: (includes trucking for 3,654 yds3 of road rock and 45 yds3 of rip-rap sized rock ) 62,883 
Culvert materials costs (750’ of 18’, 2,110’ of 24”, 820’ of 30”, 400’ of 36”, 280’ of 42”, 200’ of 
48”, 130’ of 54”, 60’ of 60”, 190’ of 72”. Costs included for couplers and flared inlets) 91,735 

Mulch, seed and planting materials for 4.3 acres of disturbed ground8 2,358 
Layout, Coordination, Supervision, and Reporting9    11,254 

Total Estimated Costs    $ 331,345 

Overall project cost-effectiveness: $ 13.31 spent per cubic yard saved 
1Costs for tools and miscellaneous materials have not  been included in this table.   Costs for administration and contracting are variable and have not been 

included.  Costs and dump truck time (if needed) for re-rocking the road surface at sites where upgraded roads are outsloped are not included. 
2 Costs listed for heavy equipment include operator and fuel.  Costs listed are estimates for favorable local private sector equipment rental and labor rates.  
3 Treatment times include all equipment hours expended on excavations and work directly associated with erosion prevention and erosion control at all the sites. 
4 Logistic times for heavy equipment (30%) include all equipment hours expended for opening access to sites on maintained and abandoned roads, travel time for 

equipment to move from site-to-site, and conference times with equipment operators at each site to convey treatment prescriptions and strategies.  
Logistic times for laborers (30%) includes estimated daily travel time to project area. 

5  Total estimated project costs listed are averages based on private sector equipment rental and labor rates. 
6  Lowboy hauling for tractor and excavator, 4  hours round trip for the following areas within Parsons Creek. Costs assume 2  hauls for  two pieces of equipment 

(one to move in and one to move out). 
7 Additional labor hours are included for the following: 1) 54 hours for seeding and mulching activities and 2) 75 hours for ditch relief culvert installation. 
8 Seed costs equal $6/pound for erosion control seed. Seed costs based on 50# of erosion control seed per acre. Straw costs include 50 bales required per acre  at 

$5 per bale. Sixteen hours of labor are  required per acre of straw  mulching.  
9 Supervision time includes detailed layout (flagging, etc) prior to equipment arrival, training of equipment operators, supervision during equipment operations, 

supervision of labor work and post-project documentation and reporting). Supervision times based on 30% of the total excavator  time plus 1 week 
prior and 1 week post project implementation. 

Table X-C-5. Estimated logistic requirements and costs for road-related erosion control 
and erosion prevention work on all inventoried sites with future sediment 
delivery in the Hopland field station, Parsons Creek, Mendocino County, 
California. 

 
Aerial photos (1:14,000) were used as a base map to record stream channel observations.  The 
channel survey started at the downstream boundary of the HREC ownership and extended 
upstream through HREC properties (Figure X-C-1).  The details of the channel mapping data is 
shown in three separate maps covering the lower to upper basin and three additional maps 
covering the same area but with the erosional sites sorted by treatment priority.  The individual 
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channel maps depict the location of debris landslides, deep-seated landslides, and sites of bank 
erosion.  Bank erosion sites exceeding 10 yds3 and debris landslides exceeding 50 yds3 were 
quantified and described using the stream channel inventory data forms (Figure X-C-4).  The 
location of bank erosion sites less than 10 yds3 and debris landslides less than 50 yds3 are shown 
on the strip maps, but have not been further described. 
 

STREAM CHANNEL INVENTORY DATA FORM 

General Site #: Date: Mappers: Air Photo: 

 Bank (L/R): Treat?(Y)   
Watershed: Stream: 

Problem Debris Slide 
Hillslope failure of 
unknown depth and 
activity 

Torrent 
channel Bank erosion Log jam: Other: 

 Past, future, both Activity 
(A, W, IA): 

Age 
(decade): Hillslope (%) Land use: Undercut (Y) 

Erosion Past width: Past depth: Past length: Past vol: Past del (%) Past yld 
(yds): 

E.P.: Future Width Future depth: Future 
length: Future vol: Fut del (%) Fut yld 

(yds): 

Treatment Immed: 
(H, M, L) 

Complexity: 
(H, M, L) Eqpt or labor (E, L, B): Access:  

(Easy, Moderate, Hard) 

 Excavate soil Rock 
armor/buttress 

Log 
protection 

Remove 
logs/debris Plant Other 

Hours: Excavator: Dozer: Dump truck: Backhoe: Labor: Other: 
Problem:       
       
       
Treatment:       
       
       

Figure X-C-4. Stream Channel Inventory Data Form. 
 
Besides documenting locations of past and current erosion and landsliding along the channel, 
efforts were made to document other important channel features.  These included:   

• the location of fish habitat structures and concentrations of large woody debris; 
• the location of log jams; 
• stream gradients, and 
• the location of tributary stream junctions 

 
All information collected in the field was compiled into a catalog of channel features by station 
number to assist in future channel surveys.  The six channel strip maps summarize the data that 
was collected for the 3.3 miles of inventoried stream channel. 
 
Channel survey results 
A total of 117 sites of significant erosion were identified during the stream channel surveys.  A 
total of 60 sites of past and active bank erosion were mapped along the lower reaches and main 
tributary to Parsons Creek (Table X-C-6).   Bank erosion sites averaged 342 yds3 in volume.  
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Stream side debris slides have generated over twice as much sediment delivery to the channel 
system than did bank erosion in the Parsons Creek watershed.  Fifty seven debris slides in the >50 
yds3 class averaged nearly 1218 yds3 in volume and accounted for 39,631 yds3 of sediment 
delivery (Table X-C-6).  Some of these debris slides were associated with roads near the inner 
gorge of Parsons Creek. 
 

Bank Erosion site >10 yds3 Debris slides >50 yds3 % 
Reach Reach 

Length (feet) No. Length 
(ft) 

Delivery 
(yds3) No. Delivery 

(yds3) BE/DS 

Mainstem1 7,628 26 5,236 4,278 4 2,749 87/13 

Largest Tributary 
of Parsons Creek 9,708 34 3,267 12,164 53 37,382 39/61 

Total 17,336 60 8,503 16,442 57 40,131 ---- 
1 Sites 182.1 and 183 were quantified on the road erosion inventory but contributed an additional 19,925 yds3 to the stream 

channel which could be added to the total Mainstem past erosion volume. 

Table X-C-6.  Bank erosion and small stream side debris slides along inventoried stream 
reaches, Parsons Creek, Mendocino County, California. 

When evaluating erosion sites on Parsons Creek it is clear that the dominant erosion processes 
change from the mainstem to the main tributary.  On the mainstem, where stream gradients are 
low, the channel is unconfined and meandering, and fluvial terraces are the dominant sediment 
source, bank erosion is the most common type of erosional process.  On the main tributary where 
gradients are high, the channel is confined, and thick heterogeneous, low strength colluvial 
sediments are the dominant sideslope material, debris landsliding is the most common erosional 
process (Table X-C-6).  Thirty seven sites have been identified as treatable along the mainstem 
and main tributary to Parsons Creek.  These sites have been sorted by treatment priority and are 
summarized in (Table X-C-7). 

 
Of the treatable sites, 2 are high priority, 4 are high moderate priority, 14 are moderate priority, 6 
are moderate low priority, and 11 are low priority.  Treating erosional sites along Parsons Creek 
is not as straight forward as treating erosion related to roads.  Most of the sites of future erosion 
along Parsons Creek are in remote locations with little to no access by road.  In most cases 
pioneering a road to allow heavy equipment access may generate more sediment and long term 
maintenance costs than is justifiable by either a sediment savings cost analysis or sediment 
production standpoint.  The two high treatment priority sites are along the mainstem of Parsons 
Creek and have been deemed high priority due to their proximity to, and possible effect on, main 
access roads managed by HREC.  These two sites do not have high future sediment delivery and 
are therefore not very cost-effective to treat but they are easily accessible and should be 
monitored for increased activity. 
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Treatment 

Priority 
Upgrade sites 
(# and site #) Problem Future sediment 

delivery (yds3) 
High 2 

(site #: 312, 314 ) 2 bank erosion 94 

High 
Moderate 

4 
(site #: 305, 316, 320, 416) 

3 bank erosion, 
1 other 1,715 

Moderate 
14 

(site #:300, 302, 306, 308, 309, 313, 326, 
327, 333, 344, 360, 361, 364, 381) 

12 bank erosion, 
2 debris landslides 2,076 

Moderate 
Low 

6 
(site #: 301, 304, 307, 311, 315, 362 ) 

5 bank erosion, 
1 debris landslide 77 

Low 
11 

(site #: 310, 321, 323, 339, 343, 348, 351, 
351.1, 354, 369, 386) 

4 bank erosion, 
7 debris landslides 114 

Total 37 
26 bank erosion 

10 debris landslides 
1 other 

5,786 

Table X-C-7. Treatment priorities for treatable sediment sources along inventoried 
stream reaches in the Hopland field station assessment area, Mendocino 
County, California. 

Sediment source summary 
We extrapolated the data collected in the stream channel inventory to the other main tributaries of 
Parsons Creek to try to come up with an estimate of total past streamside erosion within the 
HREC management boundary.  This was done by determining the ratio of air photo identified 
sites to sites actually documented during the stream inventory along the main tributary.  Using 
this data and the known ratio of bank erosion sites to debris slides on the main tributary an 
estimate of the number of unidentified erosional sites for the other 4 tributaries was determined. 
These estimated erosional sites were then multiplied by the average erosion volume of non-air 
photo identified bank erosion (221 yds3) and debris landslides (421 yds3) respectively on the 
surveyed main tributary.  The total estimated erosional volume of unidentified slides for the four 
un-inventoried tributaries was then quantified (Table X-C-8).  Based on our field observations, 
this probably represents a maximum erosion volume.  Reconnaissance of the un-surveyed 
tributaries suggests that the density of sites is lower for the four un-surveyed tributaries  than the 
main tributary.  Furthermore the thickness of the colluvial deposits, which are the main source of 
sediment along the main tributary, is thinner to the north especially in the upper portions of 
tributaries three and four.  Other factors including stream size, road influence, conversion from 
chaparral to pasture, grazing practices, and other management activities most likely influence the 
number and size of erosion sites along the four un-surveyed tributaries. 
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Reach Reach 
length 

Air 
photo 
sites 

Estimated volume 
of air photo 

identified sites 
(yds3) 

Estimated volume 
of non-visible sites 

(yds3) 

Total estimated 
erosional volume 

(yds3) 

Mainstem 7,628 2 460 6,5671 7,027 
Largest 

Tributary of 
Parsons Creek 

9,708 29 37,981 11,565 49,546 

Tributary 1 9,700 7 4,181 5,565 9,746 

Tributary 2 6,934 6 7,144 4,452 11,596 

Tributary 3 8,321 5 2,679 3,760 6,439 

Tributary 4 8,321 6 6,027 4,452 10,479 

Total 50,612 57 58,472 36,361 94,833 

1Mainstem Parsons Creek is alluvial and has abundant bank erosion sites that are not identifiable on air photos 

Table X-C-8. Estimated past sediment delivery from air photo interpretation and data 
extrapolation for the mainstem and five largest tributaries of Parsons 
Creek, Mendocino County, California. 

 
Table X-C-9 summarizes the estimated past sediment delivery to the Parsons Creek Watershed 
from road and streamside erosion for the last 30 years.  Of a total of 201,771 yds3 of estimated 
past erosion 43% is road related and 57% is streamside sediment delivery.  The fact that most of 
the streamside sediment delivery occurred along reaches of stream bounded by thick, highly 
erodible, colluvial deposits suggests that the erosion is natural, although some channel incision 
from road related runoff and channel bed aggradation is possible.  Surface erosion from 
converting chaparral to pasture is evident from our field observations but is difficult to quantify 
and has not been considered in this study. 
 
Conclusion 
The expected benefit of completing the erosion control and prevention planning work lies in the 
reduction of long term sediment delivery to Parsons Creek, an important steelhead stream.  A 
critical first-step in the overall risk-reduction process is the development of a watershed 
transportation analysis and plan.  In developing this plan, all roads in an ownership or sub-
watershed are considered for either decommissioning or upgrading, depending upon the risk of 
erosion and sediment delivery to streams, and the future use levels.  Not all roads are high risk 
roads and those that pose a low risk of degrading aquatic habitat in the watershed may not need 
immediate attention.  It is therefore important to rank and prioritize roads in each sub-watershed, 
and within each ownership, based on their potential to impact downstream resources, as well as 
their importance to the overall transportation system and to management needs. 
 
Good land stewardship requires that roads either be upgraded and maintained, or intentionally 
closed (put-to-bed).  The old practice of abandoning roads, by either installing barriers to traffic 
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(logs, tank traps or gates) or simply letting them naturally revegetate, is no longer considered 
acceptable.  These roads typically continue to fail and erode for decades following abandonment. 
 

Site Type Number of sites or 
road miles 

Past erosion 
(yds3) 

% 
Total 

Total road inventory sites (all sites)1 214 43,189 21 

Estimated Persistent past surface erosion2 14.94 43,824 22 

Quantified stream past erosion sites3 117 76,498 38 

Estimated stream past erosion sites 59 38,260 19 

Totals 390 201,771 100 
1 

The road inventory documented 63,114 yds3 of past erosion.  At sites 182.1 and 183 the past erosion volume totaled 19,925 yds3 but both 
features are non-road related debris slides (i.e. the road had little to no influence on the slides).  Subtracting the 19,925 yds3 of past erosion 
equals 43,189 yds3 of past road related sediment delivery. 
2 Assumes 25’ wide road prism and cutbank contributing area, and 0.2’ of road/cutbank surface lowering per decade for all existing roads for 
3 decades.  This is the current road connectivity, we have no way of estimating past connectivity. 
3 The channel surveys documented 56,573 yds3 of past sediment delivery (Table X-C-6). We have added the volume of sediment delivery 
from sites 182.1 and 183 of the road survey (19,925) to the channel survey to total 75,498 yds3   

Table X-C-9. Estimated total past sediment delivery for Parsons Creek Watershed over 
the last 30 years, Hopland field station assessment area, Mendocino County, 
California. 

 
Currently unused, unmaintained and/or abandoned roads in Parsons Creek were evaluated for 
either upgrading or permanent or temporary decommissioning.  Road upgrading consists of a 
variety of techniques employed to erosion-proof and to storm-proof a road and prevent 
unnecessary future erosion and sedimentation.  Erosion-proofing and storm-proofing typically 
consists of stabilizing slopes and upgrading drainage structures so that the road is capable of 
withstanding both annual winter rainfall and runoff, as well as a large storm event without failing 
or delivering excessive sediment to the stream system.  All roads in Parsons Creek have been 
prescribed for upgrading.  The goal of road upgrading is to strictly minimize the contributions of 
fine sediment from roads and ditches to stream channels, as well as to minimize the risk of 
serious erosion and sediment delivery when large magnitude, infrequent storms and floods occur.  
 
A plan was submitted in May to the California Department of Fish and Game to implement 
suggested sediment reduction upgrades for the high, high moderate, and moderate treatment 
priority sites within the HREC property boundary.  As of February 1, 2001 it is our understanding 
that the proposal has been funded and implementation work will be begin as soon as the funding 
becomes available and CEQA is completed. 
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PROJECT OVERVIEW 
SB 271 Road Decommissioning Project 

Redwood Creek, Humboldt County, California 
 
INTRODUCTION 
Redwood Creek, with its mouth located near Orick, California, has long been recognized as one 
of the more important salmon and steelhead producing watersheds in the region.  Approximately 
59 miles of the mainstem and 50 miles of tributary streams are utilized by anadromous salmonids 
in this 285 square mile watershed.  The purpose of this watershed implementation project was to 
assist in protecting and restoring a quality habitat for fisheries, by reducing the amount of 
anthropogenic sediment that contributes to the stream system.  This project was made possible by 
funding from the California Department of Fish and Game (through SB 271 funding).  Simpson 
Resource Company provided partial matching funds.  More than 4.4 miles of inner gorge and 
stream-side road, including fifty-six sites that threatened to deliver sediment into the Redwood 
Creek system, were decommissioned.  This report documents the erosion prevention project that 
was completed in 2003. 
 
BACKGROUND 
In 1999 field work began on a SB 271 funded watershed assessment project that included 33,000 
acres of the Redwood Creek watershed immediately upstream from Redwood National Park 
boundaries (Figure X-D-1).  This area was identified in the federal legislation expanding 
Redwood National Park as the Park Protection Zone (PPZ).  Approximately 225 miles of road 
were inventoried for sediment sources within this assessment area. 
 
The PPZ assessment area is typical of the region, where land is privately managed for timber 
harvest and agricultural production, with the exception of several areas.  The BLM manages over 
920 acres in the upper Lacks Creek area and several rural residential land holdings also exist 
within the assessment area.   Three major landowners (Simpson Resource Company, Barnum 
Timber Company, and Stover Ranch) control in excess of 95% of the watershed area in the PPZ. 
 
Roads constructed to support timber harvesting activities were built as areas were entered for first 
and second cycle logging activities.  Some major routes (Old K & K Road, K & K Road, and 
Dolly Varden Road) were constructed for off-highway log hauling prior to 1958.  These routes 
were aligned across steep inner gorge slopes using Humboldt stream crossings and sidecast 
construction techniques.   
 
Road systems are now widely recognized throughout the region as one of the most significant, 
and perhaps the most easily controlled, sources of sediment production and delivery to stream 
channels.  Redwood Creek is underlain by erodible and potentially unstable geologic substrate, 
and both field observations and aerial photo analysis suggests that roads have been a significant 
source of accelerated sediment production in the watershed (E.P.A. 1998).  In Redwood Creek, as 
elsewhere, excess sediment input to stream channels triggered by large rainfall events is one of 
the most significant factors affecting or threatening salmonid populations.   
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Figure X-D-1. Project Location Map Redwood Creek Road Decommissioning and Erosion 

Prevention Project Panther Creek USGS Quadrangle, Humboldt County, 
California. 
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Field inventories and data base analyses for the Redwood Creek watershed identified several high 
priority, high yield abandoned roads and road segments that threaten to deliver large quantities of 
sediment to the stream system if they are left untreated.  Seven of these high priority road 
segments, totaling 4.4 miles, were decommissioned as a part of this project (Figure X-D-2).  
These included abandoned logging roads that had been constructed along the steep inner gorges 
of Redwood Creek and Panther Creek (tributary to Redwood Creek).  
 
PROJECT OBJECTIVES 
This road decommissioning project was designed to protect and improve salmonid habitat 
through controlling and preventing road-related erosion on several inner gorge slopes in the 
Redwood Creek watershed.  The primary objective of the project was to implement cost-effective 
erosion control and erosion prevention work on high priority roads that were identified as a part 
of the comprehensive watershed assessment and inventory project for the basin.  
 
The implementation of erosion control and erosion prevention work is perhaps the most important 
step to protecting and restoring watersheds and their anadromous fisheries, especially where 
sediment input is a limiting or potentially limiting factor to fisheries production, as is thought to 
be the case for the Redwood Creek watershed.  Unlike many watershed improvement and 
restoration activities, erosion prevention and “storm-proofing” has an immediate benefit to the 
streams and aquatic habitat of the basin.  It helps ensure that the biological productivity of the 
watershed’s streams is not impacted by future human-caused erosion, and that future storm runoff 
can cleanse the streams of accumulated coarse and fine sediment, rather than depositing 
additional sediment from managed areas.  Roads treated for this implementation project have 
been identified as high priority for immediate implementation so that fill failures, stream crossing 
washouts and stream diversions do not degrade the stream system.  The decommissioning work 
completed on this project is a significant step toward realization of long term salmon habitat 
protection and improvement in the Redwood Creek watershed. 
 
LOCATION 
This erosion control and erosion prevention project was focused on the area of Redwood Creek 
watershed downstream from the mouth of Panther Creek.  It includes seven road segments (4.4 
miles) in the lower watershed on Simpson Resource Company lands (Figure X-D-2).  The 
attached maps (Figure X-D-2 and Figure X-D-3) depict the locations of the implementation 
projects as well as the specific sites that were treated for erosion prevention along each of the 
road segments. 
 
PROJECT DESCRIPTION 
The primary emphasis of the Redwood Creek watershed erosion prevention project was to treat 
existing and potential sediment sources identified along abandoned stream-side and inner gorge 
roads (Figure X-D-2 and Figure X-D-3).  All roads that were treated were high priority road 
reaches that threatened to deliver substantial volumes of sediment to Redwood Creek or to 
Panther Creek if they were left untreated.  A number of sites had already failed and many others 
showed signs of pending and potential failure and sediment delivery. 
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Figure X-D-2. Road location map Redwood Creek Road Decommissioning and Erosion 

Prevention Project Humboldt County, California. 
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Figure X-D-3. Site location map, Redwood Creek Road Decommissioning and Erosion 

Prevention Project, Humboldt County, California. 
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This road decommissioning (closure) plan was aimed at old, abandoned high risk roads located 
within stream-side and inner gorge areas.  Overall recommendations for the road reaches, as well 
as site-specific treatment prescriptions, were prepared for each road proposed for 
decommissioning.  Only sites which would likely deliver sediment to a stream channel if left 
untreated were targeted for implementation.   
 
General heavy equipment treatments for road decommissioning have been tested, described and 
evaluated elsewhere (Harr and Nichols 1993; Weaver and others 1987; Weaver and Sonnevil 
1984; Weaver and Hagans 1994).  Decommissioning essentially involves reverse road 
construction, except that full topographic obliteration of the road bed is not normally required to 
accomplish cost-effective sediment prevention goals.  In order to protect the aquatic ecosystem, 
our goal was to hydrologically decommission the roads; that is, to minimize the adverse effect of 
the road on natural hillslope stability and watershed hydrology.  From least intensive to most 
intensive, decommissioning included many of the following tasks4: 
 
1. Road ripping or decompaction, in which the surface of the road or landing is “decompacted” or 
disaggregated using mechanical rippers.  This action reduces surface runoff and often 
dramatically improves revegetation. 
 
2. Cross-road drains, (deep waterbars) are installed at 50, 75, 100 or 200-foot intervals, or as 
necessary at springs and seeps, to disperse road surface runoff, especially on roads that are to be 
permanently or temporarily decommissioned.  Cross-road drains are large ditches or trenches 
excavated across a road or landing surface to provide drainage and to prevent the collection of 
concentrated runoff on the former road bed.  In some locations, such as stream-side zones, mild 
outsloping may be used instead of cross road drain construction. 
 
3. In-place stream crossing excavation (IPRX) is a decommissioning treatment that is employed 
at locations where roads or landings were built across stream channels.  The fill (including the 
culvert or Humboldt log crossing) is completely excavated and the original stream bed and side 
slopes are exhumed.  Excavated spoil is stored at nearby stable locations where it will not erode, 
sometimes being pushed several hundred feet from the crossing by bulldozer tractor(s).  A stream 
crossing excavation typically involves more than simply removing the culvert, as the underlying 
and adjacent fill material must also be removed and stabilized.  Side slopes are excavated to about 
a 2:1 slope so that they can be mulched and seeded with minimal post-project erosion. 
 
4. Exported stream crossing excavation (ERX) is a decommissioning treatment where stream 
crossing fill material is excavated and spoil is hauled off-site for storage.  Spoil is moved farther 
up- or down-road from the crossing, due to the limited amount of stable storage locations at the  
excavation site.  This treatment frequently requires dump trucks to endhaul spoil material to the 
off-site location.  
 
5. In-place outsloping (IPOS) (“pulling the sidecast”) calls for excavation of unstable or 
potentially unstable sidecast material along the outside edge of a road prism or landing, and 
                                                 

4Many of these and other erosion prevention and erosion control techniques are describe in the AHandbook 
for Forest and Ranch Roads (PWA, 1994) 
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placement of the spoil on the roadbed against the corresponding, adjacent cutbank, or within 
several hundred feet of the site.  Placement of the spoil material against the cutbank usually 
blocks access to the road and is used in road decommissioning.  In road upgrading, the excavated 
material can be used to build up the road bed and convert an insloped, ditched road to an 
outsloped road.  
 
6. Exported outsloping (EOS) is comparable to in-place outsloping, except spoil material is 
moved off-site to a permanent, stable storage location.  Where the road prism is very narrow, 
where there are springs along the road cutbank or where continued use of the road is anticipated, 
spoil material is typically not placed against the cutbank and material is endhauled to a spoil 
disposal site.  This treatment frequently requires dump trucks to endhaul spoil material.  This is 
typically a decommissioning treatment as part or all of the roadbed is removed. 
 
Only in relatively few instances does hydrologic decommissioning have to include full 
recontouring of the original road bed.  Typically, potential problem areas along a road are isolated 
to a few locations (perhaps 10% to 20% of the full road network to be decommissioned) where 
stream crossings need to be excavated, unstable landing and road sidecast needs to be removed 
before it fails, or roads cross potentially unstable terrain and the entire prism needs to be 
removed.  Most of the remaining road surface simply needs permanently improved surface 
drainage, using decompaction, road drains and/or partial outsloping.   
 
Certain road segments included in this proposal contained a high density of treatment sites and 
subsequent decommissioning work involved relatively large portions of the road bed.  
Successfully decommissioning most roads typically costs a fraction of complete or total 
topographic road obliteration.  Costs are highly dependent on the frequency and nature of the 
potential erosion problems along the alignment.  Specific hours and costs for the Redwood Creek 
decommissioning project are included on the attached data tables.  
 
We have included profiles and cross sectional diagrams of selected sites.  For the sake of 
simplicity, specific details and drawings for each sediment treatment site are not included with 
this report, but are available for review and evaluation.  For each treatment site, there is a detailed 
field data form describing site conditions, risk of future erosion, and details of the proposed 
treatment.  For all stream crossing sites, we have prepared sketch maps, as well as cross sections 
and profile surveys, and design drawings for the proposed excavation. 
 
The specific erosion prevention plan for these routes includes (for each site recommended for 
treatment) the recommended treatment prescription, treatment specifications, needed materials 
and equipment (including heavy equipment), estimated equipment times (hours), needed labor, 
and estimated costs to complete the project.  This implementation information was included in the 
data forms and actual heavy equipment hours have been detailed in the attached treatment tables.  
All treatments for specific sites, whether roads, road segments, or other specific sites, were 
discussed with the landowner and land manager to ensure they were in conformance with existing 
or future management plans for the watershed areas. 
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SCHEDULE OF WORK 
This road decommissioning project was administered by the Pacific Coast Fish, Wildlife and 
Wetlands Restoration Association.  Actual project design, layout, implementation and reporting 
was conducted under the supervision of Pacific Watershed Associates of McKinleyville, 
California.  On-the-ground implementation (road decommissioning) work was performed in the 
summer of 2002 and 2003 (Table X-D-1).  All heavy equipment work was completed during 
summer low flow periods when impacts to water quality could be minimized or avoided.  
 
In July, August, September, October and November 2002, the 1300, 1301, 1305, 1310, 1312 
Upper and the 1312 Lower Roads were treated for permanent closure.  In June and July 2003, the 
1311 Road was treated for permanent closure.  These roads were located along, or crossed, the 
steep inner gorge slopes of Class 1 and Class 2 stream channels.  Each road that was treated 
showed evidence of substantial past erosion, as well as considerable future potential for erosion 
and sediment delivery. 
 

 
Heavy Equipment Hours1  

Road 
Number 

 
Length 

(ft.) 

 
Number 

of 
Sites 

Treated 

 
Dates of Operation  

Excavator 
 

Dozer 

 
Dump 
Truck 

1300 Road 6,178 16 July 24 – October 13 ,2002 298.5 308.5 349.5 

1301 Road 475 1 October 8,2002 6.5 6.5 0 

1305 Road 4,716 25 August 9 – September 18,2002 162 174.5 163 

1310 Road 4,488 3 July 28 – July 30,2002 24 24 38 

1311 Road 2,270 5 June 25 – July 21,2003 192 109.25 115.25 
1312 Upper 
Road 3,010 3 October 10 – November 5,2002 122 121.5 163.75 

1312 Lower 
Road 1,742 3 September 18 – October 

15,2002 31.5 33 2 

Total 22,879 56 July 23 – November 5,2002and 
June 25 – July 21,2003 836.5 777.25 831.5 

1 Equipment hours do not include road opening and development of off-site spoil disposal areas. 

Table X-D-1. Equipment work schedule and hours, Redwood Creek Decommissioning 
2002-2003. 

 
IMPLEMENTATION 
Mike McDonald Construction of Trinity Center, CA was the primary equipment operator for the 
project area and McCullough Construction of Salyer, CA was the secondary equipment operator 
for the project area.  Mike McDonald Construction carried out treatments using a CAT 325C 
hydraulic excavator, CAT D-6 high track bulldozer, 10 yd3 dump trucks, and a CAT 22 yd3 off-
highway dump truck.  McCullough Construction carried out treatments using a Komatsu 
hydraulic excavator, Komatsu (D-7 equivalent) bulldozer and several 10 yd3 dump trucks (Table 
X-D-1).  The excavators were used to: 1) open access to each site (brushing and filling of gullies), 
2) excavate soil and organic debris (logs and chunks) from the stream crossings, 3) place small 
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volumes of excavated spoil on stable slopes near the decommissioned stream crossings, 4) 
decompact (rip) the road roadbed between stream crossing locations (especially if fill was to be 
stored on the old road surface), 5) outslope the old road bed between sites, 6) “mulch” the treated 
road with logs, limbs and brush and 7) construct cross-road drains on the decommissioned roads. 
 
The bulldozer was used to help reconstruct the roads and stream crossings for access by the dump 
trucks, to push excavated material to nearby disposal sites, to work off-site spoil disposal sites 
where excavated material was dumped and to rip (decompact) old road surfaces.  Up to three 10 
yd3 dump trucks were used to haul excavated spoil from the inner gorge stream crossing sites to 
stable storage areas.  
 
Two separate equipment crews treated sections of seven roads in Redwood Creek (Figure X-D-2 
and Figure X-D-3). Because the roads had not been used for some time, it was estimated that 91 
hours of excavator and dozer time would be required to open the seven road reaches treated in 
this project. A total of fifty-six (56) sites were treated along 4.4 miles of road surface (Table X-D-
1).   
 
The original inventory identified 20 stream crossings, 31 landslides and 8 other sites that were all 
in need of treatment.  By the time the project was undertaken in 2002, three sites were removed 
(one road fill landslide and two washed out stream crossings on the 1305 Road) from the 
proposed work area.  The three sites (24.1, 24.2 and 25) occurred along the last 300’ of the 1305 
Road.  It was determined that the risk of sediment production caused by road opening and 
backfilling the washed out stream crossings would be greater than maintaining abandonment of 
the road segment. The predicted heavy equipment hours, actual heavy equipment hours and 
predicted excavation volumes for each treatment site are detailed at the end of this report.   
 
It was estimated that 44,287 yds3 of sediment would have to be excavated from the original 59 
work sites identified in the initial road inventory, and that treatment of these sites would prevent 
the delivery of 26,425 yds3 of sediment to Redwood Creek.  Actual excavation volumes differ due 
to the removal of work sites by the time implementation was conducted in 2002 and due to an 
enlarged excavation on one stream crossing (see deviations from the original work plan). Because 
much of the excavated sediment was stored locally, it was not possible to determine the exact 
volume of material that was moved during the project. 
 
Table X-D-2 describes the types and number of sites that were originally proposed for treatment 
on each road segment, as well as a general description of each decommissioned road.  Landslide 
sites included road fill failures and instabilities, cutbank slides, hillslope slumping and large 
rotational slides.  Stream crossings included culverted and unculverted crossings as well as 
Humboldt log crossings.  
 
The 1300 Road contours along the left bank/inner gorge hillslope of Redwood Creek (Figure X-
D-2).  This abandoned road varies from approximately 150’ – 750’ above mainstem Redwood 
Creek and crosses five class 2 and class 3 streams that drain directly to Redwood Creek. The 
initial inventory identified five stream crossings, eight potential road fill landslides and three 
other sites.  The five stream crossings that were decommissioned empty directly into Redwood 
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Creek.  All sites on this road were straight forward, were treated as originally prescribed and 
equipment hours were relatively close to the original estimates.   
 
A total of 6,178 feet of road length with 16 sites were treated on the 1300 Road.  This took the 
equipment crew 32 working days and approximately 299 hours for the excavator, 309 hours for 
the dozer and 350 hours for dump trucks, not including all time necessary for road opening and 
clearing of spoil sites.  All decommissioned stream crossings were seeded and straw mulched to 
help inhibit surface erosion.  
 
The 1301 Road is located just off the 1300 Road near site # 5 (Figure X-D-2).  This abandoned 
road is a 475 feet spur with a terminal landing.  Only one potential road fill landslide site was 
identified during the initial road inventory.  This site exhibited active scarps with up to 3 feet of 
vertical displacement and up to12 feet back from the outboard fill, perched on 70% slopes 20 feet 
above a Class 2 stream channel.  The site was treated as originally prescribed and equipment 
hours were relatively close to the original estimates. 
 
The 1305 Road contours directly above the left stream bank of Redwood Creek (Figure X-D-2).  
This abandoned road varies from approximately 30 to 75 feet above mainstem Redwood Creek 
and crosses ten Class 2 and Class 3 streams that drain directly to Redwood Creek. The initial 
inventory identified ten stream crossings, fourteen potential road fill landslides and four other 
sites.  This road exhibited nearly continuous fillslope instabilities along most of the road length 
with the exception of the northern-most 500 feet.  Most sites on this road were straight forward, 
were treated as originally prescribed and equipment hours were relatively close to the original 
estimates.  One noted exception to the initial treatment plan was the elimination of three sites 
from the proposed work.  As previously mentioned, it was determined that the risk of sediment 
production caused by road opening and backfilling of the washed out stream crossings would be 
greater than simply leaving the sites untreated.  
 
A total of 4,716 feet of road length with 25 sites were treated on the 1305 Road.  This took the 
equipment crew 28 working days and approximately 162 hours for the excavator, 175 hours for 
the dozer and 163 hours for dump trucks.  All decommissioned stream crossings were seeded and 
straw mulched to help inhibit surface erosion. 
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Number of sites of future 

sediment delivery (#) Road 
Number 
(site list) 

Location Road Description 
Stream 

Crossing Landslides Other 

1300 
(1, 2, 3, 4, 5, 
6, 7, 8, 9, 10, 

11, 12, 13, 14, 
15, 16) 

Redwood 
Creek 

Abandoned road contours along left side of 
Redwood Creek and parallels above 1305 Road.  
Multiple medium size culverted and Humboldt 
stream crossings actively eroding and delivering 
sediment to Redwood Creek.  Road exhibited 
multiple fillslope instabilities with potential 
sediment delivery. 

5 8  

1301 
(1) 

Redwood 
Creek 

Short 475 foot spur road with terminal landing.  
One Potential road fill failure perched directly 
above left approach of site # 5 on 1300 Road. 

0 1 0 

1305 
(1, 2, 3, 4, 5, 
6, 7, 8, 9, 10, 
11, 12, 13, 

13.1, 14, 14.5, 
15, 16, 17, 18, 
19, 20, 21, 22, 
23, 24, 24.1, 

24.2) 

Redwood 
Creek 

Abandoned stream-side road contours directly 
above the left bank of Redwood Creek.  Road 
averages 30’ – 75’ above Redwood Creek at 
bankfull level.  Multiple small, poorly culverted, 
actively eroding Humboldt crossings and nearly 
continuous road fill failure problems. 

10 14 4 

1310 
(1, 2, 3) 

Redwood 
Creek 

Abandoned road contours along left hillslope of 
Redwood Creek and parallels above 1312 and 
1300 Roads. Relatively low gradient (30-45%) 
hillslope setting.  One washed out stream 
crossing, one potential road fill failure in a 
headwater swale setting and one road reach / 
DRC delivery location on this road. 

1 1 1 

1311 
(1, 2, 3, 4, 5) 

Panther 
Creek 

Abandoned inner gorge road contours along left 
hillslope 600’ – 800’ above Panther Creek.  
Several medium sized culverted stream 
crossings, one enormous eroding Humboldt 
stream crossing and several potential road fill 
failures perched above site # 3 on this road. 

3 2 0 

1312 Upper 
(1, 2, 3) 

Panther 
and 

Redwood 
Creeks 

Short abandoned tie road contours along left 
hillslope of Redwood and Panther Creeks.  Road 
parallels above 1312 Lower and 1300 Roads.  
One very large potential road fill failure, one 
medium sized eroding stream crossing and one 
smaller potential road fill failure on this road. 

1 2 0 

1312 Lower 
(1, 2, 5) 

Panther 
Creek 

Abandoned inner gorge road contours uphill 
along left hillslope 200’ – 500’ above Panther 
Creek.  Road exhibited nearly continuous 
fillslope instabilities and one very large past 
debris slide taking out 250’ road prism width. 

0 3 0 

Total   20 31 8 

Table X-D-2. 2002-2003 Decommissioned sites for Redwood Creek – 1300 roads. 

 
The 1310 Road is located along the left hillslope of Redwood Creek (Figure X-D-2).  This 
abandoned road parallels above the 1300 Road and is located along a gentler hillslope setting.  
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The initial inventory identified one washed-out stream crossing, one potential road fill failure and 
one road reach / DRC delivery location. This road segment was less critical and exhibited lower 
potential for future sediment delivery. The sites on this road were straight forward, were treated 
as originally prescribed and equipment hours were relatively close to the original estimates.   
 
A total of 4,488 feet of road length with 3 sites were treated on the 1310 Road.  This took the 
equipment crew 3 working days and approximately 24 hours for the excavator, 24 hours for the 
dozer and 38 hours for dump trucks.  
 
The 1311 Road contours along the left bank / inner gorge hillslope of Panther Creek (Figure X-
D-2).  This abandoned road varies from approximately 500 to 700 feet above mainstem Panther 
Creek and crosses three Class 2 and Class 3 streams that drain directly to Panther Creek. The 
initial inventory identified three stream crossings and two potential road fill landslide sites.  Four 
out of five sites on this road were straight forward, were treated as originally prescribed and 
equipment hours were relatively close to the original estimates.   
 
Site # 3 on the 1311 Road turned out to be the noted exceptional site in the project area.  This site 
was a large Class 2 Humboldt stream crossing with active collapsing fill and decomposing logs 
backed up by large sediment deposits and flanked on the left and right approaches by future road 
fill failures (sites 4 & 5).  This site was a chronic sediment producer and had a very large future 
potential yield.  The initial inventory estimated this site to have a future delivery of 1,868 yds3 
and an excavation volume of 3,481 yds3.  Upon further field review and volumetric analysis it 
was determined that the actual volumes were much larger.  The estimated excavation volume for 
this site was 9,413 yds3 and the revised potential future delivery prior to excavation was 4,750 
yds3.  These volumes are reflected in Table X-D-3.     
    
A total of 2,270 feet of road length with 5 sites were treated on the 1311 Road.  This took the 
equipment crew 23 working days and approximately 192 hours for the excavator, 109 hours for 
the dozer and 115 hours for the 22 yd3 dump truck.  All decommissioned stream crossings were 
seeded and straw mulched to help inhibit surface erosion. 
 
The 1312 Upper & Lower Roads are located along the left bank / inner gorge hillslope of 
Panther and Redwood Creeks (Figure X-D-2).  The initial inventory identified one stream 
crossing and five potential road fill landslide sites.  The 1312 Lower Road exhibited nearly 
continuous fillslope instabilities as well as one large past debris slide that removed the entire road 
prism for 250 feet.  The 1312 Upper Road had one medium sized stream crossing, one minor 
potential road fill failure and one very large potential road fill failure.  The sites on these roads 
were straight forward, were treated as originally prescribed and equipment hours were relatively 
close to the original estimates.   
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Treatment 
Category 

Sites to 
Treat1  

(#) 

Cross Road 
Drains (#) 

Total 
Volume 

Excavated2 
(yds3) 

Volume 
Sediment 

Saved3 

(yds3) 

Cost 
Effectiveness4 

($/yds3 saved) 

Total 
Project
Costs5 

($) 

Proposed 59 26 44,287 26,425 11.91 314,809 

As Built 56 67 49,488 28,954 11.90 344,520 
1 Three sites were eliminated from the project.  Reasons specified in the report.   
2 Total volume excavated increased from the proposed estimate.  Site # 3, 1311 Road, stream crossing excavation volume was significantly 
larger than the original estimate.  Excavation volumes from sites 24, 24.1 and 24.2 on the 1305 Road were removed from the “As Built” 
figure.  
3 Total volume of sediment saved increased from the proposed estimate due to a post inventory volume revision of site # 3, 1311 Road.  
Future erosion volumes from sites 24, 24.1 and 24.2 on the 1305 Road were removed from the “As Built” figure.  
 4 Cost effectiveness increased slightly from the proposed estimate due to the volume of sediment saved and total project costs changing.   
5 Total project costs includes all equipment and labor time, materials, subcontractor costs, project management and overhead (all costs 
included). Simpson Resource Company provided a $129,836 cost share.  National Park Service provided a $20,000 cost share.  CDF&G grant 
monies provided $184,809 + $9,875. 

Table X-D-3. Deviations from the original proposed treatment plan, Redwood Creek Road 
Decommissioning Project – 1300 roads. 

 
A total of 4,752 feet of road length with 6 sites were treated on the 1312 Upper & Lower Roads.  
This took the equipment crew 25 working days and approximately 154 hours for the excavator, 
155 hours for the dozer and 166 hours for dump trucks.  The decommissioned stream crossing 
was seeded and straw mulched to help inhibit surface erosion. 
 
COSTS 
Total costs were broken down for the entire project area, based on cost categories listed (Table X-
D-4). Rates for equipment were as follows: excavator $125/hr and $110/hr, dozer $95/hr and 
$90/hr, 10 yd3 dump trucks $65/hr and $60/hr, 22 yd3 dump truck $130/hr and labor $21/hr.  
Costs in Table X-D-4 include all road opening and equipment mobilization time.  It also reflect 
costs for straw, seed, administrative overhead and technical oversight, which includes general 
layout, heavy equipment oversight and monitoring, plot documentation, resurveying and 
reporting.  Total inclusive costs for decommissioning these seven roads in the Redwood Creek 
watershed was approximately $344,520.   
 
DEVIATIONS FROM THE ORIGINAL WORK PLAN 
Table X-D-3 shows specific deviations from the original proposed treatment plan.  These 
deviations were caused by a variety of factors but generally because it was determined that the 
project would benefit if these changes were made (i.e.; reduced future erosion at stream crossing 
sites where excavation volumes enlarged and decreased surface runoff on road reaches due to 
construction of additional cross road drains).  It should be expected that as work is being 
implemented some variation from the original work plan is necessary to accommodate unforeseen 
complications.  The variations that were made to the original work plan were motivated by 
improving the overall effectiveness of the project and to reduce the likelihood of future erosion 
and sediment delivery. 
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Cost Category Total Hours Cost Rate1 

(average $/hr) 
Total Costs 

($) 

Personnel Costs    
Project Manager 250 30 7,500.00 

Heavy Equipment Costs    
Excavator 1,134.25 119 134,581.25 
Dozer 1,078.75 93 100,068.75 
10 yd3 Dump Truck 916 61 55,688.00 
22 yd3 Dump Truck 115.5 130 15,047.50 
Water Truck 28.5 55 1,567.50 
Low-Boy Transport 17 82 1,401.50 
Truck and Trailer 8 30 240.00 

Subcontractor Costs    

Sub Labor 182 21 3,831.00 
Sub Technical Oversight, Layout 
and Reporting 355 50 17,750.00 

Mulch, Seed and Erosion Control Materials 3,356.79 
Administrative Overhead @ 1.023% 3,487.71 

Total Project Costs 344,520 
Estimated Sediment Savings:  28,954 yds3 

Overall Project Cost-Effectiveness:  $ 11.90 / yd3 saved 
1 Cost rates listed are averages.  Within several equipment categories different rates were billed for different pieces of equipment.    

Table X-D-4. Total costs for road-related erosion control and erosion prevention work on 
all sites in the Redwood Creek Road Decommissioning Project – 1300 roads. 

 
MONITORING 
Before the project commenced, photo point stations were established for many of the project 
work sites.  These photo points were used to document the work sites before, during and 
following the excavation.  Examples of before and after photo point shots have been included in 
the report to depict excavated stream crossings, landslides and outsloped roads in the Redwood 
Creek Road Decommissioning Project. 
 
Each decommissioned stream crossing was surveyed prior to treatment and re-evaluated after 
equipment had completed excavation work.  A select number of representative decommissioned 
stream crossings were re-surveyed following equipment operations.   depicts surveyed profiles 
and cross sections of three stream crossings.  Also, a typical pre- and post-excavation road profile 
of a landslide excavation was surveyed at site # 7 on the 1300 Road.  The plotted surveys show 
the original ground profile, the design profile and the as built profile that was surveyed following 
heavy equipment excavation work at the three sites.  Each of the stream crossings have been 
excavated to a stable longitudinal and cross sectional profile.  
 
CONCLUSION 
The expected benefit of completing the erosion control and prevention work lies in the reduction 
of long term sediment delivery to Redwood Creek and Panther Creek, important salmonid 
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streams.  The purpose of this project was to permanently reduce the amount of sediment that 
could have eroded and been delivered to Redwood Creek and its tributaries.  It is estimated that 
over 49,000 cubic yards of material was excavated in this project.  This volume includes the 
volume that was endhauled to spoil disposal sites as well as excavated material that was stored 
locally on-site.  In the initial inventory, it was estimated that approximately 26,425 yds3 of 
sediment had a high potential to deliver to Redwood Creek and Panther Creek.  
 
With the extensive restoration of these 56 specific sites a significant amount of sediment that once 
threatened these salmon bearing streams no longer poses a threat.  Although it is difficult to 
assess the immediate benefits of the decommissioning project to fish habitat, the lasting benefit of 
removing over 49,000 cubic yards of material, and preventing the delivery of over 28,954 yds3 to 
the Redwood Creek system should help promote habitat recovery over the next several decades. 
 
PROJECT LOCATION DIRECTIONS AND LANDOWNER ADDRESS 
The project area can be reached by the following directions.  From Arcata, California travel east 
on highway 299 for 5 miles and take the “Blue Lake” exit.  Continue east for 3 miles to “Korbel” 
lumber mill.  Take a left at the first guard station and continue through the lumber mill to the K & 
K Road.  On the K & K Road travel northwesterly for 14 miles to the mouth of Panther Creek. 
Park here and cross the foot bridge over Panther Creek.  At this location is the intersection of the 
1312 Lower Road and 1300 Road in the project area.   
 
Landowner address: 
Simpson Resource Company 
PO Box 68 
Korbel, CA 95550  
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Erosion Prevention Implementation Results, 2002-2003 Road Decommissioning Project,  

Redwood Creek Watershed 

 
1 Hours included only for site specific treatment and not for road reaches between sites, road opening or clearing and 
grubbing. 
2 Predicted equipment hours listed do not include “logistics” hours. 
3 Fields left blank indicate no operator record was kept for the number of dump truck loads removed.  On the 1311 
Road a 20 yd3 off-highway dump truck was used instead of   standard 10 yd3 dump trucks. 

Table X-D-5. Decommissioning data for the 1300 Road Redwood Creek Watershed, 
Humboldt County, California. 

 

Site # Site type1 
Predicted 
Excavator 

Hrs2 

Actual 
Excavator 

Hrs 

Predicted 
Dozer 
Hrs2 

Actual 
Dozer 
Hrs 

Predicted 
Dump 
truck 
Hrs2 

Actual 
Dump 
Truck 
Hrs 

Predicted 
Excavated 
Volume 
(yds3) 

Dump 
truck loads 
removed3 

1 Landslide 5 6.5 5 6.5 0 0 324 0 

Subtotal –  
1301 Rd. 5 6.5 5 6.5 0 0 324 0 

Table X-D-6. Decommissioning data for the 1301 Road Redwood Creek Watershed,  
Humboldt County, California. 

Site 
# Site type1 

Predicted 
Excavator 

Hrs2 

Actual 
Excavator 

Hrs 

Predicted 
Dozer 
Hrs2 

Actual 
Dozer 
Hrs 

Predicted 
Dump 
truck 
Hrs2 

Actual 
Dump 
Truck 

Hrs 

Predicted 
Excavated 

Volume 
(yds3) 

Dump 
truck 
loads 

removed3 
1 DRC 4 4 4 4 0 0 431 0 
2 DRC 4 7 4 7.5 0 0 100 0 
3 DRC 6 13 6 12.5 0 0 150 0 
4 Landslide 3 8 3 8 6 0 256 0 
5 Crossing 8 51 8 55 8 2 390  
6 Landslide 23 29.5 23 29.5 46 59 2599 182 
7 Landslide 4 29.5 4 29.5 8 49 311 152 
8 Crossing 6 14 6 14 12 28 279 84 
9 Landslide 8 14 8 14 8 17 833 54 

10 Crossing 75 44.5 75 44.5 75 85.5 2538 262 
11 Landslide 12 10 12 10 12 20 1426 30 
12 Crossing 14 17 14 17 28 32 698  
13 Landslide 3 6 3 6 0 12 291  
14 Landslide 16 20.5 16 20.5 32 41 1574  
15 Landslide 10 10.5 10 10.5 20 0 925 0 
16 Crossing 61 20 61 26 122 4 2438  

Subtotal – 
1300 Rd 257 298.5 257 308.5 377 349.5 15239 764 
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Site 
# Site type1 

Predicted 
Excavator 

Hrs2 

Actual 
Excavator 

Hrs 

Predicted 
Dozer 
Hrs2 

Actual 
Dozer 
Hrs 

Predicted 
Dump 
truck 
Hrs2 

Actual 
Dump 
Truck 
Hrs 

Predicted 
Excavated 
Volume 
(yds3) 

Dump 
truck loads 
removed3 

1 Landslide 11 4 11 4 0 0 1460 0 
2 Crossing 5 20.5 5 34.5 0 0 366 0 
3 Crossing 4 2.5 4 1 0 0 207 0 
4 Landslide 8 8.5 8 8.5 16 0 900 0 
5 Crossing 2 3.5 2 3.5 0 0 54 0 
6 Landslide 3 4 3 4 0 0 277 0 
7 Landslide 4 3 4 3 0 0 388 0 
8 Landslide 6 11.5 6 11.5 12 0 574 0 
9 Crossing 7 11 7 11 14 11 359 25 

10 Road Reach 5 5 5 5 10 5 527 20 
11 Crossing 6 18 6 18 0 16 379 65 
12 Landslide 2 5 2 5 0 8 111 28 
13 Landslide 6 4 6 4 0 8 711 32 

13.1 Landslide 2 4 2 4 0 8 138 16 
14 Landslide 4 6 4 6 0 9 438 40 

14.5 Landslide 4 4 4 4 8 8 402 16 
15 Crossing 4 10 4 10 8 20 157 40 
16 Landslide 3 7 3 7 6 14 277 30 
17 Landslide 4 4 4 4 8 8 324 19 
18 Landslide 8 3 8 3 16 6 850 21 
19 Crossing 2 7 2 7 4 14 74 43 
20 Landslide 9 6 9 6 0 12 1283 30 
21 DRC 4 2.5 4 2.5 0 0 381 0 
22 Landslide 3 4.5 3 4.5 0 9 267 20 
23 Road Reach 2 3.5 2 3.5 0 7 100 30 
24 Crossing 8 0 8 0 0 0 429 0 

24.1 Landslide 2 0 2 0 0 0 111 0 
24.2 Crossing 3 0 3 0 0 0 191 0 
Subtotal – 1305 Rd. 131 162 131 174.5 102 163 11,735 475 

Table X-D-7. Decommissioning data for the 1305 Road Redwood Creek Watershed, 
Humboldt County, California. 

 

Site 
# Site type1 

Predicted 
Excavator 

Hrs2 

Actual 
Excavator 

Hrs 

Predicted 
Dozer 
Hrs2 

Actual 
Dozer 
Hrs 

Predicted 
Dump 
truck 
Hrs2 

Actual 
Dump 
Truck 
Hrs 

Predicted 
Excavated 
Volume 
(yds3) 

Dump 
truck loads 
removed3 

1 Crossing 13 10 13 10 26 20 648  
2 DRC 8 8 8 8 0 6 200  
3 Landslide 5 6 5 6 10 12 407  

Subtotal – 
 1310 Rd 

26 24 26 24 36 38 1255  

Table X-D-8. Decommissioning data for the 1310 Road Redwood Creek Watershed, 
Humboldt County, California. 
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Site 
# Site type1 

Predicted 
Excavator 

Hrs2 

Actual 
Excavator 

Hrs 

Predicted 
Dozer 
Hrs2 

Actual 
Dozer 
Hrs 

Predicted 
Dump 
truck 
Hrs2 

Actual 
Dump 
Truck 
Hrs 

Predicted 
Excavated 
Volume 
(yds3) 

Dump 
truck loads 
removed3 

1 Crossing 10 24.5 10 0 0 3 962 18 
2 Crossing 4 5.5 4 0 0 0 248 0 
3 Crossing 78 148 78 103.25 0 102.25 4981 529 
4 Landslide 4 8 4 0 8 4 941 20 
5 Landslide 3 6 3 6 0 6 419 37 

Subtotal –  
1311 Rd 99 192 99 109.25 8 115.25 7551 604 

Table X-D-9. Decommissioning data for the 1311 Road Redwood Creek Watershed, 
Humboldt County, California. 

 

Site 
# Site type1 

Predicted 
Excavator 

Hrs2 

Actual 
Excavator 

Hrs 

Predicted 
Dozer 
Hrs2 

Actual 
Dozer 
Hrs 

Predicted 
Dump 
truck 
Hrs2 

Actual 
Dump 
Truck 
Hrs 

Predicted 
Excavated 
Volume 
(yds3) 

Dump 
truck loads 
removed3 

1 Landslide 51 113.5 51 113.5 102 163.75 3824 410 
2 Crossing 6 5.5 6 5 6 0 271 0 
3 Landslide 3 3 3 3 3 0 292 0 

Subtotal –  
1312U Rd 60 122 60 121.5 111 163.75 4387 410 

Table X-D-10. Decommissioning data for the 1312 Upper Road Redwood Creek 
Watershed, Humboldt County, California. 

 

Site 
# Site type1 

Predicted 
Excavator 

Hrs2 

Actual 
Excavator 

Hrs 

Predicted 
Dozer 
Hrs2 

Actual 
Dozer 
Hrs 

Predicted 
Dump 
truck 
Hrs2 

Actual 
Dump 
Truck 
Hrs 

Predicted 
Excavated 
Volume 
(yds3) 

Dump 
truck loads 
removed3 

1 Landslide 5 2.5 5 2.5 15 0 620 0 
2 Landslide 9 14.5 9 16 9 2 1083 8 
5 Landslide 14 14.5 14 14.5 28 0 2093 0 

Subtotal –  
1312L Rd 28 31.5 28 33 52 2 3796 8 

Table X-D-11. Decommissioning data for the 1312 Lower Road Redwood Creek 
Watershed, Humboldt County, California. 

 

Heavy 
Equipment Work 

Predicted 
Excavator 

Hrs2 

Actual 
Excavator 

Hrs 

Predicted 
Dozer 
Hrs2 

Actual 
Dozer 
Hrs 

Predicted 
Dump 
truck 
Hrs2 

Actual 
Dump 
Truck 
Hrs 

Predicted 
Excavated 
Volume 
(yds3) 

Dump 
truck loads 
removed3 

Totals 606 836.5 606 777.25 686 831.5 44,287 2,261 

Table X-D-12. Decommissioning data for the Redwood Creek Watershed, Humboldt 
County, California. 
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Selected Photo-point Photos of the 2002-2003 Redwood Creek Road Decommissioning 
Project 

 
Figure X-D-4. Site #8, 1300 Road, before excavation.   
This picture was taken just above the top of the stream crossing, looking downstream.  This 
Humboldt crossing has been brushed out and is ready to be excavated 

 

 
Figure X-D-5. Site #8, 1300 Road, after excavation.  This picture was taken from the same 
viewpoint as above.  The stream crossing has been excavated, mulched and seeded.  See same 
view below after heavy rainfall (Figure X-D-6). 
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Figure X-D-6. Site # 8, 1300 Road, after excavation.  Same viewpoint as Figure X-D-4 
during heavy rainfall event. 
 
 

 
Figure X-D-7. Site #8, 1300 Road, before excavation.  Picture taken 30 feet up the right 
bank, near the right hinge line of this stream crossing.  The stream crossing has been excavated, 
mulched, and seeded.  Note location of the two trees for reference. 
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Figure X-D-8. Site # 8, 1300 Road, after excavation.  This picture (and Figure X-D-7) was 
taken 30 feet up the right bank, near the right hinge line of this stream crossing.  The stream 
crossing has been excavated, mulched and seeded.  Note location of the two trees for reference. 

 

 
Figure X-D-9. Site # 12, 1300 Road, before excavation.  This picture was taken 20 feet 
above the top of the stream crossing and along the left bank, looking downstream.  The stream 
crossing has been brushed out and is ready to be excavated. 
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Figure X-D-10. Site #12, 1300 Road, after excavation.  This picture was taken from the same 
viewpoint as Figure X-D-9.  The stream crossing has been excavated, mulched and seeded.  Upon 
excavation it was determined that the original watercourse meandered to the right prior to 
entering the Bot.  Armor was placed along the left bank to prevent stream bank erosion (see 
arrow).   

 

 
Figure X-D-11. Site #10, 1305 Road, during excavation.  A potential road fill landslide was 
excavated at this site.  Unstable outboard road fill was excavated and endhauled to a stable 
storage location, creating an outsloped road surface (see Figure X-D-12). 
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Figure X-D-12. Site #10, 1305 Road, after excavation.  This picture was taken from the same 
viewpoint as Figure X-D-11.  The unstable road fill has been completely excavated, mulched and 
seeded, leaving an outsloped road surface.  Because this road exhibited nearly continuous road fill 
instabilities, a similar nature of treatments were applied to the remaining road, along with stream 
crossing excavations.     

 

 
Figure X-D-13. Site # 11, 1305 Road, before excavation.  This picture was taken 30 feet 
above the top of the stream crossing and along the left bank, looking downstream.  The stream 
crossing has been brushed out and is ready to be excavated.  A large “Humboldt” log is visible 
just left of the mossy alder tree in the right-center portion of the picture (see arrow).  
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Figure X-D-14. Site #11, 1305 Road, after excavation.  This picture was taken from the same 
viewpoint asX-D-13.  The stream crossing has been excavated, mulched and seeded.  See same 
view below after heavy rainfall (Figure X-D-15).   
 
 

 
Figure X-D-15. Site # 11, 1305 Road, after excavation.  This picture was taken from the same 
viewpoint as above (Figure X-D-13 and Figure X-D-14) during a heavy rainfall event.  Note the 
stream channel bed has developed a self armoring “lag” deposit during the first season’s rainfall.  
Redwood Creek is in the background.   
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Figure X-D-16. Site # 13, 1305 Road, before excavation.  A potential road fill landslide was 
excavated at this site.  Unstable outboard fill was excavated and endhauled to a stable storage 
location, creating an outsloped road surface (see Figure X-D-17).  

 

 
Figure X-D-17. Site #13, 1305 Road, after excavation.  This picture was taken from the same 
viewpoint as Figure X-D-16.  The unstable road fill has been completely excavated, mulched and 
seeded, leaving an outsloped road surface.  In the background is one of the main spoil sites for 
this road.  The sloped surface can be seen extending up above the old road bench (see arrows).   
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Figure X-D-18. Site #3, 1311 Road, before excavation.  This is a 3 shot panoramic 
compilation photo taken from the cutbank on the right approach to this Humboldt stream 
crossing.  The site has been brushed out and a temporary flex pipe has been installed along the 
right hinge line to divert active flow around the work area.     

 

 
Figure X-D-19. Site # 3, 1311 Road, after excavation.  This is a 2 shot panoramic 
compilation photo taken from near the same location as the previous picture.  The site has been 
completely excavated, large woody debris removed from the fill during the excavation has been 
redistributed along the stream crossing slopes and seed & mulch has been applied to the bare 
slope areas. 
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Figure X-D-20. Site # 3, 1311 Road, during excavation.  This picture was taken near the Bot 
of the stream crossing.  The picture view is looking upstream with the outboard edge of the road 
in the upper center portion of the photo.  Some fill has been excavated from the outboard edge of 
the road downslope towards the Bot and a swath of brush as been cleared to the Bot, in 
preparation for continued excavation. 

 

 
Figure X-D-21. Site # 3, 1311 Road, after excavation.  This picture was taken near the same 
location as the previous photo.  The stream crossing has been excavated and an abundance of 
woody debris has been redistributed along the banks and the channel. 
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Figure X-D-22. Site #3, 1311 Road, after excavation.  This picture was taken from near the 
Top looking downstream.   
 

 
Figure X-D-23. Site #3, 1311 Road, after excavation.  This picture was taken from near the 
right bank looking upstream.   
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Figure X-D-24. Site # 2, 1312 Lower Road, before excavation.  A potential road fill landslide 
was excavated at this site.  Unstable outboard road fill was excavated and stockpiled locally along 
the cutbank behind the site, creating an outsloped road surface (see below).  

 

 
Figure X-D-25. Site # 2, 1312 Lower Road, after excavation.  This picture was taken from 
the same viewpoint as above.  The unstable road fill has been completely excavated, mulched and 
seeded, leaving an outsloped road surface.  Note trees and brush removed during excavation have 
been used a ground surface mulch.  Panther Creek (not visible in photo) is located to the right. 
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Figure X-D-26. Site # 5, 1312 Lower Road, before excavation.  A potential road fill landslide 
was excavated at this site.  Unstable outboard road fill was excavated and stockpiled locally along 
the cutbank behind the site, creating an outsloped road surface (see below).  

 

 
Figure X-D-27. Site # 2, 1312 Lower Road, after excavation.  This picture was taken from 
the same viewpoint as above.  The unstable road fill has been completely excavated.  Straw 
mulch and seed had not yet been spread in this picture (note straw bales near former cutbank).   
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Selected Pre- & Post-excavation Profiles and Cross Sections of the 2002-2003 Redwood 
Creek Road Decommissioning Project 

 

 
 

Figure X-D-28. Redwood Creek 1300 Road Site #12 – Stream Crossing Pre & Post 
Excavation Profiles. 
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Figure X-D-29. Redwood Creek 1300 Road Site #12 – Stream Crossing Pre & Post 

Excavation Cross Sections. 
 

 
Figure X-D-30. Redwood Creek 1300 Road Site #12 – Stream Crossing Pre & Post 

Excavation Cross Sections. 
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Figure X-D-31. Redwood Creek 1305 Road Site #11 – Stream Crossing Pre & Post 

Excavation Profiles. 
 

 
Figure X-D-32. Redwood Creek 1305 Road Site #11 – Stream Crossing Pre & Post 

Excavation Cross Sections. 
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Figure X-D-33. Redwood Creek 1311 Road Site #3 – Stream Crossing Pre & Post 

Excavation Profiles. 
 

 
Figure X-D-34. Redwood Creek 1311 Road Site #3 – Stream Crossing Pre & Post 

Excavation Cross Sections. 
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Figure X-D-35. Redwood Creek 1311 Road Site #3 – Stream Crossing Pre & Post 

Excavation Cross Sections. 
 

 
Figure X-D-36. Redwood Creek 1311 Road Site #3 – Stream Crossing Pre & Post 

Excavation Cross Sections. 
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Figure X-D-37. Redwood Creek 1300 Road Site #7 – Road Fill Failure Site Pre- & Post-

Excavation Profiles. 
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Coordinates for Site Locations 2002-2003 Redwood Creek Road Decommissioning Project 
 

Road Name Site # X coordinate Y coordinate 
1300 1 423,695.41 4548,833.07 
1300 2 423,674.04 4548,834.17 
1300 3 423,591.82 4548,870.07 
1300 4 423,519.74 4548,914.47 
1300 5 423,447.11 4548,942.15 
1300 6 423,375.04 4549,023.55 
1300 7 423,325.16 4549,100.56 
1300 8 423,239.10 4549,141.12 
1300 9 423,139.62 4549,466.70 
1300 10 423,076.31 4549,498.49 
1300 11 422,945.03 4549,706.51 
1300 12 422,818.42 4549,715.55 
1300 13 422,845.82 4549,792.01 
1300 14 422,777.86 4549,909.31 
1300 15 422,741.68 4549,936.72 
1300 16 422,678.37 4549,918.90 
1301 1 423,444.92 4548,999.98 
1305 1 423,674.04 4548,864.59 
1305 2 423,585.24 4548,922.14 
1305 3 423,548.79 4548,953.39 
1305 4 423,507.41 4548,984.36 
1305 5 423,486.30 4549,015.60 
1305 6 423,465.75 4549,057.26 
1305 7 423,450.13 4549,093.43 
1305 8 423,398.06 4549,155.92 
1305 9 423,345.71 4549,207.99 
1305 10 423,325.43 4549,234.57 
1305 11 423,304.33 4549,266.27 
1305 12 423,283.77 4549,296.24 
1305 13 423,268.15 4549,358.72 
1305 13.1 423,268.43 4549,400.38 
1305 14 423,257.74 4549,452.45 
1305 14.5 423,247.05 4549,483.70 
1305 15 423,231.43 4549,504.80 
1305 16 423,211.15 4549,540.70 
1305 17 423,195.53 4549,561.80 
1305 18 423,185.11 4549,597.70 
1305 19 423,156.34 4549,654.44 
1305 20 423,116.87 4549,697.19 
1305 21 423,085.63 4549,737.75 
1305 22 423,049.18 4549,769.27 
1305 23 422,977.37 4549,805.44 
1305 24 422,919.27 4549,871.22 
1305 24.1 422,863.91 4549,932.06 
1305 24.2 422,827.19 4549,963.85 
1310 1 422,966.96 4549,113.44 
1310 2 423,279.66 4548,838.28 
1310 3 423,076.58 4549,041.09 
1311 1 423,090.83 4547,726.14 
1311 2 423,147.84 4547,892.50 
1311 3 423,314.74 4548,178.62 
1311 4 423,341.05 4548,142.17 
1311 5 423,356.40 4548,204.10 

1312 Upper 1 423,533.72 4548,432.95 
1312 Upper 2 423,408.47 4548,911.73 
1312 Upper 3 423,393.12 4548,974.76 
1312 Lower 1 423,746.94 4548,645.89 
1312 Lower 2 423,710.49 4548,609.99 
1312 Lower 5 423,767.49 4548,672.47 

Table X-D-13. Universal Transverse Mercator (UTM) coordinates for site locations 
Redwood Creek Road Decommissioning Project – 1300 Roads Humboldt 
County, California. 

 



 

 

 
UPSLOPE INVENTORY DATA FORM 

ASAP (Y, N)______     
Site no: Treat (Y/N): Watershed: Quad: 
GPS: CALWAA: Photo: 
T/R/S: Road name/#: Drivable (Y/N): 
Mileage: Inspector(s): Date: Year built: 
Surface: □ rock   □ native   □ paved Status:  □ maintained   □ abandoned   □ decommissioned 

GENERAL 

Proposed:  □ upgrade   □ decommission Sketch (Y/N): 
Stream crossing (Y/N): Landslide:  □ fill    □ hill    □ cut  Roadbed:  □ bed,   □ ditch,   □ cut  
□ ditch relief culvert □ gully □ bank erosion Road related (Y/N): PROBLEM 
Other non-road related site:  □ home   □ agricultural   □construction   □ mining   □ other site 
□ road or landing fill □ hillslope debris slide (>50% original ground) □ cutbank slide 
□ deep-seated landslide □ potential failure □ past failure Slope (%): LANDSLIDE 
Distance to stream (ft):     
□ culvert □ bridge □ Humboldt □ fill □ ford □ armored fill 
□ excavated crossing  % excavated:   
Ditch road length (ft):  Left: Right: Culvert diameter (in):  
Pipe condition (O, C, R, P):  Inlet: Bottom: Outlet: □ separated  
Headwall (in): Culvert slope (%): Stream class (1,2,3): 
Culvert rust-line (in):  Inlet: Outlet: Culvert undersized (Y, M, N): 
Washed out (%): Diversion potential (Y/N): □ currently diverted 
Road grade (%): Plug potential (H, M, L): Plugged (%): 
Channel gradient (%): Channel width (ft): Channel depth (ft): 

STREAM 

Sediment transport (H, M, L): Drainage area (acres):   
Culvert outlet drop (in): Bankfull drop (in):   FISH 

PASSAGE Pool size bankfull width (ft): Pool size bankfull depth (ft): 
Erosion potential (H, M, L): □ potential for extreme erosion   
Volume extreme erosion (<500, 500-1,000, 1-2K, 2-5K, >5K): Past erosion (yd3) (optional): EROSION 
Past delivery (%) (optional): Total past delivery (yd3):   
Future erosion (ft): Width: Depth: Length: Future erosion(yd3): FUTURE 

EROSION Future delivery (%): Total future delivery (yd3):   
COMMENT(S) ON PROBLEM: 
 
 
 

Immediacy (H, M, L): Complexity (H, M, L):  TREATMENT check culvert size (Y/N): □ bridge □ no treatment Mulch (ft2): 
□ excavate soil □ critical dip □ ford □ armored fill Sill height (ft): 
Sill width (ft): □ trash rack □ Add downspout:  Length (ft): Diameter (in): 
□ repair culvert □ clean culvert □ install/replace culvert  
Culvert: Diameter (in): Length (ft): □ flared inlet: Diameter(in): 
□ reconstr. fill □ armor fill face (U, D, B): Armor area (ft2):  U:          D: 
□ clean or cut ditch, (ft):   □ remove ditch, (ft):  
□ outslope road, (ft): □ outslope & remove ditch, (ft): 
□ outslope & retain ditch, (ft): □ inslope road, (ft): 
□ rolling dip, (#): □ remove berm, (ft):  
□ ditch relief culvert, (#): Length (ft): □ rock road surface, (ft2): 

TREATMENT OPTIONS 

□ cross road drain, (#): □ other:   
Total vol. excavated (yds3): Volume put back in (yds3):  
Volume removed (yds3): Volume stockpiled (yds3):  
Volume endhauled (yds3): Distance endhauled (yds3):  

HEAVY EQUIPMENT 
EXCAVATION DATA 

Excavation production rate: (yds3/hr):   
Excavator: Dozer: Backhoe: Grader: Loader: EQUIPMENT HOURS Dump truck: Labor: Other:  

COMMENT(S) ON TREATMENT: 
 
 



 

 

 



 

 

STREAM BANK INVENTORY DATA FORM 
Site no: Distance (ft): Date: Inspector(s): 

Watershed: Stream: GENERAL 

Air photo: Location (LB, RB, B): □ road related Treat (Y/N): 

□ debris slide □ debris torrent □ slow, deep-seated landslide 
Type: 

□ torrent channel □ bank erosion □ LDA □ other 

Delivery:  □ past □ future □ both Activity (A, IA, W): 

Age (decade):  Stream bank slope (%):   

PROBLEM 

□ land use □ undercut by stream    
PAST 

EROSION Width (ft): Depth (ft): Length (ft): Volume (yd3): 

Future erosion potential (H, M, L): Width (ft): Depth (ft): FUTURE 
EROSION 

Length (ft): Volume (yd3): 

COMMENT(S) ON PROBLEM: 

 

 

 

 

Immediacy (H, M, L): Complexity (H, M, L): Equipment or labor (E, L, B): TREATMENT 
Equipment access (E, M, D): □ local materials □ import materials 

□ excavate soil Width (ft): Depth (ft): Length (ft): Volume (yds3): 

□ rock armor/buttress  rock armor size (ft or ton): rock armor area (ft2): 

Log size: Length (ft): Diameter (ft): □ log protection 
Bank length protected (ft): Bank area to cover (ft2): 

□ remove logs/debris  □ boulder deflectors 

Deflectors (#): Deflector (yd3): □ bio-engineering 

□ plant erosion control □ riparian restoration Area planted (ft2): 

TREATMENT 
OPTIONS 

□ exclusionary fencing Length of fence (ft): □ other  
EQUIPMENT 

HOURS Excavator: Dozer: Dump truck: Backhoe: Labor: Other: 

COMMENT(S) ON TREATMENT: 
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CHAPTER I: INTRODUCTION 

A. Purpose 
If you work in a wildland area, own forest or ranch land, or are concerned about our natural 
resources, this book is for you. It contains guidelines for developing and maintaining a single 
forest or ranch road or an entire wildland road-access system. It describes how to plan and design 
a stable road or road network in mountainous lands or gentle valley bottoms, and avoid many of 
the common pitfalls and environmental/pollution problems for which rural and forest roads are 
noted. Nearly everything discussed in this manual is aimed at producing efficient, low-cost, low-
impact roads that have a minimal effect on the streams of a watershed. 

Reading and understanding this manual is not enough. It takes the common-sense, intelligent, 
practical application of the general principles described here on each "on-the-ground" situation 
you encounter. Correctly applying these "roading" concepts requires practice and personal 
judgement. The concepts presented in this handbook are not rules or laws; rather, they are tools 
which should serve as one of your many sources of information and guidance. The success you 
achieve will be reflected not only in the stability of your roads, but also in the quality of the water 
and the health of the streams and watersheds through which they pass. 

California's forest and ranch lands provide beauty, clean water, abundant wildlife, fish habitat, 
recreation, timber and thousands of jobs. This book is dedicated to the wise stewardship of these 
resources. It describes how we can and should protect our streams, water resources and productive 
soils, while at the same time provide recreational opportunities and natural resource jobs for our 
local communities. 

B. Contents and organization 
This is a practical guide and field manual, and therefore does not cover all topics in the same 
depth or detail as a textbook. It is designed to be descriptive and informative, yet cover the 
fundamentals of road planning, design, construction, reconstruction, maintenance and closure. 
The handbook is organized under these basic topics, and they appear in the general order that they 
are encountered in the road-building process. 
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The text of this manual contains both simple informational and instructional material, as well as 
more detailed discussions of specific practices. For the lay reader, some of the discussions may be 
too technical, or contain unfamiliar terms and concepts. It is assumed that readers have a basic 
understanding of road terms (such as fillslope, cutbank, roadbed, stream crossing, etc) and 
reading practices (such as sidecasting, compacting and endhauling, to name a few). Many of the 
more technical or uncommon terms have been defined in the text where they first appear, and in 
the glossary of defined terms included at the end of this book. If you find the descriptions in the 
text too complex for your needs, a shorter companion volume to this text is available which 
illuminates the basics of road planning, location, construction and maintenance with a minimum 
of technical "jargon." 

The following summary outlines the chapter contents of this handbook. Within each chapter, 
some of the more important principles of modem forest and ranch land reading practices have 
been highlighted in bold print to draw them to your attention. 

Chapter 1 discusses how this handbook is organized and serves as an introduction to the 
concepts of what makes a good road, how a watershed works, and what naturally affects the 
quality of its water and stream resources. Chapter 2 describes the need for, and process of, 
planning for roads. It describes road standards and route planning, using maps and photographs. 

Included in Chapter 3 are discussions of what obstacles to look for during on-the-ground 
scouting for a road alignment, laying out curves and switchbacks, and a description of the tools 
that are useful in locating a road in the field. Road design is covered in Chapter 4, including road 
prism and landing design, surface drainage design, and special designs for wet or unstable soils. 

Chapter 5 is dedicated to the important topic of road drainage. It includes detailed information 
on proper surface drainage techniques and structures, ditches, spacing and design of rolling dips, 
waterbars and culverts, stream crossings, bridges, culvert sizing and placement, and temporary 
stream crossings. 

Chapter 6 covers the construction process, including grubbing and clearing, grading, stream 
crossing and bridge installation, surfacing, erosion control and spoil disposal. The special but 
increasingly common activity of road reconstruction is discussed in Chapter 7, where the topics 
covered include road relocation, road redesign, drainage structure upgrading and replacement, 
and erosion control. 

Chapter 8, road maintenance, reviews the topics of road surface maintenance, stream crossing 
maintenance, maintenance of fills and cuts and winterizing roads. Techniques for indentifying 
problem culverts and establishing prioritized storm maintenance schedules are also outlined. 

Road abandonment and road closure techniques have only recently begun to receive special 
attention because of their potential long-term effects on water quality. Chapter 9 describes 
techniques by which roads that are to be temporarily closed or permanently abandoned can be 
"erosion-proofed" to prevent subsequent soil loss and to put land back into timber production and 
other uses. 

Finally, the appendices to this handbook contain information on specific topics, such as culvert 
sizing and curve layout, as well as other sources of information you may find helpful. 
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C. Watersheds 
Wildlands act as the collectors of pure water. Watershed areas collect precipitation and funnel it to 
downslope and downstream areas through a network of swales and channels carved into the 
landscape (Figure 1). Some water flows as surface runoff and some enters the soil and 
groundwater system. Logging, road construction and other activities can disturb the soil and 
drainage patterns, thereby causing erosion and the release of sediment into stream systems and 
downstream areas. 

 

Streams are classified as ephemeral (flowing only during periods of extended rainfall), 
intermittent (flowing during and for a period following rainfall), or perennial (flowing most of 
the year, flow during the summer coming from emerging groundwater). Ephemeral streams may 
drain water into either intermittent and perennial watercourses. Streams carry both water and 
sediment to downstream areas, so care must be taken to minimize disturbance to channels and the 
slopes which drain directly into them. It should be noted that only the largest streams of a 
watershed are shown on a topographic map, and that many more watercourses, particularly 
intermittent and ephemeral streams, are likely to be found on the ground. Don't rely solely on map 
information to find and identify streams. 

For forestry operations, the term ''watercourse" is often used instead of stream. California's 
Forest Practice Rules (CFPR) describe watercourses as "any well defined channel with 
distinguishable bed and bank showing evidence of having contained flowing water indicated by 
deposit of rock, sand, gravel or soil... including manmade watercourses." Watercourses are 
categorized into Class I, Class II, Class III or Class IV. In general. Class I watercourses contain 
fish or provide domestic water supplies. Class IIwatercourses have fish present within 1000 feet 
downstream or contain habitat for non-fish aquatic species. Class III watercourses have no 
aquatic life present, but show evidence of being capable of sediment transport to downstream 

Figure 1. Watersheds in 
forested and rangeland, areas 
present a diversity of   
opportunities   and. challenges 
for water, land   and    resource 
management.     Roads provide 
access to areas within a 
watershed and thoughtful     
planning, design., construction 
and. maintenance   of  road 
systems are important to 
protect sensitive streams and 
aquatic life. 

 

locations and Class IV are man-made watercourses. 
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Although not included in the definition of watercourses, roads, road-side ditches, skid trails and 
landing surfaces can act as man-made drainages which carry water and sediment into natural 
streams. Care should be taken to disperse surface runoff so these "man-made" watercourses do 
not impact water quality. 
Wetlands  are also common watershed features. Wetlands may occur wherever groundwater 
emerges onto the surface, such as at a spring, a seep, a marsh or a bog, or where water ponds for 
some time during the year. Some wetlands drain into streams, while others do not. Even when 
dry, many wetlands can be recognized by the presence of certain water-loving plants. Wetlands 
should be avoided during road construction activities, as they result in special problems that often 
require expensive construction techniques and may cause continuing land stability problems. 
Wetlands require special protective measures and are highly sensitive to disturbance. The 
California Department of Fish and Game can provide assistance on wetland delineation and 
protection measures, and can advise you concerning which agency to contact about applicable 
wetland regulations. 
Roads need not threaten the biological productivity and water quality of streams in a watershed if 
they are properly located and constructed. Poor road building and maintenance practices can 
cause excess runoff and erosion, leading to sedimentation in downstream areas. Sedimentation 
can pollute water supplies, increase flooding potential, accelerate stream bank erosion and trigger 
landsliding. Salmonid eggs laid in stream gravels can become buried and suffocate, fish habitat 
can be lost, and other aquatic life may be threatened or killed. Riparian vegetation may be 
impacted, resulting in increased summer water temperatures and loss of food and cover for fish 
and wildlife. 
 
D. Typical erosion and sedimentation problems caused by roads 
Roads are a major source of erosion and sedimentation on most managed forest and ranch lands. 
Compacted road surfaces increase the rate of runoff, and road cuts intercept and bring 
groundwater to the surface. Ditches concentrate storm runoff and can transport sediment to 
nearby stream channels. 

Figure 2. This stream crossing 
"washed out" (eroded) when the 
culvert plugged and streamflow 
scoured through the road road 
fill. Sediment was delivered 
directly to the stream system as 
the fill eroded. Stream crossings 
and culverts need to be properly 
designed and maintained to 
minimize the potential for such 
failures. 
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Culverted stream crossings can plug, causing fill wash outs (Figure 2) or gullies where the 
diverted streamflow runs down nearby roads and hillslopes (Figure 3). 
 

 
 

Roads built on steep or unstable slopes may trigger landsliding which deposits sediment in stream 
channels (Figure 4). Filling and sidecasting increases slope weight, road cuts remove slope 
support, and construction can alter groundwater pressures, all of which may trigger landsliding. 
Unstable road or landing sidecast materials can fail, often many years after they were put on steep 
hillslopes. Lack of inspection and maintenance of drainage structures and unstable road fills along 
old, abandoned roads can also result in soil movement and sediment delivery to stream channels. 
 

Figure3. When a stream 
crossing culvert plugs, or its 
capacity is exceeded, flood/low 
can either build up and/low 
over the road, washing out the 
stream crossing/ill, or it can be 
diverted down the adjacent 
road or roadside ditch, creating 
a gully on the road and 
adjacent hillslope. Diverted 
flow from this plugged culvert 
has created a large gully in the 
down-road ditch. Note scale 
located at plugged culvert inlet. 
Road prism is to the right. 

Figure 4. Sidecast road 
construction on steep or 
unstable stream-side slopes 
and canyons has a high 
potential/or causing landslides 
which deliver sediment to 
downslope stream channels.  
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E. Importance of proper planning and construction 

Road construction does not have to result in excessive erosion and downstream sedimentation. 
Proper planning, design and construction techniques used in road location and building, and 
drainage structure installation, can prevent water quality problems and can significantly extend 
the useful life of the road. Roads can be planned and located to avoid unstable, credible areas, and 
stream crossings can be planned, located and built using techniques which minimize the potential 
for post-construction erosion or slope failure. Good planning, proper location and the use of 
progressive construction practices can largely avoid the impacts normally associated with road 
building. Do it right, and youll end up with a low-maintenance, low-impact road. Do it wrong, 
and you're destined for high maintenance costs and high environmental impacts. The choice is 
clear. 

F. Elements of a stable road 
The features described in this section form the building blocks of stable roads. They include 
elements of the road's physical environment, critical control points (locations of special concern 
or sensitivity along the alignment), restrictions on road location (legal and physical), how to keep 
a stable road once it's built, and where to find additional help and information. 

1. Physical environment 

The physical environment of the road includes such factors as the slope of the land, the types of 
bedrock and soils through which the road passes, as well as surface and subsurface drainage 
across the alignment Together, these physical factors determine the best choice for road location 
in a watershed, as well as the most suitable techniques for constructing a stable, low-maintenance 
road. 

a. Slope of the land: The slope of the land is one of the most important elements that control 
where and how roads are built. Road building becomes more difficult and expensive as land 
slopes become steeper. Roads built on steep slopes are also more likely to have erosion and 
stability problems. 

Slope gradient can be expressed in several different ways. The slope of the land is usually 
expressed in percent, such as "50%". The slope gradient of cut- and fillslopes is often expressed 
as a ratio, such as 2-to-l. A 2-to-l slope means that for every two feet in the horizontal direction 
the land surface rises or falls 1 foot in elevation (two feet out for every one foot up or down). A 
2-to-l slope is also said to have a gradient of 50 percent (50%). A 100% gradient would 
correspond to a 1-to-l slope pitch, and a 25% slope has a 4-to-l slope ratio. Less often, slopes are 
expressed in degrees (e.g. 30°). 

Table 1 shows typical land and bank slopes, expressed as horizontal-to-vertical ratio (e.g., 2-to-l, 
or 2:1), percent (e.g., 50%) and degrees (e.g., 27°), and Figure 5 graphically depicts some of the 
more commonly expressed slopes. Fillslopes and cutbanks are also described using these slope 
measurement units. 
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Table 1. Relationship between ratio, percent and degrees as measures of slope steepness. 
 

Common Ratios 
 

Percent 
 

Degrees 
 

 
 

5.0 
 

2.5 
 

10:1 
 

10.0 
 

5.7 
 

4:1 
 

25.0 
 

14.0 
 

3:1 
 

33.3 
 

18.4 
 

 
 

35.0 
 

19.0 
 

 
 

45.0 
 

24.2 
 

2:1 
 

50.0 
 

26.6 
  

 
65.0 

 
33.0 

 
1½:1 

 
66.7 

 
33.7 

 
 
 

70.0 
 

35.0 
  

 
80.0 

 
38.6 

 
 
 

90.0 
 

42.0 
 

1:1 
 

100.0 
 

45.0 
 

½:1 
 

200.0 
 

63.4 
 

¼:1 
 

400.0 
 

76.0 
 

 

Land slopes can be estimated from the contours on U.S. Geological Survey topographic maps, 
based on the scale of the map, the spacing between the contour lines and the stated "contour 
interval" for the map. Table 2 provides the needed data for determining land slope from a 
standard 1:24,000 scale contour map. Keep in mind, however, that the map shows an average 
slope between contour lines. In the field, land slope often varies considerably over short distances 
and is best measured using an instrument called a clinometer. A pocket-clinometer shows slope 
steepness, expressed in either degrees or percent, by looking either up or down the slope through 
the instrument. 
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Figure 5. Slope diagram graphically shows 
common cut and fill slope angles, and expresses 
steepness in both percent and slope ratio. 

Roads should not be built 
directly up a slope that exceeds 
about 15%, unless it is for a short 
pitch of less than 500 feet with a 
road grade not exceeding 20%. 
This can help prevent serious 
drainage and surface erosion 
problems. Most roads traverse 
across the slope, and it is not 
difficult to" keep road grades to 
less than 3%-5%, even where the 
slope of the land  exceeds  50%.   
Ridges, natural   benches   and   
gentle sideslopes far away from 
stream channels are usually the 
best places to build roads. 
Steeper pitches are sometimes 
required to avoid unstable areas 
or other obstacles. 

 
Table 2. Land slope (%) as derived from a 1:24,000 scale topographic map 
 

Measured distance (mm) between contours on topographic map 
(best if averaged along fall line over several contour lines) 

 

Contour 
interval of 
map (ft) 

 
0.5 
 

0.6 
 

0.7 
 

0.8 
 

0.9 
 

1.0 
 

1.1 
 

1.2 
 

1.3 
 

1.4 
 

1.5 
 

2.0 
 

2.5 
 

3.0 
 

4.0 
 

20 
 

51 
 

42 
 

36 
 

32 
 

28 
 

25 
 

23 
 

21 
 

20 
 

18 
 

17 
 

13 
 

10 
 

8 
 

6 
 

40 
 

102 
 

85 
 

73 
 

64 
 

56 
 

51 
 

46 
 

42 
 

39 
 

36 
 

34 
 

25 
 

20 
 

17 
 

13 
 

80 
 

203 
 

169 
 

145 
 

127 
 

113 
 

102 
 

92 
 

85 
 

78 
 

73 
 

68 
 

51 
 

41 
 

34 
 

25 
 

120 
 

304 
 

254 
 

218 
 

191 
 

169 
 

152 
 

139 
 

127 
 

117 
 

109 
 

102 
 

76 
 

51 
 

61 
 

38 
 

 

b. Bedrock and soils: The stability and credibility of a road alignment is controlled by the 
underlying bedrock and soil material. Bedrock composition and the properties of soils vary 
dramatically along most road routes. Each soil and bedrock type reacts differently to road 
construction and road drainage. 
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Some important bedrock properties that influence slope stability and the ease of excavation for 
road building include rock hardness, direction and inclination of rock layering, amount of natural 
fracturing, amount of weathering or natural decomposition, and mineral composition. Highly 
fractured or weathered rocks, or rock layers that slope parallel to the hillside, are likely to result 
in erosion and stability problems during or after construction. These conditions often lead to high 
maintenance costs. 

A number of soil properties will also influence how easy it is to build a road, how stable the road 
will be following construction, and how much erosion is likely to occur when the soils are 
exposed. Such properties include soil depth, credibility, texture, and compactibility. Soil texture 
is one factor used in determining the credibility or "erosion hazard rating" of a soil, and can be 
evaluated using simple field tests (Figure 6). The properties of soils in an area can generally be 
determined from soil survey maps and reports available from the local office of the U.S. Soil 
Conservation Service or from the California Department of Forestry and Fire Protection. 

The responses of soils to road construction and use can often be anticipated from the information 
in these reports. In practice, where a road is to cross steep slopes, or portions of the route will 
traverse unstable areas, soil maps should be reviewed and a geologist should be consulted to 
evaluate the suitability of the site for the planned road building activities. 

If soil maps do not exist or are not available, simple tests can be performed in the field to estimate 
the soil's most important properties. For example. Board of Forestry Technical Rule Addendum 
#1 for estimating surface erosion hazard rating can be used to estimate the erosional sensitivity of 
soils the road will pass through. However, this procedure only estimates the soil's susceptibility to 
surface erosion caused by rainfall and runoff. The likelihood of mass soil movement 
(landsUding) should be determined in other ways. 

c. Drainage: "Drainage," refers both to subsurface drainage (groundwater flow) and surface 
drainage (runoff). 

i. Subsurface drainage: Water held in the soil is called soil water or ground water. If too much 
water is in the soil (because of seasonal wetness or poor drainage) the weight of vehicles can 
deform the soil and turn it into mud, with lime form or texture. On a sloping road, the mud can 
become a safety hazard, the roadbed may be damaged, and sediment can flow into ditches and 
nearby streams, causing water quality problems. 

Some soils are naturally wet and poorly drained, and should be avoided during road building 
operations. These are often indicated by pools and wet areas on the ground surface, especially 
during the wet winter months. Such sites can often be recognized during dry summer periods by 
noting changes in vegetation types. If you are unsure, obtain professional assistance. 

Wet areas can sometimes be drained, but unless the source of the emerging ground water is 
eliminated, wetness may be a continual problem at the site. Once water has emerged onto the 
ground surface (on the cutbank, in the ditch or on the road surface), it should be directed away 
from the site and discharged onto a stable area. If the road must pass over a known wet area, 
modern subsurface drainage techniques can be used to drain the ground beneath the roadbed. 

 

1

Subsurface drainage techniques include the use of gravel-lined "French-drains," with perforated 
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pipes buried in ditches, and other combinations of gravels and overlying filter fabrics. Avoidance 
is the least expensive and most successful method for preventing subsurface drainage problems, 
and it is almost always best to re-route the road to avoid natural wet areas. 

 

1. Are all natural DRAINAGES conveyed (e.g., carried in dips, fords, culverts or bridges) 
across the road and released back into their natural channels (this includes both small and 
large streams and watercourses)? 

Figure 6. The texture of fine sediments and soils, 
an important component used to evaluate soil 
credibility and erosion hazard, can be estimated 
using a simple hand-texturing field test (B.CM.F.. 
1991). 

ii. Surface drainage: The key 
to successful surface drainage is 
to get the water off the cutslopes, 
fillslopes and road surface as 
quickly as is possible, before it 
has the opportunity to 
concentrate into a large volume 
of flow. The two most important 
rules for accommodating surface 
runoff are 1) get water off the 
road rapidly so it cannot erode or 
seep into the roadbed, and 2) get 
it off the road often to avoid 
large, erosive flows from 
developing in long, undrained 
ditches. 

A simple method, called the 5-D 
test, can be used to measure the  
effectiveness  of road drainage 
systems. This test relies   mostly   
on   visual information and 
analysis of road surface 
drainage. The 5-D's are: 

 

1

2. Does the road drainage system actually DIVERT water off the road surface? 



• Chapter I: Introduction  Handbook For Forest And Ranch Roads 

 

11

3. Is drainage quickly DISCHARGED from the road? 
4. Is the energy of flowing water DISSIPATED onto non-erodible material at the point of 
discharge? 
5. Is the DISTANCE between structures adequate to prevent erosion of the roadbed? 

These five tests apply to all drainage methods, including road outsloping, waterbars, rolling dips, 
ditch relief culverts, stream culverts and bridges. The first four tests can be conducted by 
observation; the fifth test can be evaluated by published standards (Table 3) and by field 
observations for your area. 

Table 3. Maximum distance between waterbreaks on roads and trails (feet)l 
 

Road or Trail Gradient (%) 
 

Erosion Hazard Rating 
(for surface erosion) 

 
10%, or less 

 
11-25% 

 
26-50% 

 
over 50% 

 Extremely high 
 

100' 
 

75' 
 

50' 
 

50' 
 

High 
 

150' 
 

100' 
 

75' 
 

50' 
 

Moderate 
 

200' 
 

150' 
 

100' 
 

75' 
 

Low 
 

300' 
 

200' 
 

150' 
 

100' 
  

1 from California Forest Practice Rules. This is the maximum distance between waterbars:  when in doubt, reduce the spacing. Soils are non-
renewable and waterbars are inexpensive. 

The use and correct placement of drainage structures such as culverts, rolling dips, diversion 
ditches, insloping, outsloping, inboard ditches, ditch relief culverts, waterbars and stream culverts 
are worth the initial cost of installation. Correction and repair may be 2-10 times more costly than 
the original installation, and damage to the land and nearby streams may not be correctable. 

2. Control Points 

The stability of a road and its impact on the environment are often determined by how the road is 
designed and located around physical points of control in the landscape. Efforts should be made to 
avoid as many obstacles and stream crossings as is possible when planning and locating a road 
alignment 

a. Obstacles: Obstacles to a stable road include unstable slopes (slumps, debris slides, debris 
flows (torrents), and earthflows), hard rock outcrops, very steep slopes, highly erodible soils, 
ponds and lakes, swamps and property boundaries. These features should be precisely located 
during road reconnaissance since they constitute control points that will influence the final 
location of the road. 
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Agreements with adjacent landowners should be arranged when needed to prevent property 
boundaries from forcing roads to be built in unstable or unsuitable locations that could cause 
excessive erosion and damage in downslope and downstream areas. In addition, recognition of 
slope instabilities may sometimes be easy, but the skill and expertise of a trained geologist is 
often needed to determine the full extent of unstable areas and to choose a suitably stable alternate 
route which bypasses the obstacle. In the long run, employing an expert to solve a technical 
problem is much less expensive than repairing a major road failure. 
b. Stream crossings: Stream crossings are particularly vulnerable to erosion and failure. For this 
reason, the number and size of stream crossings that have to be constructed along a new 
road should be strictly minimized. The more deeply incised a stream canyon is, the more 
excavation, soil disturbance and erosion are likely to occur during and after construction of the 
crossing. Therefore, stream crossings should be located where the channels are least incised, 
across natural benches, and where sideslopes are gentle and stable. In addition, stream crossings 
should be built at right angles to the stream channel, and, where possible, streams requiring a 48", 
or larger, diameter culvert or large volumes of fill should be bridged. 
The use of prepared crossings is required wherever roads must cross a stream or watercourse. 
They may be permanent, including a culverted fill crossing, a bridge or a ford, or they may be 
temporary, such as a temporary culverted fill or a log crossing, that needs to be removed before 
the beginning of the following winter period (generally considered as beginning on October 15). 
All forest-land stream crossings that are to remain in place for one (1) or more winter periods 
must be designed to pass at least the 50-year storm flood flow. Crossings on older forest roads 
that need reconstruction must also be designed to current 50-year flood standards (methods for 
estimating the 50-year flood flow for a stream are included in Chapter 5 and in Appendix A). 
These standards are appropriate for all wildland roads, including forest and ranch land road 
systems. 
Stream crossing installations often require a California Department of Fish and Game (CDFG) 
1603 permit before any in-stream work can be undertaken. Many Class I, II and III watercourses 
not shown on the topographic maps will need 1603 permits, and all watercourses that are 
identified on maps, on photos or during field reconnaissance will need properly planned and 
designed stream crossing installations. If you need assistance, ask the Department of Fish and 
Game for their advice in preparing a stable stream crossing. 
Some stream crossings require extra careful design to accommodate fish passage. These will 
require consultation with CDFG experts, to determine crossing type (ford, bridge, pipe arch or 
plate arch culvert or full round culvert), culvert length, the need for baffles, inlet and outlet 
location, acceptable culvert grade, resting and jump pools, and water depth. Preparing and 
installing the proper crossing in the first place is also much less expensive than having to modify 
a structure already in-place. 
c. Road grade: The slope of the road is called "road grade." This is not the same as the slope of 
the land. Road grade is typically expressed in percent (%). A road that rises or falls 10 feet for 
every 100 feet of its length has a grade of 10%. 
Steeper roads are more likely to suffer from erosion and vehicle damage if used when wet, and 
this leads to increased safety hazards compared to low gradient roads. Where possible, new road 
alignments should use grades of 3% to 5%, or less. According to the California Forest Practice 
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Rules, grades should be kept below 10% (try for a 7% maximum) except for short pitches of 500 
feet or less where road grades may go up to 20%. These steeper road grades should be paved or 
rock surfaced and drained frequently if they are to be used during the wet winter months. 

3. Other limitations on road construction and location 

A number of physical limitations on road location have already be discussed, including obstacles 
and stream crossings. But other factors may also limit when and where a road can be built 

a. Seasonal construction limitations: California's climate is generally one of wet winters and 
dry summers. The extremes of wet and dry limit the dme of year when construction activities can 
safely take place. However, there are a number of planning and reconnaissance activities that can, 
and should, take place during wet periods. Indeed, winter is the best period for field 
reconnaissance and to identify springs, seeps and small streams that might not be visible during 
dry periods. 

Generally, construction and reconstruction activities should be dmed to minimize soil erosion, to 
give vegetation dme to take hold before heavy winter rainfall begins, and so heavy equipment will 
not have to work on wet soils. Late spring through middle summer is the best period for heavy 
equipment work in many locations. Some moisture is required and desirable for adequate 
compaction of fill materials, but road construction should not begin before the soil has had time to 
drain and dry. 

Table 4 outlines activities that can be safely conducted during various times of the year. In some 
years there are extended dry periods during the winter months when some heavy equipment work 
can be performed. However, California Forest Practice Regulations require that erosion control 
work be kept current, that a winter period operating plan be prepared and filed (if necessary) to 
guide winter operations, and that work be immediately shut down before conditions begin to 
affect water quality. 

Table 4. Timing of road planning and construction activities. 
 
Season 
 

Planning and 
design 
 

Field Layout 
 

Construction and re -
construction 
 

Inspection and 
Maintenance 
 

Closure  
 

Winter 
 

+1 
 

+ 
 

No 
 

+ 
 

No 
 

Spring 
 

+ 
 

+ 
 

V (late) 
 

+ 
 

- 
 

Summer 
 

+ 
 

- 
 

+ 
 

+ 
 

+ 
 

Fall 
 

+ 
 

- 
 

V (early) 
 

+ 
 

+ 
 

 
1 Key to symbols:  + = good or excellent season/or this activity. "\/ = OK or good time to perform this work. - = not a very good season for this type 
of work. NO = this is not a good time for construction or closure -work using heavy equipment, unless there is an extended dry period. Each 
season has periods when work can be undertaken. Winter equipment work, if undertaken, should be planned and conducted carefully, with erosion 
control work kept up-to-date. 
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b. Buffer strips and stream or watercourse and lake protection zones (SPZ; WLPZ): A 
sufficient buffer or filter strip of undisturbed vegetation should be left between road building and 
road maintenance activities and nearby streams. Road surface drainage should be sent through a 
filtering area with enough ground cover to catch any sediment coming from road runoff. Filter 
strips should be retained even for Class III watercourses and ephemeral streams that may not be 
flowing at the dme of road construction or maintenance. Streambeds do not make good roads 
and should not be used for that purpose. 

Table 5 lists recommended minimum filter or buffer strip widths for protecting water quality, but 
these distances may have to be modified depending on vegetation cover and soil conditions. 
Where there is inadequate roadside vegetation, physical barriers (logs, brush, ditches, etc.) or 
small sediment retention structures/basins may be added to trap some of the sediment coming off 
the road surface or fillslopes. For example, the filtering effectiveness of buffer strips can be 
dramatically improved if slash is placed at the base of fillslopes along the road alignment These 
structures are called filter windrows. Inboard ditches and ditch relief culverts should be 
discharged onto vegetated slopes and never into natural stream channels or-watercourses. 

Table 5. Recommended minimum widths for buffer/filter strips  
between wildland roads and streams 1 

Slope of land between road and stream (%) 
 

 
 

Minimum width of vegetated filter or buffer strip (ft) 
 

0 
 

 
 

50 
 

10 
 

 
 

90 
 

20 
 

 
 

130 
 

30 
 

 
 

170 
 

40 
 

 
 

210 
 

50 
 

 
 

250 
 

60 
 

 
 

290 
 

70 
 

 
 

330 
  

1 USDA, 1978 

c. Ordinances: County, state and federal ordinances regulate many aspects of road construction, 
reconstruction and maintenance. Some examples of these are listed below. 

i. County - Department of Public Works and/or Building Departments often have grading 
ordinances that may apply in your area. These ordinances describe how private roads may 
be constructed and how these roads may connect with existing public roads. Permits may 

 

1

be required, and County Planning Departments may also want to review proposed roads 
that are being constructed for large and small lot splits and subdivisions, even in rural 
areas. 
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ii. State - State regulatory agencies with jurisdiction on road construction and related 
activities include the Department of Transportation, the Department of Fish and Game, 
the Department of Forestry and Fire Protection, and the Water Resources Control Board. 
Several other agencies have special jurisdiction. The California Department of 
Transportation controls private road connections with state maintained roads and 
highways. An application fee and bond or deposit may be required for this type of work. 
You should also check with the Coastal Commission when planning a road within the 
Coastal Zone. For new roads, archaeological clearance may be needed in areas where 
records show prehistoric activity or habitation. For developing rock pits and borrow sites 
over one acre in size, or exceeding 1000 cubic yards of overburden or rock material, the 
Department of Conservation should be consulted regarding development and reclamation 
requirements of California's Surface Mining and Reclamation Act (SMARA). 

The Department of Fish and Game will need to review all road construction, road 
reconstruction or road removal jobs where the bed or bank of a stream or lake will be 
altered. This specifically applies to proposed stream crossings. A formal notification 
needs to be made to the Department, submitted on Form 1603, describing the proposed 
work and including an application fee (see Appendix B). The Department has 30 days to 
respond to the application and may propose mitigations and/or ask for a field review of 
the site. Most 1603 applications take about three weeks to clear before operations can 
begin, so paper-work needs to be submitted ahead of time. Check with the local warden to 
file a 1603 application and/or to set up a field inspection. 

To build or rebuild a road for commercial harvesting of trees, firewood or other forest 
products, a licensed forester needs to file a timber harvesting plan (THP) with the 
Department of Forestry and Fire Protection. This includes any commercial timber or other 
saleable wood products from road building or reconstruction work. Specific regulations 
must be followed for planning, designing, constructing and maintaining these logging 
roads (Appendix C). Fire-safe road standards have also been developed for rural 
subdivision roads that require CDF review prior to construction. 

The State Water Resources Control Board and the Regional Water Quality Control Board 
with jurisdiction in your area administer and enforce provisions of California's Porter-
Cologne Water Quality Act, as well as the Federal Clean Water Act. Whenever water 
quality and the beneficial uses of water could be affected, these agencies need to be 
consulted. Sediment entering streams and watercourses is a serious pollutant and road 
construction, reconstruction and maintenance activities, if not performed properly and 
with care, can cause downstream pollution. Clean-up and correction actions ordered by 
the Board can be costly and cause significant delay, so it is always best to follow practices 
which are protective of water quality. 
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4. Keeping a stable road 
Building a road should be viewed as a long-term commitment of both resources (cash and 
equipment) and personnel. If you are unable to make that commitment, then the road 
either should not be constructed, or it should be built as a temporary road with drainage 
structures that are removed after use. Many dead-end spur roads built during timber 
harvesting activities can and should be designated as temporary. If and when they need to be 
rebuilt in the future, stream crossings can be reconstructed and the road regraded. 

A road built with drainage structures and stream crossings needs to be maintained during the 
winter period (as storms occur), during the summer period (as it is being used), and preceding 
each winter period (to prepare the road for winter). Periodic and storm maintenance inspections 
and activities need to be performed frequently and regularly during the first several rainy seasons 
as the road "settles in" and stabilizes. Each year that follows, the road and its drainage structures 
should be regularly checked'and, when necessary, repaired. 

When the need for a road diminishes, it is not sufficient to close the road by simply abandoning it 
or by putting up barricades or a gate. If a road is not going to be maintained for one or more 
seasons, it needs to be proactively abandoned or "erosion-proofed." This is done by excavating 
stream crossings and removing culverts and by excavating potentially unstable fill material that 
might fail and deliver sediment to local stream channels during winter storms. 

5. Where to find help... 

Many people and references are available to help with development of wise decisions on 
planning, designing, locating, constructing, reconstructing, and proactively abandoning wildland 
roads. Table 6 lists some of the sources you can contact for guidance on plans for where, how and 
when to build a road. Don't hesitate to seek advice and assistance from other knowledgeable 
professionals with experience in your area. 
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Table 6. Sources of information for planning, constructing, maintaining and abandoning small private roads (modified from S.C.S. 1983). 
 

Maps and Literature 
 

Suggested source 
 

Aerial photos 
 

Weather 
reports 

 

Vegetation 
 

Permits  
 

Technical 
assistance 

 Soils  
 

Geology 
 

Topo-
graphy 

 

Roads  
 

Federal… 
 
Soil Cons. Service 
 

X 
 

X 
 

X 
 

 
 

X 
 

X 
 

X 
 

X 
 

X 
 

Forest Service 
 

X 
 

X 
 

X 
 

 
 

 
 

X 
 

X 
 

 
 

 
 

Bureau of Land Mgt. 
 

X 
 

 
 

X 
 

 
 

 
 

X 
 

 
 

 
 

 
 

Extension Service 
 

X 
 

X 
 

X 
 

 
 

X 
 

X 
 

X 
 

X 
 

X 
 

Geological Survey 
 

X 
 

 
 

 
 

 
 

 
 

 
 

X 
 

X 
 

 
 ASCS 

 
X 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 NOAA 

 
 
 

X 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 State... 

 
Dept. of Forestry  
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

Div. of Mines and Geology 
 

X 
 

 
 

 
 

 
 

X 
 

 
 

X 
 

X 
 

 
 

Department of Transportation 
 

 
 

 
 

 
 

X 
 

 
 

 
 

 
 

 
 

X 
 

Department of Fish and Game 
 

 
 

 
 

 
 

X 
 

X 
 

 
 

 
 

 
 

 
 

Reg. Water Quality Control 
Boards 
 

 
 

 
 

 
 

X 
 

X 
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Table 6. (CONTINUED) 
 

Maps and Literature 
 

Suggested source 
 

Aerial photos 

 
Weather 
reports 

 

Vegetation 
 

Permits  
 

Technical 
assistance 

 
Soils  

 
Geology 

 
Topo-

graphy 
 

Roads  
 

Universities (Depts. of 
Forestry, Geology and 
Engineering) 
 

 
 

X 
 

X 
 

 
 

X 
 

X 
 

X 
 

X 
 

 
 

Univers ity libraries  
 

 
 

 
 

X 
 

 
 

 
 

X 
 

X 
 

X 
 

X 
 County... 

 Public Works, Road or 
Building Depts. 
 

X 
 

 
 

 
 

X 
 

X? 
 

 
 

 
 

 
 

X 
 

Timber Tax or Nat. Resource 
Depts. 
 

X 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Planning Dept. 
 

X 
 

 
 

 
 

X 
 

 
 

 
 

 
 

 
 

 
 County library  

 
 
 

 
 

X? 
 

 
 

 
 

X 
 

X 
 

X 
 

 
 City & local... 

 City library 
 

 
 

 
 

X? 
 

 
 

 
 

X 
 

X 
 

X 
 

 
 Government 

 
 
 

 
 

 
 

X 
 

 
 

 
 

 
 

 
 

 
 Private... 

 Consultants (forestry, geology, 
engineering, wildlife, etc.) 
 

X 
 

 
 

X 
 

 
 

X 
 

X 
 

X 
 

X 
 

X 
 

Outdoor stores  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

X 
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CHAPTER II: PLANNING 

A. Introduction to road planning 
Good planning can minimize the impact of a road on the environment and provide low-
maintenance, low-cost access for landowners. It will pay many times over to sit down and 
seriously plan for the road and road network before making irreversible decisions that cost extra 
money, waste time later and damage the environment 

Two basic tenets of road planning should be followed. First, minimize the number of roads 
constructed in a watershed through basin-wide planning. If you don't own the entire 
watershed, consider meeting with other landowners to see how road network planning can benefit 
everyone by saving money and causing the least impact. Most landowners want to cause as little 
disturbance as is possible and to minimize costs. There is great economic and environmental 
benefit to developing a coordinated road plan and reducing road construction in a watershed. 
Roads should be minimized because they remove land from production and often cause erosion. 

Second, existing roads should be used wherever possible, unless using such roads would 
cause more severe erosion problems than building a new alignment elsewhere. Existing roads 
might require some rebuilding or upgrading, but using them is usually much less expensive than 
new construction. Sometimes, because of property lines that divide ownerships, roads have been 
built close together on adjacent properties. Cooperative use of existing roads can prevent this kind 
of duplicate and unnecessary construction in the future. 

Efforts should be made to develop easements or agreements that allow mutual use of roads on or 
near property boundaries. Written and recorded rights-of-way mutually benefit all parties 
concerned. Such agreements should define the road location, ingress and egress routes, road 
width, levels of use, maintenance responsibilities, monetary considerations, and any other 
pertinent points. A survey, properly recorded, may be needed to clearly identify the boundary 
line. It is suggested that an experienced local attorney be consulted to ensure that all legal and 
liability requirements have been addressed. 

B. Need for a road 

Two of the most important steps in planning for a road are 1) determining whether or not the road 
is actually needed and 2) deciding what standard of road is called for. Ask yourself these 
questions: 
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What will the road be used for? Will it be used for residential access, access for grazing or 
farming, timber hauling, fire control, or for recreation? What kind and size of vehicles or 
log yarding equipment will be used? 

How often and when will the road be used? Is it a one-time use (e.g., for timber removal) 
or daily use (e.g. for residential access)? How fast do you expect to travel? Is it only to be 
used during the summer or will you need to use it during wet winter months (i.e., does it 
need to be an all-weather road)? 

Is there an existing road, either on your property or on an adjacent property, that could be 
used or rebuilt? If the road is being built for timber removal, can an alternate harvesting or 
yarding method be selected that would either shorten the length of new road or eliminate 
the need for a new road altogether? 

A sound, thoughtful review of the present and future needs for this road will assure that it will 
accommodate your needs. It is frustrating, and potentially costly, to build a road that cannot 
accommodate all the needed uses. At the same time, both forest and ranch roads should be built to 
the minimum standard necessary to accommodate all reasonably anticipated uses and equipment 

C. Road size and standards 
After deciding why a road is needed, you can determine the minimum size or standard that is 
appropriate to meet your requirements. Table 7 provides suggested minimum standards for single 
lane, packed gravel surface and dirt roads with traffic of less than 100 vehicles per day. 

Horizontal curves occur where the road goes around a ridge, watercourse or other obstacle, and 
vertical curves are those where the road goes over the crest of a hill. Both kinds of curves require 
a minimum length of visibility at a given driving speed to assure safe stopping distances for trucks 
and other vehicles. 

It is also important to provide passing lanes and turnouts on narrow, single lane roads, and 
turnarounds are needed at the end of all dead-end roads. Turnouts should generally be located so 
you can see from one to the next, and so oncoming traffic can safely pass without vehicles ever 
having to back up. 

In some situations, long, straight roads may encourage excessive speeds. To discourage unsafe 
driving speeds, straight sections of road can be limited to 400 feet, or less. The road should be 
contoured to the landscape to minimize cuts and fills. Rolling dips, used for surface road drainage, 
also help keep travel speeds at a safe level. 

Other considerations may also dictate road size. For example, in erodible, unstable or steep 
terrain, small narrow roads are often preferred because of their lower environmental impact. Spur 
roads and other low volume roads are often narrower and of lower standard than trunk roads that 
service large areas or serve as major connecting links in the road network. 
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Table 7. Suggested minimum standards for single lane gravel and dirt roads1 
 

Design speed (MPH) 
 

Standards 
 10 

 
15 
 

20 
 Speed range (MPH) 

 
5-15 

 
10-20 

 
15-25 

 
Stopping distance (ft) 
 

40 
 

68 
 

100 
 No sight obstruction 

 
55 
 

110 
 

200 
 

Horizontal curve radius (ft) 
 

obstructions 9 ft from road edge 
 

100 
 

300 
 

600 
 Vertical curve length (ft) 

 
200 

 
200 

 
200 

 
Stopping distance for approaching vehicles, controlled by horizontal and 
vertical curves (ft)" 
 

100 
 

170 
 

250 
 

Travelling surface width (ft) 
 

10 
 

12 
 

12 
 Maximum sustained 

 
7 
 

4 
 

3 
 

Road grade for heavy trucks (%) 
 Minimum sustained 

 
2 
 

2 
 

2 
 Maximum pitch (%) (<500 feet) 

 
18 
 

18 
 

18 
  

1 from USDA-SCS (1981) 
2 21/2 times single vehicle stopping distance 

All other conditions being favorable, financial considerations and planned uses may play large 
roles in determining road standard and size. Costs are directly proportional to the standard of the 
road, and high standard roads are usually built where economic returns from land management 
(such as logging or mining) can pay for the added improvements, or where planned uses require 
high standard roads (e.g., for wet weather access to residential property). 

For forest roads, standards and size may also be dictated by harvesting and yarding equipment 
needs, as well as the season of use. Other types of land use have their own special or unique 
requirements for standards. Features such as paving or rock surfacing, dual lanes, and oversized 
drainage structures can all add substantially to construction costs. If these features are not needed, 
given the planned use of the road and requirements for environmental protection, they should not 
be built into the project. 

Road classification also indirectly affects road standard. Forest and ranch roads are often divided 
into classes called permanent, seasonal and temporary, in generally decreasing order of road 
standard and size. Permanent roads  form the core of the all-season road network, and are 
surfaced to allow winter uses, such as log hauling (Figure 7). Permanent roads have watercourse 
crossings designed to accommodate at least a 50-year flood flow at all streams. Seasonal roads 
are a part of the permanent road network with drainage structures (or fords) designed to pass the 
50-year flow, but they may not be of sufficient standard for heavy, wet-weather use or hauling. 
Both permanent and seasonal roads require regular, seasonal and storm period inspection and 
maintenance (Figure 8). 
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Figure 7. This well built 
permanent road is 
designed/or year-around use. 
It is contoured to the natural 
topography, has no inboard 
ditch, is slightly outsloped, 
has no outside berm, is 
occasionally rolled to 
provide continuous surface 
drainage and is rock 
surfaced for wet-weather 
traffic. This self-maintaining 
design will provide years of 
uninterrupted use. 

 

 

Temporary roads  are lower standard roads with a surface adequate for use during the dry 
periods and drainage structures adequate for flows during the anticipated period of use, but that 

Figure 8. Seasonal roads are 
built to the same specifications 
as permanent roads, but are not 
surfaced for all-weather traffic. 
They typically provide summer 
or dry period access to 
watershed areas. The 
potentially credible road 
surface may be waterbarred 
before each winter (not shown), 
or outsloped with rolling dips 
to provide for rapid drainage of 
surface runoff. 

are removed before the beginning of the winter period (Figure 9). Temporary roads may remain 
in-place for several years before they are removed only if their drainage structures are designed to 
accommodate the 50-year flood event. Upon abandonment, all drainage structures and stream 
crossing fills are removed, and the road surface is permanently drained using outsloping rolling 
dips, waterbars and ditches. 
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D. Road system layout 

In forest and ranch road planning, the concepts "less is best" and "avoid the worst" generally 
describe the most economical and environmentally sound approach to planning for road building 
and road system layout. Some of these important concepts are listed below: 

1.   Minimize total road miles in your watershed, 

2.   Minimize new road construction by using existing roads, 
3.   Minimize construction of permanent and seasonal roads by using these standards only 

when absolutely necessary; use temporary roads to minimize long-term maintenance 
and reconstruction costs and reduce environmental damage, 

4.   Strictly minimize the number of watercourse crossings, 

5.   Minimize cuts, fills and vegetation clearing by contouring roads across the landscape, 
6.   Minimize road work near the WLPZ, and on unstable areas, inner gorges and steep 

slopes, 

7.   Minimize road width, 

8.   Minimize road gradient, 

9.  Minimize the concentration of runoff on and from the new road, and 

10. Avoid problem areas and serious obstacles, when possible. 

Figure  9.  Temporary roads are 
often spur routes constructed off 
permanent or seasonal roads 
that provide short-term access to 
watershed areas. They are 
usually outsloped,    unsurfaced 
and used only during dry soil   
conditions.   All stream 
crossings need to be physically 
excavated and removed upon the 
completion of operations or 
prior to the onset of the    winter    
period (October 15 for forestry 
roads). In forested areas, the 
road bed can be planted with 
trees to return   the   site   to 
productivity. 
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Road system layout is influenced by many factors, including topography, property lines, obstacles 
(rock outcrops, unstable areas, etc), and proposed landuse activities. Controls on the location of a 
road include both natural features and man-made elements (Table 8). 

Table 8. Some man-made controls which affect road location1 
 
Control 

 

Comment 

 
Legal 
 

Boundary lines limit the location of a road. Talk with adjacent landowners and work out 
written right-of-way agreements to share roads and reduce road construction. 
 

Specific location 
 

The beginning and ending points of a road are often fixed. These represent major controls. 
 

Safety 
 

Each class of road and level of use have specific safety requirements. Common sense should 
be applied in setting speed, grades, curve radius, sight distance, and turnouts. 
 

Pollution control 
 

Roads should avoid problem areas. Allow ample room to trap sediment in a buffer before it 
reaches a stream. Do not allow any direct discharge points where road runoff flows directly 
into the stream. Avoid flood plains, landslides, credible soils, etc., as well as slopes over 40% 
wherever possible. 
 Design elements 

 
Physical limits for curve radius, road grade, pitch grade, stopping distance and separation 
from streams are set by you! Design to reduce maintenance costs and pollution potential. 
 

Migrating fish 
 

Observe and maintain substantial buffers. Know what species use your streams, their habitat 
requirements, the susceptible periods of their life cycle, and their environmental tolerance 
limits. Permits may be needed from the Department of Fish and Game. 
 Approach road permits 

 
Issued by California Department of Transportation or the County for roads connecting to 
public highways. Locations for intersections may be restricted. 
 

 
1modified from USD A-SCS( 1981) 

1. Harvesting and yarding techniques: For timberland owners, road systems are often planned 
around the preferred method of timber harvesting and yarding for the terrain. Downhill tractor 
skidding, a common yarding technique in the past, require roads to be built in lower hillslope 
positions where slopes are often steeper, soils less stable and streams more incised into the 
landscape. These conditions can lead to greater erosion and soil loss from road construction, and 
higher long-term maintenance costs. Cable yarding allows most roads to be build near ridges and 
in upper hillslope areas where environmental impacts may be significantly reduced. Integrated 
planning for modem yarding techniques and road location and design will achieve the most 
economically and environmentally sound road system. 
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2. Road construction versus reconstruction: In the last 50 years, tens of thousands of miles of 
road have been constructed on private forest and ranch lands in California. Most of these roads 
were built to accommodate timber harvesting, ranching and rural development. Many of these 
roads are now abandoned and grown over with vegetation. Some were built in locations which 
would not be acceptable for new road construction today. As these areas are re-entered for 
additional logging and land use, decisions must be made as to whether or not it is better to use the 
existing abandoned road system, or to build a new road network in a better location using state-of-
the-art techniques (Figure 10). 

 
The answer lies in considering both economics and environmental impacts. In many instances, 
reconstruction can be viewed as an opportunity to cost-effectively improve watershed conditions 
and reduce the threat of long-term erosion, while providing the opportunity to economically access 
a previously harvested or managed area. 
 
For example, in a final forest re-entry it is often possible to temporarily open an old road for 
forestry activities, and then to systematically and permanently close it upon completion of 
operations. This "road closure" would involve removing drainage structures, stream crossing fills, 
and unstable sidecast, and permanently draining and planting the road surface. In this way the old 
road can be "erosion-proofed" against future storm damage, and returned to forest or ranch-land 
production. At the same time, an economical temporary access to the site has been developed for 
at least one summer's work. Proactively planning for this option, where it can be used, is often 
both economically and environmentally advantageous. 
 
In other circumstances, an old road system may be so deteriorated that only small portions of it 
can be safely used without causing extensive erosion. In this case, new roads may need to be 
planned and located at more stable, suitable hillslope locations. As this may be the only chance for 
rehabilitation work, efforts should be made to correct as many erosion problems along the old road 
network as is possible when the logging operation is being conducted. 

Figure 10. Because of our 
increased awareness of the 
potential   impacts   to streams in 
a watershed, some roads which 
were built in the past would 
probably not be built in the same 
locations today. In this example, a 
side-cast-constructed road was 
built alongside a large, fish-
bearing stream and ditch relief 
culverts still discharge muddy  
road runoff into the channel 
during storms. 
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Finally, an old, abandoned road system may be located in an environmentally suitable location, 
but because it has been abandoned for a number of years it is now overgrown with vegetation. In 
this case, reconstruction may cost significantly less than new construction, and result in little 
erosion. Sections of the reconstructed road network may have to be re-routed around unstable 
areas or areas where past slope failure has removed the road prism, but most portions of the road 
system may be useable with only minor earthwork. 
 
When roads are planned for reconstruction, and to be a part of the permanent and seasonal 
road network, it is best to anticipate upgrading all drainage structures to current design 
standards (50-year flow) and redesigning road surface drainage to more modern standards 
(e.g., outsloping with rolling dips). Forest Practice regulations require replacement and 
upgrading of all undersized culverts on watercourse crossings that need reconstruction. 
 
3. Selecting favorable ground for new roads: In laying out a new road system in a watershed, 
the most favorable ground should be identified and utilized wherever possible. Favorable ground 
consists of ridges, saddles, natural benches and flatter natural slopes. Less excavation is needed if 
the road is built in comparatively low gradient areas and utilizes natural benches. Terrain to avoid 
includes hard rock areas, inner gorge slopes, steep slopes, watercourse and lake protection zones, 
highly credible soils, wet areas and swamps, areas of unstable soils and sensitive wildlife habitat 
 
4. Road routing through difficult terrain: Avoidance is almost always the best solution to 
road-building in difficult terrain. Indeed, the recognition and avoidance of unstable slopes is 
without doubt the most effective and cost-efficient method of managing landslide-prone 
terrain. When possible, all serious obstacles to road construction should be avoided through 
complete realignment or by locally changing grade and circumventing problem spots as they are 
encountered. It is far better to plan for a route containing fluctuating grades than to build a 
straight road which ignores the landscape through which it traverses. Construction and 
maintenance costs will be minimized by sticking to the most favorable terrain. 
 
In order of priority, the road planner and designer should consider: 
 
1. Avoiding 
 

unstable slopes or soils, 
 

2. Preventing 
 

destabilization, using special road building techniques, when potentially unstable slopes cannot be avoided, 
 

3. Stabilizing 
 

slopes which show signs of instability using special techniques developed by a trained engineer/geologist, 
 

4. Protecting 
 

downslope resources when an unstable area cannot be physically or economically avoided, prevented or 
stabilized. 
 

 

If it is impossible to move the alignment to avoid serious obstacles, construction costs and 
maintenance requirements are likely to climb sharply as special construction techniques (such as 
endhauling) are employed to build a stable road bench and to minimize post-construction erosion. 
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E. Preliminary road location  

The road should be plotted and located by a person with some knowledge of the area to be served 
by the road and of the terrain where the road is to be built. A tentative road location should first be 
roughly plotted on aerial photographs and topographic maps. At this stage, several alternate routes 
should be developed and plotted for investigation during later field reconnaissance. These 
alternative locations should be visually fitted to the topography (paralleling the contour lines) as 
much as possible to minimize cutting and filling. Aerial photos are useful for identifying natural 
features on the landscape that don't show up on the topographic map. 

One procedure for plotting an alignment on topographic maps is shown in Figure 11. Using the 
known contour interval printed on the map, together with a set of measuring dividers, you can 
easily plot a tentative course for the road while keeping within the allowable grade limits. By 
combining this method with observations from aerial photographs, some of the recognizable 
obstacles and control points can be located, and a route with a suitable average grade can be 
identified and plotted on the topographic map. 

 
Figure 11. On this topographic map, three preliminary road routes across a hillside have been identified. Identifying possible alternate routes on 
maps and photos can save time and money when the next step of field reconnaissance is performed. Several alternate routes should always be 
identified in the planning process since field conditions may require minor or major adjustment of the route (USDA-SCS1981). 
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Table 9 shows the computations for the example in Figure 11, including three possible alignments 
for a road to be built from point "1" to point "4." A simple, 6-step methodology can be followed to 
arrive at these "paper alignments." 

Table 9. Control section and grade computations for three possible road routes (see Figure 11)1 
 

Route 
 

Road 
reach 

 

Elevation diff. 
between 

control points 
(ft) 

 

Est. road dist. 
between control 

points (ft) 
 

Estimated 
avg.road 

grade (%) 
 

Caliper dist. 
setting 

 

Meas'd 
road 

dist. (ft) 
 

New 
est. road 
grade (%) 

 

Comment 
 

 
 

1 to 2 
 

+58 
 

800 
 

+7 
 

290 
 

800 
 

7 
 

route is too 
 A 

 
2 to 3 

 
-128 

 
3200 

 
-4 
 

500 
 

3200 
 

4 
 

long; try again 
  

 
3 to 4 

 
-150 

 
2400 

 
-6 
 

330 
 

2200 
 

7 
 

 
  

 
1 to 2 

 
+58 

 
800 

 
+7 
 

290 
 

800 
 

7 
 

route OK; 
 B 

 
2 to 3 

 
-128 

 
2000 

 
-6 
 

330 
 

2100 
 

6 
 

field check 
  

 
3 to 4 

 
-150 

 
2400 

 
-6 
 

330 
 

2200 
 

7 
 

 
  

 
1 to 2 

 
+58 

 
800 

 
+7 
 

290 
 

800 
 

7 
 

route OK; 
 C 

 
2 to 3 

 
-128 

 
2000 

 
-6 
 

330 
 

2100 
 

6 
 

field check 
  

 
3 to 4 

 
-150 

 
3000 

 
-6 
 

400 
 

2600 
 

6 
 

 
  

1 USDA-SCS (1981) 

1. Mark the beginning (1) and ending points (4) of the road. 

2. Mark other known control points along the route (control points are natural features that 
dictate road location, such as a stream crossing, rock outcrop or saddle in a ridge). 

3. Compute the elevation difference between each control point 

4. Compute the estimated average grade of each road segment between control points 
(dividing the difference in elevation between two points by the length of road between 
them gives the sustained or overall grade of the road segment). 

5. On a divider, set the scale distance equal to the contour interval divided by the decimal 
percent grade (distance = C.L/grade). Then, simply mark the primary and alternate road 
alignments using the dividers as set, and move from one contour line to the next 

For example: 

Contour interval = 40 feet 

Max. desired grade = 8%, (or .08) 

Computation: 40/.08 = 500 feet 
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In this example, you must go 500 feet before climbing 40 feet to keep the grade to 8%. The 
dividers should be set at a spacing equal to 500 feet on the map. Then the dividers can be 
used to mark where the proposed road will cross each contour line on the map (at 500 foot 
intervals). 

6. If any road segment fails to reach the identified control points or endpoints, or if the 
required grade between these points would be too steep, then either individual segments or 
the whole road needs to be re-routed until each alternative segment and grade is 
satisfactory. 

With several alternative alignments available, at least on paper, several other tests can be made 
before going out in the field to scout the routes. You can overlay the routes with soil maps to 
identify potentially unstable or erodible sites. Aerial photos can be viewed to identify possible 
landslides or rock outcrops that lie in the path of one or more of the routes. Ownership boundaries 
can be identified and, if necessary, permission can be secured to scout possible alignments that lie 
on adjacent property. 

For most roads, half a day spent in the office can save much wasted time in the field trying 
to identify possible alignments for the road. Remember, topographic maps are not always 
accurate in the small details of the landscape, so no alignment is satisfactory until field 
reconnaissance is performed. Most small benches, streams and unstable areas will not show up on 
the standard 1:24,000 scale topographic sheet. However, general routing of the alignment, from 
starting point to ending point, can be performed ahead of time and then be used to guide 
subsequent field work. 
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NOTES: 
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CHAPTER III: FIELD RECONNAISSANCE AND 

LOCATION 

A. Scouting the alignment 
Now it's time to walk proposed routes on the ground, to scout, measure and record the actual field 
conditions, and to determine the feasibility, advantages and disadvantages of each alignment. If 
another route looks good in the field, don't hesitate to walk it, flag it, record observations and 
grades, and plot its position on the map. Remember, road building is the main destabilizing 
activity carried out in forestry and wildland management, and avoidance is the most cost-
effective means of dealing with unstable terrain. Steer clear of sensitive obstacles such as 
unstable slopes, credible soils and steep stream canyons. 

First, the entire length of the proposed road is walked to become familiar with the topography and 
ground conditions and to identify important features that were not visible on the aerial photos or 
topographic map. Items and conditions to identify and locate on the map in this first 
reconnaissance include: 

1.   favorable topography (especially benches and low gradient areas for landings, 
turnouts and spoil disposal), 

2.   control points (the beginning and ending points, saddles and other sites), 

3.   obstacles (especially unstable or erodible soils, large rock outcrops and wet areas), 

4.   stream channels (including their degree of incision), 

5.   inner gorge locations, 

6.   areas of steep slopes and 

7.   any other obvious hazards or controls. 
It is important that all control points be noted at this time, with only a minimum of marking 
(flagging) necessary to indicate the route traveled, along with any other important features to 
either utilize or avoid. 
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B. Recognizing hazards and obstacles 
Identifying many "obstacles" or hazards in the field can be fairly simple. Streams, surface wet 
areas (springs and seeps), rock outcrops and steep slopes are usually readily apparent. Other 
potential obstacles to a stable road may take training and experience to identify. These include 
sensitive wildlife habitat, archaeological sites, and a variety of "hazardous" hydrologic and 
geologic conditions (Table 10). Final identification of these potential problem areas should be left 
to trained specialists. 

Table 10. Some natural controls which affect road location1 
 

Control 
 

Comment 
 

Saddles 
 

Major control for road location 
 Ridges 

 
Major control and often a satisfactory road site. 
 

Stream crossings 
 

Major control. Seek locations with gentle side slopes and locations wide enough to accommodate the road. Good 
sites for bridges or culverts are needed. Evaluate for migratory fish where needed. Will need Fish and Game 1603 
permit. 
 Benches 

 
Often a good location for road junctions, switchbacks, landings, turnouts, etc. 
 

Cliffs or rock outcrops 
 

Cross above or below at a safe location. Rock which can be ripped is less costly to remove than hard rock 
needing blasting. 

Slides 
 

Major control. Avoid or cross at the safest point. Ask for professional geotechnical assistance. 
 

Wetlands (bogs,  
swamps, wet meadows) 

 

Major control. Avoid where possible or cross quickly at best point. May need Fish and Game clearance. 
 

wide 
 

Low gradient, desirable road location if above the flood line. If crossing, cross and get out of floodplain quickly. 
Little excavation required. Fish and Game permit may be required. 
 

Valley 
floor 

 
narrow 

 
Poor location because of flooding, erosion and pollution potential and high costs to cross the stream if it 
meanders. Keep road above floodplain. Fish and Game 1603 permit may be required.  

>40%, but 
<60% 

 

Avoid sidecasting and sliver fills (thin blankets of fill placed on steep slopes) in which large bare areas arc 
exposed to erosion. This loose sediment may be difficult to control because of long buffers needed.  
 >60% 

 
Construction in unstable areas should be avoided. Full bench road construction and endhauling material may be 
needed where slopes remain steep alongside stream channels. Proceed only with extreme caution. Avoid road 
construction on these steep slopes if possible. 

Slopes 
 

ridge crest 
 

Good alignment and little excavation. Good drainage. Few culverts required. Adverse grade encountered on 
uneven ridges. Spur roads will have an adverse grade. 
 Aspect 

 
Maintenance requirements in moist climates can be minimized by placing roads on south-facing slopes to 
promote drying and snow melt. In dry climates, (he north-facing dopes have more vegetation and may have less 
erosion. Extremely wet or dry climate negates this effect. 
 Rock slope (dip) 

 
Place roads on (he hillside where rocks dip (slant) into the hillside, not parallel to or out of the hillslope. Consult 
a geologist for other problems and advice. 

Soils 
 

Where possible, avoid road building on naturally erodible soils. Check soils maps for potential problems and ask 
extension agents or the SCS for advice. Frozen soils require special care; ask for assistance. 
 

 
1 modified from USDA-SCS (1981) 
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For example, a geologist may be needed to locate unstable subsurface geology, soft or weak 
bedrock materials, contact zones and faults, rock layering that is susceptible to failure when 
undercut by road construction, existing and potential landslide areas, potentially unstable stream 
banks and stream crossing sites, and the suitability of local spoil material for use in road fills and 
stream crossings. Many of these conditions may not be apparent to the untrained observer. It is 
important to identify all the unstable areas along the proposed alignment and treat them as control 
points. Avoid unstable areas and poor stream crossing sites by linking up all the stable slopes and 
suitable crossings locations. 

When a final alignment has been identified, a trained wildlife biologist may be required to 
investigate the alignment and the surrounding terrain for endangered species or species of special 
concern. An archaeologist may occasionally be needed to identify cultural sites that have to be 
avoided or mitigated before construction can begin. 

If you are unsure whether or not you need specialized advice, ask the Department of Fish and 
Game (for wildlife issues), the Soil Conservation Service (for reading activities on private non-
timber lands), and/or the Department of Forestry and Fire Protection (for reading activities on 
private timberlands). They won't do the technical consulting work for you, but they can give you 
pointers, provide advice about the need for additional help and describe where to find it. 

Specialists identify problems, suggest alternate alignments to avoid many of these problem areas, 
and design mitigations for problems areas that cannot be avoided. The expense of these 
professional consultations is, in most cases, well justified and quickly repaid by lower 
construction and maintenance costs over the first few years of the road's existence. Benefits are 
also gained from minimizing impacts to watercourses along the alignment So called "low-cost" 
roads can be very expensive if they are poorly planned and constructed, while roads which 
initially cost slightly more to build often end up costing far less in the long run when lower 
maintenance and rebuilding costs are accounted for. 

C. Marking the proposed alignment 

First, a preliminary traverse of the approximate route(s) is conducted. For this, and later detailed 
field layout, the following tools and materials should be carried: 

1.   a hand-held clinometer or abney level (to measure road grades and hillslope 
gradients), 

2.   a measuring tape, range finder or hip-chain (to measure distances), 
3.   an altimeter (to measure elevations), 

4.   colored flagging (for marking the alignment, hazards and obstacles), 
5.   a hand compass (to check bearings), and 
6.   a map and/or aerial photos (showing the alternative alignments plotted earlier). 
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Next, a preliminary road location survey is conducted, using one or two people. Based on the first 
traverse, and the identification of obstacles and hazards, a tentative route is identified on the 
ground. Beginning at one end, the center line of the route is roughly marked with flagging along a 
pre-selected grade line (the average grade of this route was determined in the 6-step map 
procedure described earlier). Grade between each flag is measured using a clinometer or an abney 
level. Ragging, by convention, may be hung on the approximate centerline, or they may be hung 
to mark the top edge of the cutbank (so they aren't destroyed during construction). If the 
predetermined fixed grade does not exactly meet the desired ending point, you can work back 
from that endpoint and connect the two surveys at a convenient location. 
Once this preliminary alignment has been established, you should "stand back" and examine the 
route to determine where adjustments in grade and alignment could be made to take advantage of 
benches and gentle ground, while avoiding unstable sites, wet areas, incised stream channels and 
rock outcrops. Some steep pitches may be necessary to reach the best ground for the road. For 
example, efforts should be made to identify and utilize the most suitable, stable and least incised 
stream crossing sites, and potential WLPZ areas should be avoided. Broad ridge crests and 
benches should be identified and flagged as possible locations for landings, road turnouts and spoil 
disposal sites (Figure 12). Nearby rock outcrops should be identified and evaluated for potential 
rock aggregate for road surfacing materials. After evaluating all these factors, several additional 
grade surveys may be needed to identify and mark the final and best location for the road. 

Figure 12. Log landings on forest road systems should be kept to the absolute 
minimum size necessary to accommodate yarding, loading and hauling 
equipment and the minimum number needed to remove timber resources. 
Landings constructed on gentle ground and broad ridge crests far removed 
from stream channels are least likely to cause water quality problems, whereas 
landings built on steep slopes and near watercourses can result in severe 
impacts (USFS, 1963). 

The marking of curves and switchbacks requires a little 
more thought and care during road layout. Each turn 
should be of sufficient radius for trucks and the 
anticipated equipment to negotiate easily and safely. The 
radius should be no less than 35 feet for standard pickups 
and field vehicles, and 55 feet for tractor trailers (such as 
log trucks). A minimum horizontal curve radius of 200 
feet is suggested for roads supporting 20 mph traffic 
(Table 6). 

Where curves are short and gentle, they can be located by eye to follow the topography and the 
flagged grade location. Sharper curves and switchbacks require some surveying. The center stake 
method is one of the simplest methods for marking these curves during the road survey. First,
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decide on the radius of the curve (see Table 11). Then, using a string or a tape that is the length of 
the desired radius (or using a range finder), simply identify and stake the center of the curve and 
stake the centerline in an arc extending out from the center stake (Figure 13). 
 

Table 11. How to convert horizontal distances to true "slope distances" measured on hillslopes 
needed for marking road curves and switchbacks1 

When the land slope is this steep in the direction 
you're looking (use a clinometer)... 
 

...true slope distance is determined by multiplying horizontal 
distance by the following correction factor... 
 

10% 1 
 15 

 
1.01 

 20 
 

1.02 
 25 

 
1.03 

 30 
 

1.04 
 35 

 
1.06 

 40 
 

1.08 
 45 

 
1.10 

 50 
 

1.12 
 55 

 
1.14 

 60 
 

1.17 
 65 

 
1.19 

 70 
 

1.22 
  

 

Figure 13. Staking and 
identifying simple curve 
layout using the center stake 
method (USDA -SCS, 1983). 
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The Center Stake Method assumes the ground is flat as you're marking the arc. This isn't usually 
true, so some adjustment of the lengths marked in the field is needed to compensate for the slope 
of the hillside (see Table 11). To use the center stake method, true horizontal distances need to be 
marked on the ground. To get the slope distance, multiply the horizontal distance (desired curve 
radius) by the correct multiplier shown in Table 11. For example, to switch back across the slope 
above with a 110 foot horizontal radius on a hillside with a 65% slope, the curve should be 
marked 131 feet upslope (110' x 1.19 = 131') and 131 feet downslope from the center stake. 
Straight ahead, on contour, the stake is marked at 110 feet. 

Ideally, the road within a switchback should have little or no grade so that trucks and equipment 
can pass safely and so they won't tear up the road surface while turning the comer and continuing 
up the road. This may require increasing the average grade of the road coming into and leaving 
the switchback. Depending on the curve radius, the grade of the road should at least be reduced 
through the curve to provide for safe handling of vehicles and equipment (Table 12). Where 
longer curves are needed, the Stick Method of curve layout may be more convenient (see 
Appendix D). 

Table 12. Suggested reductions in road grade through curves of different radius1 
 

Curve radius (ft) 
 

Reduction in % road grade 
 

150 to 460 
 

1% 
 

90 to 150 
 

2% 
 

65 to 90 
 

3% 
 

50 to 65 
 

4% 
 

1 USDA-SCS (1981). It is suggested that road grades through switchback curves be flat (0%), or very low.  

Landings and turnouts should be identified and staked at the same time curves are staked. 
Typically, turnouts should be intervisible and located where a minimum of excavation will be 
required to increased the road width (Figure 14). Landings should be the minimum length and 
width necessary to accommodate the yarding and loading equipment. Some mobile yarders can 
work directly off a single lane road or at turnout locations, and landings need not be built On 
roads to be reconstructed, existing, stable landings should be re-used and landing enlargement or 
expansion should be avoided wherever possible. 

For situations that require a more highly engineered road than can be marked using a centerline 
location survey (e.g., where slopes are very steep, or where sidecasting is not permitted), it may 
be necessary to set grade and slope stakes. In this procedure, stakes are placed at 50- to 100-foot 
intervals along the alignment, depending on topography. For sidecast constructed roads, grade 
stakes are first placed at points in the cross section of the road where the cut and fill sections 
meet and are reduced to zero. A follow-up survey is then run to set cut and/or fill stakes marking 
points on the ground that will be at the top of the cutbank or the toe of the fill, respectively. 
Grade surveying may then be used to obtain accurate estimates of cut and fill volumes. 
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Figure 14. Standard turnouts allow for 
vehicles to pass each other by safely 
pulling off and back onto a single lane 
road. Turnouts and landings should be 
located to take advantage of benches and 
broad ridges where the additional road 
width can be developed with a minimum of 
added excavation. Turnouts should be 
intervisible (USDA-SCS, 1983). 
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Notes: 
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CHAPTER IV: DESIGN 

A. Introduction to road design 
Road design is often a combined result of economic and environmental factors that influence construction, 
operating and maintenance costs. Unfortunately, because construction costs are felt immediately, they are 
often the sole consideration employed in choosing a road's final design. However, excessive hauling 
expenses and difficulty of travel on a road, as well as high road maintenance costs, may have a far greater 
effect on the long-term economics of forest or ranch operations than the savings in initial construction of a 
low standard or inadequately designed road. 

Over-design can also be a costly mistake. For example, construction costs for a 12-foot wide road on a 
steep side slope may be as much as 30% higher than for a 10-foot wide road in the same location, because 
of the large volume of earth that must be moved from the inside of the road bench to obtain an additional 
two feet of road width. Long-term maintenance costs are also likely to be higher for the wider road. For 
this reason, it is important to determine the main types of vehicles and the expected volume and speed of 
traffic so that the required road standards can be established well before actual construction begins. 

Both road length and road width should be designed to minimum standards for the anticipated uses of the 
road. Narrow roads dramatically reduce excavation and sidecast volumes, thereby reducing cutbank height 
and decreasing the likelihood of slope failures (Table 13). 

Road design begins with planning for the road's location. Selection of the final route will constrain many 
future design decisions. Two important design questions that need to be answered early in the planning 
process are 1) road prism design and 2) road surface design. Routing the alignment through or around 
various obstacles and hazards calls for the use of certain road prism designs. In addition to these, there are 
special situations that often arise and require special road design considerations. 



• Chapter IV: Design  Handbook For Forest And Ranch Roads 

 

40 

Table 13. Excavated soil volume for full bench roads with various road widths and 
hillslope gradients (yds 3/ft) 

 
Excavated volume to construct a full bench road (assumes ½ : 1 cutbanks) 

(yds3 excavated per ft of road) 
 

 
Hillslope 

gradient (%) 
 Road width 12 feet 

 
Road width 14 feet 

 
Road width 16 feet 

 
Road width 18 feet 

 
30 
 

0.94 
 

1.28 
 

1.62 
 

2.17 
 

35 
 

1.13 
 

1.54 
 

2.01 
 

2.55 
 

40 
 

1.33 
 

1.82 
 

2.37 
 

3.00 
 

45 
 

1.55 
 

2.10 
 

2.75 
 

3.48 
 

50 
 

1.78 
 

2.42 
 

3.16 
 

4.00 
 

55 
 

2.02 
 

2.81 
 

3.60 
 

4.55 
 

60 
 

2.28 
 

3.11 
 

4.06 
 

5.14 
 

65 
 

2.57 
 

3.50 
 

4.57 
 

5.78 
 

70 
 

2.87 
 

3.91 
 

5.11 
 

6.46 
 

75 
 

3.20 
 

4.36 
 

5.69 
 

7.20 
 

 

B. Road prism design 
Road prisms may be designed to be full bench, partial bench (part cut and part fill, including 
designs employing sidecasdng) or full fill (Figure 15). Roads which are constructed without 
endhauling are partial bench roads where spoil generated during initial grading is used to widen 
the roadbed and fill depressions and stream channels crossed by the road. This has been the most 
commonly used construction practice for rural forest and ranch roads. The fill is either placed and 
compacted, or (more commonly) sidecast loosely into the desired location. However, there are 
many circumstances where sidecastmg is no longer acceptable and alternative designs and 
methods are needed and required to reduce environmental impacts and to provide a stable road 
bed. 

Roads may need to be full bench on steep slopes (those over about 60%), in watercourse 
protection zones, or where water quality could be impacted by road work (Figure 16). Full bench 
construction requires that all the spoil generated by cutting into the hillside must be either used in 
filling local stream crossings and low spots in the new road, or endhauled to a stable storage site 
where spoil has no risk of entering a watercourse. 



 

 

Road segments constructed with full fill techniques are somewhat uncommon at the present time, 
but growing in importance. Roads using this technique are usually confined to short reaches 
where slopes are potentially unstable and cuts into the slope could trigger soil movement Full fill 
sections of road are often supported by structurally engineered fills with near-vertical fill faces. 
Full fill road construction is also used where roads cross incised stream channels and the road is
built entirely on fill material. 

Cut-and-fill design: For most forest- and ranch-land owners, use of cut-and-fill road construction 
has been preferred because it minimizes the amount and cost of earth moving. In other words, less 
soil moved generally means less expense (Figure 17). 

Figure 15. Idealized diagrams depicting a full 
bench road (all material endhauled - no 
sidecasting)(top); a partial bench road (with 
both cut and sidecast)(center); and-a full fill 
road (no cut - all fill placed and compacted in 
shallow layers)  (bottom). 
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However, the indiscriminate use of sidecast road construction (the simplest method of cut-
and-fill construction) has probably caused more problems for landowners than any other 
type of road building. Sidecasting construction techniques should not be used on slopes over 
55 percent because this results in fillslopes of about 67 percent, the average angle of repose 
(stability) for most loose soil materials (Figure 18). For this reason, sidecast construction 
should be limited to gently sloping areas where streams are far from the road prism. Cut-
and-fill construction techniques can be used on slightly steeper slopes if proper compaction 
techniques are used. 

Figure 16. Full bench road. 
The height of the cutbank, 
the slope of the natural 
hillslope and the small 
amount of sidecast indicates 
that this road is full bench 
and cut entirely   into   
native hillslope     materials. 
Note that the road is 
outsloped with rolling dips 
and no inboard ditch. 

Figure 17. In contrast to the 
road in Figure 16, this 
partial bench road was built 
by extensive sidecasting. At 
least half the roadbed is 
built on fill materials. 
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In general, cuts should equal the needed fill volume, plus about 20 percent to allow for settling of 
loose fill. That is, the loosened, excavated soil will take up about 20% more space than when it 
was "in-place." During the process of cutting and filling, it is critical to avoid letting sidecast or 
waste material enter streams or watercourses, or placing it on unstable or steep slopes where it 
might erode. 

The angle or steepness of both cut and fillslopes is very important in building stable roads. There 
is a tradeoff in determining the optimum cutslope angle (Table 14). Cutbank slopes should be 
designed to achieve maximum stability as well as a minimum exposure of bare soils. On balance, 
cutbanks should be as steep as the soils and bedrock will permit without becoming unstable. 

Table 14. Advantages and disadvantages of steep cutslopes1 
 

Advantages of steep cutslopes 
 

Disadvantages of steep cutbank 
 

1. Less right-of-way 
 

1. Difficult to revegetate 
 

2. Less excavated material 
 

2. Prone to ravelling 
 

3. Less sidecast 
 

3. Prone to tension cracks and failure 
 

4. Shorter slope exposed to surface erosion 
 

4. Slightly greater risk of a rotational slope failure. 
 

 
1 B.C.M.F. (1991) 

Cut and fillslopes are usually expressed as ratios, such as ½ : 1 or 1:1 (Table 1). Road banks can 
be cut as steep as the stability of the material will permit, ranging from ¼ : 1 for very stable rock 
materials to 3:1 for erodible or unstable soils (Table 15). A general guide for the maximum 
steepness of road cuts in various rock and soil materials is shown below. Note that wet slopes, 
unstable or erodible soils, and highly fractured or bedded rocks may require gentler slope cuts. 

Cut height and cut angle also affect the stability of the final cutslope. Cuts which are stable at ½ : 
1  at a 6-foot height may not be stable when the cut height is twice as high at 12 feet. Higher cuts 
lead to increased gravitational force and reduced stability at the face of the slope. Tall (deep) cuts 
are also more likely to intercept emerging soil water that can weaken the cutslope and cause 

Figure IS. For most earth materials, 
sidecasting on natural slopes over 
about 55% in steepness will result in 
steep, loose, unstable sidecast slopes 
that are easily eroded or prone to 
sliding. The face of a sidecast slope 
should not exceed about 67%, the 
maximum angle of stability for most 
uncompacted, sidecast soil material. 

failures that block the road or result in persistent ditch and roadbed maintenance problems. 



• Chapter IV: Design  Handbook For Forest And Ranch Roads 

 

44 

Table 15. Generalized maximum cut and fill steepness for different earth materials 

 
Slope ratio 

 
Earth material 

 
¼ to l 

 
Rock cuts 

 ½ to l 
 

Hardpan & soft rock cuts 
 

¾  to 1 
 

Clay 
 1 to l 

 
Clay, sandy or gravel alluvium 

 
1 ½ to 1 

 
Fillslopes, lake deposits 

 
2 to l 

 
Unstabilized, uncompacted soil 

 
3 to l 

 
Unstabilized soil 

 
Near vertical to sloping: use only where such cuts are 

working locally 
 

Some sandy or granitic soils; some hard bedrock 
exposures 

  

Fillslopes can be built to a variety of angles depending on the properties of the material used, the amount of 
properly applied compaction, soil moisture and the type and density of vegetation that is established on the 
surface. In general, thick accumulations of loose, dry, side-casted soil that is not compacted will not usually 
hold a slope over about 65 percent, whereas many fill materials that are placed and properly compacted in 
thin, 1-foot layers may be stable at slopes well over 1 ½ to 1 (67%). While a thin veneer of sidecast may 
hold on a slope steeper than 65%, a thick wedge of loose sidecast may not be stable even at a 50% slope 
(Figure 19). Stable road fills can be built on moderate and steep slopes by using layered compaction 
methods. Here, a bench is excavated at the base of the proposed fill, and layers of compacted soil are built 
up on this stable bench. The stability of the fill can be further increased by starting with an insloped bench 
that helps "key" the fill to the slope. 
 
Figure 19. Overloading steep slopes with uncompacted sidecast material can result in landsliding  
that  damages streams hundreds of feet downslope(B.C,M-F.,1991). 

In critical areas, engineered fills that utilize reinforcing fabrics 
or other internal supports can be constructed with nearly vertical 
faces. These are especially useful in short road sections where 
other fills would be unstable or erode and sediment could enter
a  watercourse. In such cases, it may be necessary or prudent to 
employ a geotechnical engineer to design a stable cut and fill 
road. Depending on the stability of the cutslope rock and soil 
materials, it may be simpler and cheaper to construct a 
full bench road where all the excavated material is simply 
endhauled off-site and deposited in a stable storage site. 
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C. Road surface design 
Road surface design is really road surface drainage design, and should be chosen based on both 
maintaining safety for the intended uses and minimizing erosion and sediment pollution in 
streams. Road surfaces can be designed as insloped, crowned, or outsloped. It is critical to 
properly design road surfaces to minimize erosion from the road bed, ditch, cutbank and fillslope 
surfaces. 

1. Insloped and crowned roads 

Insloped and crowned roads drain surface runoff to the inside of the roadbed, often into a ditch, 
where it is combined with flow from the cutslope and upslope hillside areas and discharged 
through culverts. Insloped roads are often used where an inside ditch is needed to keep soil water 
emerging from the cutslope off the road surface (Figure 20). To keep ditch flow to a minimum, it 
is also possible to build an outsloped road with an inside ditch to carry away water from the 
cutbank and from upslope areas. Crowned roads drain water both ways from the center of the 
road, but an inside ditch is still required. 

Well constructed and maintained ditches are a real key to long-term stability of an insloped road. 
Backhoe and excavator constructed ditches are often superior to bladed ditches built by a 
bulldozer or grader because they can be cut out of the subgrade rather than gouged into the 
cutbank. The ditch cross section should be designed to accommodate expected storm flows, with 
the base of the ditch at least 12 inches below the roadway in order to prevent water from entering 
the road surface material and removing the fines. A relatively deep ditch also allows for faster 
drainage of the subgrade and helps maintain high soil strength. 

Ditch gradients on insloped roads should be steep enough (generally over 1.5%, and ranging from 
2% to 6%) to prevent sediment deposition and allow rapid drainage, but not so steep as to result 
in ditch erosion. When inside ditches are used, frequent ditch relief culverts should be installed to 
minimize the concentration of runoff in the ditch and to disperse runoff to downslope areas. It is 
recommended that a minimum 18 inch diameter pipe be used for ditch relief culverts. A general 
rule-of-thumb is to install the culvert at a grade 2% steeper than the ditch grade, and to skew the 
culvert at a 30° angle to the ditch line to minimize inlet erosion and to transport sediment through 
the culvert. Culvert outfalls should be protected with slash and/or rock armor to prevent erosion 
of the fill. Where sedimentation at the inlet occurs because of over-steepened cutbanks, drop 
inlets can be installed to prevent culvert plugging. On steep roads over about 10%, even small 
volumes of ditch flow may have high enough flow velocities to cause erosion of the ditch. In this 
case, it may also be necessary to armor the ditch to prevent erosion. 

The capacity of ditches should also be planned and designed to accommodate flood flows from 
large storms. If stream crossing culverts along the road are designed to accommodate a 50-year 
flood flow, the ditches should probably be designed to the same standard. Flat-bottomed ditches 
(which are easily cut by backhoes and excavators) are less subject to scour than V-bottom ditches 
that are commonly created by bladed tractors and graders. A 1-2 foot bottom-width is 
recommended. 
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2. Outsloped roads 

Outsloped roads are typically less expensive to construct and less difficult and expensive to 
maintain than insloped roads. For example, building a 12-foot wide insloped road with a 3-foot 
wide inside ditch requires moving almost 60 percent more material during construction than if the 
road were outsloped with no ditch (Table 13). Clearly, if conditions permit, roads should be 
constructed with an outsloped surface, no ditch and no berms along the outside edge of the road. 

Outsloped roads also disperse and drain runoff along the entire outside edge of the road. Rolling 
dips and a smooth road surface are key to maintaining a well drained, outsloped road. The 
frequency of rolling dips and grade breaks, and the amount of "outsloping" needed to drain the 
road surface, depends on the grade of the road, as well as the road surfacing. Table 16 shows 
design criteria for the degree of outsloping needed to drain road surfaces on differing grades. 

Table 16. Outsloping "pitch" for roads up to 8% grade 1 
 
Road grade 
 

Outslope "pitch" for unsurfaced roads 
 

Outslope "pitch" for surfaced roads 
 

4%, or less 
 

3/8" per foot 
 

1/2" per foot 
 

5% 
 

1/2" per foot 
 

5/8" per foot 
 

6% 
 

5/8" per foot 
 

3/4" per foot 
 

7% 
 

3/4" per foot 
 

7/8" per foot 
 

8%, or more 
 

1" per foot 
 

1 ¼ " per foot 
 

 
1 CDF(1984) 

Where fillslopes are stable, roads should be designed and constructed with minimum width and 
with a mild outslope (3-4%) (Figure 20). However, on most roads, especially those with grades in 
excess of eight percent (8%), outsloping is not always enough to get surface flow off the road 
quickly. Here, in addition to outsloping, waterbars (for seasonal or temporary roads) or rolling 
dips (for permanent and seasonal roads) are necessary to divert surface runoff. 

Waterbars and rolling dips should be spaced along the road close enough together that the road 
surface is not gullied. It is important to use rolling dips, rather than waterbars, on roads with even 
infrequent use because traffic will quickly break down and/or breach the waterbars (Figure 21). 
Waterbars should be reserved for roads that are to have little or no winter use. 

Appropriate spacing of surface drainage structures depends on soil credibility and runoff rates. 
Look at local roads to determine the maximum spacing that will work in your specific area. 
Suggested design criteria for drainage spacing (waterbars and rolling dips) is listed in Table 3 
and, alternately. Table 17. Design dimensions for rolling dips are shown in Table 18. 
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Figure 20. Outsloped road with no ditch (top), and 
insloped road with the ditch open (bottom).  
Outsloped roads are generally preferred because 
they disperse and drain surface runoff across the 
outer edge of the road prism. Insloped roads collect 
and concentrate road runoff into an. "inboard" ditch 
that is drained across the road in ditch-relief 
culverts. Outsloped roads are superior except where 
seeps and springs necessitate short segments of 
inboard ditch to collect and remove runoff. 

Figure 21. Installing rolling dips, or "rolling the grade" of an outsloped 
road helps guarantee that surface runoff will not concentrate on the road 
surface and erode the roadbed. 
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Table 17. Maximum suggested road surface drainage spacing based on road gradient 
and soil composition1 
 

Road gradient (%) 
 

Soil composition 
 

2% - 4% 
 

5% - 8% 
 

9% -12% 
 

Granitic or sandy 
 

400 
 

300 
 

200 
 

Clay or loam 
 

500 
 

400 
 

250 
 

Shale or gravel 
 

600 
 

500 
 

300 
 

 
1 MSS1,. (1991). Distances used. only to show importance of soil type in influencing drain spacing. Forestry operations are required to employ 

distances outlined in the Forest Practice Rules (Table 3) as a minimum. 

Table 18. Table of rolling dip dimensions 1 
 
Road grade 
(%) 
 

Upslope approach2 

(distance from up-road start 
of rolling dip to trough)(ft) 
 

Reverse grade2 (distance 
from trough to crest) (ft) 
 

Depth below average 
road grade at discharge 
end of trough2 (ft) 
 

Depth below average 
road grade at upslope 
end of trough2 (ft) 
 

<6 
 

55 
 

15-20 
 

0.9 
 

0.3 
 

8 
 

65 
 

15-20 
 

1.0 
 

0.2 
 

10 
 

75 
 

15-20 
 

1.1 
 

0.1 
 

12 
 

85 
 

20-25 
 

1.2 
 

0.1 
 

>12 
 

100 
 

20-25 
 

1.3 
 

0.1 
 

 
1 USDA-SCS(198l) 
2 See also Figure 28 

D. Subdrainage requirements and design techniques 
Subdrainage is used to carry subsurface or emergent subsurface water from the roadway. Seepage 
can occur along the cutbank, beneath the roadbed and/or beneath the road fill along the outside 
edge of the road. This can cause several problems if subsurface water is not drained from the road 
prism and construction area, including 1) excessively wet fills and subgrade materials, leading to 
road surface rutting or the need for large quantities of rock as base-course, 2) cutbank slumping, 
3) mass wasting of the fill due to unrelieved pore water pressures, and 4) continual mud pumping 
at the road surface, leading to failure of the surfacing and the need for regular re-surfacing. 

Use of special subdrainage measures is not typically required on forest and ranch roads. However, 
when needed, some relatively simple techniques can be used to get rid of water (Figure 22). 
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Ditches and French drains excavated along the inside edge of the road, at the base of the cutbank, 
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are common methods of draining emergent, upslope ground wa^er. Horizontal drain pipes can be installed 
to drain water from the cutbank, but this stabilization technique is expensive and not always effective. 

Figure 22. Roads which are built across small springs or seeps can be kept dry and stable 
by the use of subsurface drainage techniques. Drainage blankets (a) and "french" drains 
(b), using graded rock and synthetic fabrics (geotextiles), are two common methods for 
draining subsurface soil and rock materials. Figure lie details a close-up of the modem 
french drain design using a geotextile lining (B.C.M.F., 1991). 

If the roadbed crosses an intermittent or perennial spring, soils 
beneath the road surface may need extra drainage. For water which 
will emerge beneath the road, gravel drainage blankets can be used 
to drain the water laterally to the toe of the fillslope. Filter fabrics 
(geotextiles) are used to maintain separation between the native 
hillslope materials and the I gravel. Where fills are thin, and where 
surfacing is placed directly on native soils, geotextiles can also be 
used at the base of the subgrade to maintain soil separation and 
prevent soil pumping into the surfacing materials. 

E. Landing design and layout 
Log landings built along forest roads vary tremendously in size 
and frequency from one landowner to the next, but their design 
requirements differ lime from other sections of a road system 
(Figure 23). Newer, mobile cable yarding machines can operate 
on narrow sections of road, with lime more than a turnout 
required for their swing. Other yarders, including towers, may 
require an entirely separate "yarder pad" be constructed on a spur 
road above the main haul road where logs are landed and then 
loaded onto trucks. However, such large yarding machines are 
becoming less commonplace. 

Tractor yarding requires moderate size landings that, over the years, often grow larger than 
needed as spoil and debris is carried down the converging skid trail network and then sidecast 
over the outside edge of the landing. 

The frequency of landings that need to be constructed is controlled, or influenced, by the type of 
yarding equipment, the slope of the land and the density of harvestable trees along the route. For 

 

 

 
French drain 
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example, on very steep slopes, stable landings might only be constructed on broad ridge crests. In 
general, landing construction should be limited to the fewest number and smallest size that 
are absolutely needed for yarding operations. 

 

Landing fills that are placed on steep slopes or near watercourses should be "keyed" or benched 
into the hillslope and compacted in shallow (1 foot) lifts from the bottom up. Sidecasting should 
be avoided. In addition, older landings which are being rebuilt or reused should not be 
enlarged by sidecasting of spoil or organic debris. Where roads are located far from the 
stream, maximum hillslope gradients for building small landings using sidecasting methods 
should be the same as for road construction: about 55 percent. It is recommended that keyways or 
benches be constructed for catching sidecast and fill where landings are built on slopes steeper 
than about 40%. 

The following terrain conditions should be avoided as sites for landings: 1) unstable slopes and 
soils, 2) open slopes steeper than 30 degrees (55%) with no natural benches, 3) steep headwater 
swales and inner gorge slopes, 4) narrow ridges between headwater swales, 5) any steep slopes 
(>50%) which led without flattening to a watercourse and 6) areas underlain by steeply dipping 
sedimentary rock or highly fractured rock. 

Constructing full benches for landings on steep slopes produces tremendous volumes of spoil 
material. Although full benching might be necessary so that fills can withstand equipment 
vibrations and weight loads, spoil that is disposed of as sidecast can destabilize the hillside 
below. Gully headwalls and swales are already naturally unstable sites and have little room for 
landing debris. Sidecasting into these steep headwater swales can trigger debris flows and 
torrents (Figure 24). Although steep, narrow ridges adjacent these steep headwater channels 
provide good deflection for yarding, the sides of these ridges are often unstable and unsuitable for 
sidecasting. 

Figure 23. Landings should be 
built on the nose of ridges and 
above the break-in-slope 
defining the steep inner gorge 
slopes above a stream channel. 
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F. Special design considerations 
In both the forest and ranch-land setting, special design considerations may be required where 
roads cross unstable slopes, wet areas, watercourses and other potential hazards or obstacles. 
Some of these might involve using new, state-of-the-art subdrainage materials and methods. 
Other special designs may simply involve the application of time tested methods of equipment 
exclusion, excavation, endhauling, bridge installation, road surfacing or additional requirements 
to provide increased protection to water quality. Guides for special road design are often available 
from private geotechnical firms specializing in road construction, or from suppliers of materials 
and supplies used in erosion control and road engineering. 

Converging roads on steep slopes is one special case of road construction that commonly 
produces erosion and sediment problems. In this situation, a lower road may undercut and remove 
support for the upslope road. In addition, sidecast from the upper road can extend downslope to 
the lower road, with continuing sidecast from the lower road then extending the blanket of bare 
soil downslope even farther. These bare soil areas are notably difficult to stabilize and revegetate. 

The best planning and design solution for converging roads is to locate road junctions on gentler 
slopes, or to plan for them to occur on broad ridges separating steep gradient slopes. If steep 
slopes cannot be avoided, it is recommended that the upper road be constructed as a full bench 
road with all spoil endhauled to a stable location, and the lower road be built with an engineered 
fill to limit uncontrolled sidecasting. The road junction should be located sufficiently far upslope 
from watercourses such that water quality will not be affected. Full bench construction with 
endhauling, or other creative engineering solutions that minimize sidecast, may be designed for 
these "unavoidable" settings where the potential for sedimentation or slope failure is relatively 

Figure 24. Recent research has shown that many destructive 
debris flows and debris slides caused by the construction of 
wildland roads occur at specific sites on the hillside. The most 
sensitive sites, and therefore those to avoid during road 
construction, are steep inner gorge slopes, steep headwater 
stream areas, and steep slopes immediately below a convex 
bread-in-slope. 

high. 
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G. Equipment needs for construction and reconstruction 
Construction is the application or implementation of road design on the ground. How well the 
design is followed during construction depends both on the skill and understanding of the 
equipment operators and the type and size of heavy equipment used for each task. For example, 
constructing a full bench road with endhauled spoil material requires suitable excavating 
equipment. A tractor will not work, especially on moderate or steep slopes. Similarly, without a 
skilled equipment operator, there is a much higher chance of making expensive mistakes or 
causing environmental damage. 

In steep or mountainous areas, it is often a serious mistake to design the road around the 
types of equipment you own or have to work with. Roads should be designed for stability as 
a primary concern, and then constructed using the types of equipment called for by the road 
design and the environmental setting. Similarly, operators should be used who are experienced 
with the equipment and with implementing similar design requirements. 

The bulk of road reconstruction may consist of vegetation removal and grading performed by 
tractors on abandoned roads that have been overgrown for many years. As with road construction, 
however, it is very important to use the proper types of heavy equipment when the more 
complicated situations are encountered (Table 19). Thus, excavating equipment is often specified 
for road reconstruction, especially where the old road has been built next to a stream or within a 
watercourse protection zone (Figure 25). Where stream crossings have partially or completely 
washed-out, hydraulic excavators may be needed to reinstall upgraded culverts and to place and 
compact fill. Loaders and dump trucks may be needed for spoil removal where the road is 
blocked by cutbank failures. 

 

Figure 25. Perhaps the most 
versatile of road building 
equipment today is the hydraulic 
excavator. Low impact roads 
can be built quickly and 
efficiently using this now-
common type of earth moving 
equipment. Roads constructed 
exclusively using bulldozers to 
cut-and-sidecast soil material 
are best confined to hillslope 
gradients less than about 35 
percent and to areas where 
incised stream channels are not 
common. 
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Table 19. Settings and equipment combinations suitable for various types of road 
construction methods. 
 
Generic road type 
 

Hillslope characteristics 
 

Typical equipment types 
 

Gentle (<35%); stable, far 
from streams 
 

tractor; grader; water truck 
 

Moderate (<55%), stable, far 
from streams 
 

excavator and tractor, or tractor; grader; water 
truck 
 

Sidecast (cut-and-sidecast) 
 

Moderate (<55%), close to 
stream 
 

excavator and tractor; grader; water truck 
 

Gentle (<35%) 
 

excavator and/or tractor; grader; water truck 
 

Cut-and-fill (with compaction) 
 

Moderate to steep (35-55%) 
 

excavator, or excavator and tractor; grader; water 
truck 
 

Full bench (cut) 
 

All slopes 
 

excavator, dump trucks, some tractor, grader, 
water truck 
 

Temporary fill (cribbed) 
 

Moderate to steep 
 

excavator and tractor 
 

Reconstruction 
 

All slopes 
 

excavator, tractor; loader; dump trucks; grader 
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CHAPTER V: DRAINAGE 

A. Introduction to road drainage 

It is impossible to over-emphasize the importance of drainage in maintaining stable roads 
and protecting water quality. Roads should be designed and constructed to cause minimal 
disruption of natural drainage patterns. Provisions for two components of road drainage should be 
included in every road project: 1) road surface drainage (including drainage which originates 
from the cutbank, road surface and fillslope) and 2) hillslope drainage (including drainage from 
large springs, gullies and streams which cross the road alignment). 

B. Road surface drainage 
Road surface drainage is accomplished by insloping, outsloping or crowning the roadbed. 
Without adequate cross-slope, the road surface will either pond water, or concentrate runoff down 
the roadbed and create surface erosion. Roads with springs along the cutbanks are often insloped 
with an inside ditch, roads with smaller cutbanks or dry cutslopes may be outsloped for most of 
their length, and some larger roads are crowned to most rapidly drain runoff from their surfaces. 
For seasonal roads, insloping can occur with or without an inside ditch. 

1. Outsloped roads 

It is generally recommended that most forest and ranch roads be constructed as single lane 
(minimum width), outsloped roads with minimal cut-and-fill, where conditions are suitable 
(Figure 26). These roads are likely to cause the least disturbance and soil movement, create less 
environmental impact and have lower maintenance costs than other designs. All-season roads 
built high on the hillside, or wherever the surface can be kept dry, can generally be outsloped. 
Conditions that might limit road outsloping include, 1) steep road grades (which may make 
adequate outsloping difficult), 2) winter use of an unsurfaced road (snow or muddy conditions on 
a steep, outsloped road may be hazardous), or 3) upslope runoff or excessive spring-flow from the 
cutbank or road bed (which makes an inside drainage ditch necessary). 
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Even on roads which are outsloped for much of their length, some sections can be insloped to deal 
with local conditions. For example, short sections of insloping, in combination with an inside 
ditch, can be used to drain local wet areas. The road can be either insloped or outsloped through 
stream crossings. Finally, while some wet cutbanks may require the construction of an inside 
ditch (or French drain) for drainage, the roadbed itself may still be a worthy candidate for 
outsloping. Outsloping will minimize flows in the inside ditch and reduce the potential for erosion 
and sediment delivery to the next culvert 

On climbing (or falling) roads, the road surface can be drained using rolling dips or waterbars. 
Rolling dips are smooth, angled depressions constructed in the roadbed (Figure 27). Dips should 
be constructed deep enough into the road subgrade so that traffic and subsequent road grading 
will not obliterate them. Their length and depth should provide the needed drainage, but not be a 
driving hazard. 

Figure 26. Well built 
outsloped road displaying 
minimum cut, smooth free 
draining surface, no outside 
berm and rolling dips to help 
disperse surface runqff. 
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In general, broad rolling-dips are built at a 30 to 45 degree angle to the road, with a cross grade of 
at least 1 percent greater than the grade of the road. Some are built nearly perpendicular to the 
road alignment. They are built with a long, shallow approach on their up-road side and a more 
abrupt rise or "lip" on their down-road side (Figure 28, Table 10). They are usually used on 
outsloped roads to drain road surface runoff to the outside of the road, but may be built on either 
insloped or outsloped roads to drain in either direction. Rolling dips should be placed at intervals 
frequent enough to prevent road surface rilling and erosion (Tables 3 and 17), yet broad enough to 
permit uninterrupted vehicle travel. They may be designed and constructed into new roads, or 
they may be built into older, existing roads that are being reconstructed. 

Figure 27a. Rolling dip 
constructed on a rock surfaced 
forest road (a). The rolling dip 
represents a change-in-grade 
along the road alignment and 
acts to discharge water that 
has collected on or is flowing 
down the road surface. 

Figure 27b. A side view (b) 
shows that the rolling dip does 
not have to be deep to reverse 
road grade and drain the road 
surface. 
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Figure 28. The up-road approach to the rolling dip (B) is 
several percent steeper than the approaching road and 
extends/or 60 to 80 feet to the dip axis. The lower side of the 
structure (A) reverses grade over approximately 15 feet, and 
then falls down to rejoin the average road grade. It must be 
deep enough that it is not obliterated by normal grading, but 
not so deep that it is difficult to negotiate or a hazard to normal 
traffic. The outward cross-slope of the dip axis should be at 
least 1% greater than the original road grade so it will drain 
properly. 

 

Waterbars (also called waterbreaks) can also be used to drain a road surface. These are shallow, 
abrupt excavated dips or troughs with an adjacent, downslope hump or mounded berm, that are 
built at an oblique angle across the road. Waterbars are useful only on low standard seasonal 
or temporary, unsurfaced roads where winter use will not occur, because traffic easily cuts 
through the soft berm and fills the adjacent dip. Waterbars should be constructed at proper 
spacing according to the grade of the road (Figure 29; Tables 3 and 17). Waterbars are usually 
regraded (smoothed out) at the beginning of each operating season, and then reconstructed at the 
beginning of each winter period. 
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Waterbars are high maintenance drainage structures that are prone to failure if not properly built 
and maintained. Unauthorized winter traffic is likely to break down waterbars and result in serious 
road surface erosion and water pollution. 

On outsloped roads, a narrow berm can be locally constructed along the outside edge of the road 
to divert road runoff away from erodible fillslopes (Figure 30). This technique of road surface 
drainage control may be used where road fills are especially steep, erodible or located close to 
watercourses, such as at stream crossings. Collected runoff can then be funnelled to protected 
areas or discharged across the fill through a fabricated, sheet metal berm-drain that is located at a 
designed break in the outside berm. This practice, however, adds a high risk and high maintenance 
feature to an otherwise low-maintenance drainage design. Unfortunately, repeated annual grading 
on many wildland roads has created widespread outside road berms that collect road surface 
runoff and create rill and gully erosion on roads and fillslopes. Generally, outsloped roads 
should not be built with outside berms. 

Figure 29. Waterbars are constructed on 
unsurfaced forest and ranch roads that will have 
little or no traffic during the wet winter period. 
The waterbar should be extended to the cutbank 
to intercept all ditch flow (I) and extend beyond 
the shoulder of the road. A berm (2) must block 
and prevent ditch flow from continuing down the 
road during flood flows. The excavated waterbar 
(3) should be skewed 30° to the ditch-line with the 
excavated material bermed on the downhill grade 
of the road (4). Water should always be 
discharged onto the downhill side on a stable 
slope protected by rip rap or vegetation (5). The 
cross ditch depth (6) and width (7) must allow 
vehicle cross-over without destroying the function 
of the drain (B.CM.F., 1991) 
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Open top box culverts can also be used to drain the road surface, but they may fill with soil and 
rock, are difficult to grade over, and require higher levels of maintenance. Recently, experimental 
rubber-waterbars have been installed on forest roads in Oregon. These structures are located in 
the same position and orientation as dug waterbars. Their base is buried into the roadbed, and a 
thick, stiff rubber flap sticks up above the road surface to capture and direct surface runoff. The 
flap bends down as vehicles pass over the waterbar and then immediately springs back to deflect 
runoff. Unlike the dug waterbar, which tends to break down with continued vehicle use, the 
rubber waterbar should remain functional in traffic. The rubber waterbar will be most useful on 
rocked roads or on seasonal roads where frequent road grading is not necessary. 

2. Insloped roads with ditches 

Insloped roads should be constructed only where road surface drainage discharged over the 
fillslope would cause unacceptable erosion or discharge directly into stream channels, where 
fillslopes are unstable, or where outsloping would create unsafe conditions for use. It is generally 
preferable to outslope road surfaces in order to disperse road surface runoff before it has a chance 
to concentrate. 

Insloped roads should be built with an inside drainage ditch to collect and remove road surface 
runoff (Figure 31). Roads steeper than about 8 percent may be too steep for an inside ditch 
because of the potential for gullying in the ditch. Inside ditches should also be drained at intervals 
sufficient to prevent ditch erosion or outlet gullying, and at locations where water and sediment 
can be filtered before entering a watercourse. "Filtering" can be accomplished by thick 
vegetation, gentle slopes, settling basins, or filter windrows of woody debris and mulches placed 
and secured on the slope. 

Figure 30. Short road reach 
where a soil berm has been 
constructed along the outside 
edge of the road prism, to 
prevent surface runoff from 
flowing over the highly erodible 
fill. To prevent the road surface 
from accumulating too much 
runoff and eroding, the berm 
can be intermittently breached 
and a wooden or sheet metal 
berm-drain used to carry runoff 
dawnslope past the base of the 
erodible fillslope. 
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Figure 31. Rock surfaced, insloped road with  an inboard ditch. 
A ditch relief culvert carries ditch/low beneath the road at 
location "A." 

 
 
As with outsloped roads, steep insloped 
road surfaces may be difficult to quickly 
drain. Rolling dips (for permanent, 
surfaced roads and seasonal roads) or 
waterbars (for seasonal or temporary, 
unsurfaced roads) should be constructed at 
intervals sufficient to disperse road surface 
runoff from steep road segments (Tables 3 
and 17). 

Ditches and culverts need occasional 
maintenance to operate correctly and to 
carry the flows they were designed to 
handle. The most important type of 
maintenance is annual and storm period 
inspections which can prevent small 
problems from growing into large failures. 
When ditches become blocked by cutbank 

slumps, they need to be cleaned and the spoil deposited in a stable location. However, excessive 
maintenance (mostly grading) can cause continuing and persistent erosion, sediment transport and 
sediment pollution to local streams during storm runoff. It may also remove the rock surfacing. 

Ditch relief culverts should be designed and installed at intervals along the road that are close 
enough to prevent erosion of the ditch and at the culvert outfall 1, and at locations where 
collected water and sediment is not discharged direcdy into watercourses (Table 20). On new 
roads, ditch flow should be culverted and discharged into buffer areas and filter strips before it 
reaches a watercourse crossing (Figure 32). Ditches should neither be discharged directly into the 
inlet of a watercourse crossing culvert, nor should ditch relief culverts discharge into a 
watercourse without first directing flow through an adequate filter strip. In addition to installing 
ditch relief culverts on either approach to watercourse crossings (Figure 32), it is also advisable to 
consider installing ditch drains before curves, above and below through-cut road sections, and 
before and after steep sections of the road. 

1 California's Forest Practice Rules do not prescribe the maximum or proper distance between inside ditch relief 
drains. Instead, they state that adequate drainage must be provided. Indicators of inadequate relief drain spacing 
include: 1) gullying of the inside ditch, 2) gullying or sliding of the slope below the culvert outlet of a cross drain, 3) 
direct transport of sediment along an inside ditch to a watercourse, or 4) loss of capacity of culvert cross drains due 
to filling with sediment. 
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Table 20. Maximum suggested spacing for ditch relief culverts1 (ft) 

 
Soil credibility 

 
Road grade (%) 
 

very high 
 

high 
 

moderate  
 

slight 
 

very low 
 

2 
 

600-8002 
 

 
 

 
 

 
 

 
 4 

 
530 

 
600-8002 

 
 
 

 
 

 
 6 

 
355 

 
585 

 
600-8002 

 
 
 

 
 8 

 
265 

 
425 

 
525 

 
600-8002 

 
 
 10 

 
160 

 
340 

 
420 

 
555 

 
 
 12 

 
180 

 
285 

 
350 

 
460 

 
600-8001 

 
14 
 

155 
 

245 
 

300 
 

365 
 

560 
 

16 
 

135 
 

215 
 

270 
 

345 
 

490 
 

18 
 

118 
 

190 
 

240 
 

310 
 

435 
 

 
1 Adapted from Transportation Handbook USDA Forest Service, R-6, 1966. Culvert spacing may be too great in locations where ditch runoff is 
accumulated and discharged onto steep hillslopes that are prone to gullying. Spacings are designed to control ditch erosion, not culvert outfall 
erosion, and are based on 25-year storm and precipitation rate of 1-2 in/hr for 15 minutes. If less, multiply by the intensity 0.50, 030, etc. If 2-3 
in/hr, divide distance in table by 1.50; if3-4 in/hr, divide by 1.75; and if 4-5 in/hr, divide by 2.00. The U.S. Forest Service also publishes abundant 
information on preventing and controlling gully erosion below culvert outfalls.  

2 Even with stable ditches, ditch relief culvert spacing greater than about 600 to 800 feet is generally not recommended due to the large volume of 
road surface and cutslope runoff that would be discharged through the culvert and onto lower slopes during peak runoff periods. Culvert outlet 
erosion may occur with less than 800 feet of contributing ditch line, so observe local conditions to determine the upper limit of acceptable spacing 
in your area. 

Figure 32. Where a road approaches a stream 
crossing (B), ditch flow should be adverted across the 
road (A, D) and discharged into a vegetative buffer 
that can filter the runoff before it reaches the 
watercourse. If the stream culvert plugs with debris or 
is topped by flood flows, flow will spill over the road 
at the change-in-grade at location "C" and back into 
the stream channel (modified from MDSL., 1991). 
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If a ditch is capable of transporting and delivering sediment to a Class I or Class II watercourse 
during a flood event, it can be said to function the same as a Class III watercourse. It has a bed 
and a bank, and it can transport sediment Ditches which drain directly into watercourse crossing 
culverts should be treated and protected from disturbance and erosion, just as is a Class III 
watercourse. Ditch relief culverts should be installed across ditched roads before watercourse 
crossings so that water and sediment can be filtered before reaching the stream. 

Ditch relief culverts do not need to be large, since they carry flow only from the cutbank, springs 
and a limited length of road surface. In areas of high erosion and/or storm runoff, minimum 
ditch relief culvert sizes should be 18 inches, but ditch relief culverts should never be less 
than 12 inches diameter. Smaller culverts arc too easily plugged. 

Generally, culverts should have a grade at least 2 percent greater than the ditch which feeds it to 
prevent sediment buildup and blockage. Where possible, ditch relief culverts should be installed at 
the gradient of the original ground slope, so it will emerge on the ground surface beyond the base 
of the fill. If not, either the fill below the culvert outlet should be armored with rock, or the culvert 
should be fitted with an anchored downspout to carry erosive flow past the base of the fill. 
Culverts should never be "shot-gunned" out of the fill, thereby creating highly erosive road 
drainage "waterfalls." 

A 10 percent grade to the culvert will usually be self cleaning. The culvert should be placed at a 
30 degree skew to the ditch to improve inlet efficiency and prevent plugging and erosion at the 
inlet (Figure 33). The pipe should be covered by a minimum of 1 foot of compacted soil, or to a 
depth of 30% of its diameter, whichever is greater. Finally, inlet protection, such as rock armoring 
or drop structures, can be used to help minimize erosion, slow flow velocity and settle-out 
sediment before it is discharged through the pipe (Figure 33). 
 

Figure 33. The elements of a properly installed ditch relief culvert. The culvert 
is angled at about 30 degrees to the road alignment to help capture flow and 
prevent culvert plugging or erosion of the inlet area. It is set at the base of the 
fill (ideally) or with a grade slightly steeper than the grade of the contributing 
ditch (but never with a grade less than 2 percent) (USDA-SCS, 1983).
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C. Hillslope drainage (stream crossings) 
Where a road crosses a natural watercourse, provision should be made to carry the water under 
the road. Streams can be crossed with bridges, culverts or fords. Culverts are the most common 
stream crossing structure. Bridges are best for large streams or where there is a lot of floating 
wood and debris in flood flows. Bridges also have less effect on fisheries than other methods. 
Fords work well on small to medium sized streams where there is a stable stream bottom and 
vehicle traffic is light. Compared to a culverted fill, they have the advantage of little fill to wash 
out during flood flows. Unless wet fords are constructed of poured concrete, they are less 
desirable in high traffic areas because continued disturbance to the streambed can cause 
persistent downstream turbidity and fine sediment pollution problems. Dry fords on seasonal 
roads can often be installed and used with minimal impact to the channel system. 

1. Legal requirements 

All private landowners constructing temporary or permanent stream crossings need to obtain 
proper permits and follow applicable laws and regulations of state and federal agencies. Prior to 
conducting road building or timber operations, or to modifying the bed or banks of a stream 
channel for any purpose, it is important to determine the legal requirements of your work. 

Under the provisions of section 1603 of the Fish and Game Code, any activity that would result 
in the diversion or obstruction of natural stream/low, or in physical modification of the bed or 
banks of a stream or lake, is unlawful to perform without first formally notifying the 
Department of Fish and Game. The Department of Fish and Game will act on your 1603 
proposal within 30 days (or sooner), and may request a field Visit to the site and/or propose 
measures deemed necessary to protect fish and wildlife. Permanent or temporary stream crossing 
structures, fords, rip-rapping or other bank stabilization measures, culvert installations, bridges, 
or skidding across temporary crossings are some of the projects which are subject to the 1603 
notification process (Appendix B). 

Forestry operations and road activities near watercourses are also subject to the California Forest 
Practices Act and to rules and regulations developed by the State Board of Forestry and 
administered by the California Department of Forestry and Fire Protection (Appendix C). These 
apply to any forest operation involving commercial wood products. The rules include culvert 
sizing requirements, requirements for removal of temporary stream crossings, limits on 
equipment operations near stream channels, road construction standards, and a variety of other 
road building and erosion control requirements. Information on the Forest Practice Act and Rules 
can be obtained from Ranger Unit offices of the California Department of Forestry and Fire 
Protection. 

Federal and state water pollution regulations are administered and enforced by the California 
Water Resources Control Board, through their Regional Water Quality Control Boards. 
Information about requirements pertaining to road building work can be obtained from the 
Regional Water Quality Control Board with jurisdiction for your area. A wrong choice in stream 
crossing method can result in major damage to both the immediate site and to downstream water 
quality. There are strict legal requirements for protecting water quality. Stop-work orders, clean 
up and repair orders, and penalties for pollution can delay your project and be very expensive. 
Do it right the first time! 
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Ask your local California Department of Fish and Game warden, a forester from the California 
Department of Forestry and Fire Protection, and your Regional Water Quality Control Board 
inspector for assistance and information about requirements for your project. Prevention is always 
the best course of action. 

2. Stream crossing design 

Classifying the stream (Class I, II, III or IV) and the road (temporary, seasonal or permanent all-
weather) is the first step in defining the type of crossing to be installed. Stream crossings should 
be designed for adequate fish passage (where fish could be seasonally present), minimum impact 
on water quality, and to handle peak runoff and flood waters. Stream crossings can be classified 
as either "permanent"2 or "temporary." There are three basic subcategories of both permanent and 
temporary stream crossings: 1) bridges, 2) fords, and 3) culverts. Culverts include not only the 
traditional corrugated metal pipe (CMP), but also "Humboldt" log crossings, and other temporary 
structures that pass streamflow through the road fill. 

The type of crossing facility selected will depend on a number of factors. Each of these elements 
should be considered before selecting the final design or location for the stream crossing 
installation. Design considerations include: 

1)   whether or not fish use the channel at the crossing site, 
2)   whether the crossing will be temporary (used for only a single entry) or permanent (to 

be used for a number of years), 

3)   the type of vehicles that will use the crossing, 
4)   the slope, configuration and stability of the natural hillslopes on either side of the 

channel (soil foundation conditions), 

5)   the slope of the channel bed, 
6)   the orientation of the stream to the proposed road, 

7)   the expected 50- or 100-year flood discharge (i.e., stream size), 
8)  the amount and type of sediment and woody debris that is in transport within the 

channel, 

9)   the installation and subsequent maintenance costs for the crossing, 
10) the expected frequency of use, and 

11) permits and other legal requirements. 
These and other site-specific factors play a role in determining the best crossing location and 
most suitable type of stream crossing to be used. 

2 There is really no such thing as a "permanent" culverted stream crossing. Culverts are subject to a variety of 
processes which guarantee their eventual failure unless they receive periodic and storm maintenance, and they are 
replaced and rebuilt at the end of their normal life span. Metal culvert pipes have a limited life span and will 
eventually wear down and fail. In addition, since culverts are designed to pass a "design flood," a larger flood will 
eventually occur which exceeds culvert capacity and washes out the stream crossing. 
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3. Fail-safe and "fail-soft" drainage designs 

Culverted stream crossings are naturally susceptible to failure. That is why it is somewhat of a 
misnomer to call culverted stream crossings "permanent." In reality, a fill crossing is really an 
earthen dam, placed across a stream channel, that has a small hole (culvert) in the bottom. Plug 
the hole with sediment, vegetation or wood, and the dam will wash out. That's why culverted 
crossings need to be properly designed, constructed and maintained to prevent loss of the fill and 
discharge of large volumes of soil into the stream. 

Washed-out stream crossings are a common occurrence on abandoned, poorly maintained and/or 
improperly designed forest and ranch roads. However, culvert plugging can result in much more 
damage than a washed-out stream crossing fill. If flow from a plugged culvert is diverted down 
the adjacent road (instead of flowing over the fill and immediately back into the stream channel), 
the diverted streamflow can create large gully systems or trigger landslides as it flows over 
nearby unprotected hillslopes. 

Stream crossings with a high diversion potential (DP) occur wherever the road climbs through 
the crossing and one approach slopes away from the stream crossing (Figure 34). If the culvert 
plugs on a crossing with a high DP, backed up flood waters will be diverted down the road 
alignment (Figure 35). If the crossing has no DP, backed up flood waters will flow onto the road 
surface, over the fill and back into the natural channel. The fill may be washed-out, but 
streamflow is not diverted out of the channel and onto adjacent, unprotected roads and slopes. 

 

Figure 34a. Stream crossing with 
diversion potential (a) and with no 
diversion potential (b). In Figure 34a 
streamflow would be diverted down the 
road toward the right side of the picture. 
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A very large number of existing stream crossings on private forest and ranch land have been 
constructed with a high diversion potential (Figure 36). During road reconstruction, these high DP 
crossings should be corrected by constructing a broad rolling dip over or immediately down-road 
from the fill. New stream crossings should be constructed to prevent stream diversion of flood 
overflow if the culvert were to become plugged. This can be done by designing the road to "dip" 
into and out of the stream at the crossing site (a dipped crossing), or by installing a broad rolling 
dip on the down-road side of the crossing, so that flood overflow will be directed back into the 
natural stream channel (Figure 37). Stream crossings on all newly built or reconstructed roads 
should not be constructed in a manner that gives any opportunity for future stream 
diversion. 

Figure 34b. In Figure 34b flow would 
reach the road surface and flow back into 
the channel at location "A," where the 
road changes grade. 

Figure 35. Double culvert stream 
crossing showing the result of a 
stream diversion that  occurred 
during a winter storm. The road 
slopes to the distance at about 5 
percent, so when the culverts 
plugged with debris, water flowed 
down the inboard ditch and 
created the large diversion gully. 
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Stream crossings with no diversion potential are said to be designed as "fail-safe" because a dip 
in the road grade prevents flood flows from ever flowing down the road. Fail-safe stream 
crossings are also said to be "fail-soft" if the dip in the road bed is located over the edge (not the 
center) of the fill, so that erosion from an overflow event will be less likely to erode and wash out 
the entire fill. 

 

Figure 36. Steeply climbing road 
crosses a stream channel without 
changing grade, creating a 
crossing with a high diversion 
potential. 

Figure 37. A gradually 
climbing road changes grade 
over the stream crossing, 
thereby eliminating the 
possibility for future stream 
diversions.  
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4. Stream crossing culverts 

To function properly, culverts should be installed at a stable grade (preferably at or slightly below 
the bed of the original stream channel). It is best for the road to cross at right angles to the stream 
channel, but regardless of the road alignment, the culvert should be placed parallel to the natural 
channel so that the inlet will not plug and flow from the outlet will not erode either of the channel 
banks (Figure 38). 

 

On fish-bearing streams, fish passage must be designed into all watercourse crossings 
(Figure 39). Most obstructions can be prevented if the potential for fish passage is recognized 
during road planning. Culverts should be placed at or slightly below grade (so fish don't have to 
jump up into the culvert). If flows are rapid, the culvert diameter should be increased and the 
culvert grade reduced. Resting pools should be designed immediately below and above the culvert. 
Maintaining a stable stream bottom through the culvert-influenced area is essential. Avoid 
installation of round culverts where fish passage might be difficult. Instead, use either open arch 
culverts or bridges. In order of decreasing desirability, bridges, structural plate arch culverts, 
corrugated pipe-arches, and corrugated round metal culverts can be used for fish passage. 
Bridges should be used on all larger, faster streams (Figure 40). 

Figure 38. Culverts should be aligned with and placed in the 
bed of the natural channel so that flow enters and exits the 
culvert without having to turn (USDA-SCS, 1983). 
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Figure 40. Three common types of stream crossing culverts are 
used in forest-land and ranch-land road construction: A) round 
culvert, B) pipe arch culvert and C) plate arch "culvert." For 
stream crossings where fish passage must be accommodated and 
a bridge cannot be installed, plate arch culverts are preferred.  
Round culverts are the least preferred culverting method where 
fish passage is important. 

 

Debris control structures (trash racks) at culvert inlets, and energy dissipators at culvert 
inlets and outlets, are key components of stable culvert design (Figure 41). The design of 
these protective structures has been varied, and there are as many successful designs as there have 
been failures. Debris control is best obtained by some type of grate or "filtering" structure of 
inclined poles built across the channel just upstream from the culvert inlet Creativity and 
experience can be used to develop a successful design. Drop inlet "trash racks" have proven to be 
effective in trapping debris without allowing the culvert to plug. If constructed incorrectly, 
wooden crib boxes built around the culvert inlet can become clogged with debris and plug the 
culvert, or significantly reduce its capacity to pass flood waters. The most common problem with 
trash racks placed over the culvert inlet is that small debris is often trapped rather than being 
allowed to pass through the culvert. This small debris can clog the trash rack and actually cause 
the inlet to plug. 

Figure 39. Incorrect culvert installation can impede or prevent 
fish passage through a stream crossing. Culvert conditions that 
block fish passage include: A) water velocities too great, B) water 
depths too shallow, C) insufficient resting area or jumping pool 
depth at culvert outlet, and D) culvert outlets that are too high 
above the streambed (Furniss, et.al., 1991). 
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Figure 4la. Trash racks at culvert inlets and energy dissipation at 
culvert outlets are methods of preventing erosion of the stream 
crossing fill. The most effective trash rack is one placed across the 
channel just upstream from the culvert inlet. 

Energy dissipation (rock armor is most 
common) may be needed to prevent high 
velocity culvert flows from eroding the 
channel bed or banks at the culvert outlet. 
Rock should be sufficiently large to resist 
erosion and transport. If the culvert outlet 
emerges mid-fill, a downspout or flume will 
be needed to carry streamflow down past 
the base of the fill and to the natural 
channel. 

Flow capacity is one of the most important factors in stream crossing culvert design. Culverts 
need to be large enough to meet flood-stage requirements, not just normal flows. Stream crossings 
to be built as a part of forestry operations are now required to pass at least the 50-year flood flow 
for that channel, even if they are to remain in the channel through only one winter season. 
However, even a 50-year design does not mean that a culvert will not fail (Table 21). Woody 
debris and sediment transported down a stream channel can also substantially increase the risk 
and likelihood of culvert plugging and failure. Stream crossing design should account for the 
possibility of culvert failure from both overflow and from plugging. 
The Rational Method is one simple technique commonly used for estimating flood discharges 
from small watersheds. This method for estimating the 50-year flood flow, and for determining 
the appropriate culvert size, is included in Appendix A. 
Except for the very smallest of crossings, it is generally not sufficient or adequate to estimate 
(guess) culvert sizes for stream crossings along forest and ranch roads. Most field personnel have 
little personal experience or expertise with which to correctly estimate or visualize a 50-year flood 
flow, and many stream channels may no longer display evidence of the most recent large floods, 
which may have occurred more than a decade ago. 
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Culvert length should also be estimated so that correct quantities of pipe will be available on the 
job site when stream crossings are being installed. Culvert length can be estimated based on the 
slope of the stream channel/hillslope and the designed width of the road. A procedure for 
determining the correct length of culvert needed for stream crossings or ditch relief drains is 
outlined in Appendix E. Culverts that are too short for the crossing cause erosion of the fill and 
severe sediment pollution in the stream channel. 

Figure 4 Ib. Limbs and branches 
floating down the channel are 
caught before they can plug the 
culvert inlet. 

Figure 41 c. Culvert trash racks 
which are constructed right over 
or against the culvert inlet 
should be avoided because they 
can plug and, in turn, prevent 
streamflow from entering the 
culvert inlet. Culverts that are 
not set into the bed of the 
original channel and would 
discharge runoff onto the road 
fill need to be extended with an 
elbow and full round culvert 
extension, or with a flume (in 
this case a half-round culvert) 
past the base of the erodiblefill. 
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Table 21. Risk of Hows exceeding flood design for a culvert 1 

 
Planned useful life of road 

 
Risk of exc eeding 50-year flood flow 

 
1 
 

1% 
 

5  8% 

10 
 

18% 
 

15 
 

27% 
 

20 
 

35% 
 

252 
 

40% 
 

30 
 

45% 
 

35 
 

51% 
 

 
1 WDN.R. (1982) 

2 For example, if you plan on using a road for 25 years before closing or reconstructing it, there is about a 40% chance that pipes designed/or a 
SO-year flood along that road will overflow in that time period. Designing for a 100-year flood flow would reduce the risk of failure to about 22%. 
These figures do not account for plugging by floating organic debris, which would likely increase the risk of plugging and failure considerably for 
some streams. If you feel these risks are too high, use a larger culvert. 

Figure 41d. Culverts and flumes carry high velocity stream flow 
and outlet areas often need to be protected against erosion by 
the use of rock riprap . 
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5. Bridges 

Bridges usually have less an environmental impact than culverted stream crossings. They provide 
much better clearance for extreme floods and floating debris, and bridges are the ideal crossing 
structure for fish passage requirements. The cost of portable bridge installation is now highly 
competitive with the installation of medium to large size culverted (filled) stream crossings. For 
temporary crossings, the quick installation and removal of reusable bridges makes them the 
method of choice for many crossings that would otherwise require extensive filling and re-
excavation. 

Bridges may be temporary or permanent. Temporary bridges can be constructed across a stream 
channel, and then removed upon the completion of operations. Because little soil is disturbed in or 
along the stream channel, the crossing site can easily be returned to its original condition. Railroad 
flatcars are the most common, low-cost alternative to conventional bridge construction used for 
forest and ranch roads. They can also be easily hauled on low-boy trailers from site-to-site and 
require little preparation prior to installation (Figure 42). 

 

Railroad flatcars can also be left in-place and used as permanent bridges. The bridge abutments 
may be made more permanent by the use of precast or poured concrete supports. Other permanent 
bridges can be made out of log stringers (large diameter logs extended across the stream channel) 
or steel I-beams with a driving surface and supporting mechanism. Bridges used for hauling and 
vehicle traffic require an adequate engineering design (Figure 43). 

Figure   42.   Low   cost railroad 
flatcar bridges can be used for  
temporary crossings of incised 
stream channels, or they can serve 
as permanent watercourse 
crossings.  
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Figure 43a. Log stringer bridges   
and   railroad flatcar bridges can 
span •wide channels if they are 
supported with mid-channel 
piers. 

Figure 43b. If possible, it is 
usually best to span the channel  
without   using center supports 
and to build abutments well out of 
the flood zone of the channel. 
Abutment areas exposed to flood 
waters should be armored to 
protect   them   against erosion.    
In   practice, abutments should be 
built up and out of the flood zone 
so they do not restrict channel 
flood capacity. 
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Not every stream crossing is equally suited to bridge installation. Generally, bridges should be 
installed at right angles to the channel with enough clearance beneath the structure to pass the 
design flood flow (including organic debris). Incised stream channels with relatively flat or low 
gradient approaching slopes are well suited to bridges. Because bridges are generally straight and 
fairly narrow, all the turning needed to cross the channel must be incorporated into the 
approaching road segments. Thus, deeply incised stream channels with steep sideslopes may 
require extensive excavation (and endhauling) of the approaches before a bridge can be installed 
across the channel. One method of avoiding some excavation is to install dual, side-by-sidc flatcar 
bridges so that some vehicle turning can be performed on the deck of the bridge, or to utilize 
special construction techniques which allow some turning on the structure (Figure 44). 

 

The simpler, less expensive bridges are usually less than 100 feet long. For example, railroad flat 
cars generally come in standard lengths of about 55 feet and 90 feet. It is important to be sure the 
bridge is able to support the design loads that will be passing over the road. Longer bridges may 
require added superstructure supports, or a center pier to support the extra length (Figure 45). 
Where such complications are present, an engineer should be consulted before fabricating a bridge 
structure. 

Figure 44. This railroad flatcar 
bridge has been structurally 
modified to allow for some truck 
turning on the bridge deck. 
Deeply incised stream channels 
with steep sideslopes would 
require extensive hillslope 
excavation if a straight approach 
was utilized. The underside of this 
bridge can be seen in Figure 65. 
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6. Fords 
Fords work well on small to medium sized streams where there is a stable stream bottom and 
traffic is light. However, "construction" of fords and other unimproved stream crossings on well 
traveled roads should be avoided where water is flowing because of their potential to impact 
water quality. In certain situations, where flash floods, high seasonal flood peaks or floating 
debris are problems, fords may be a practical answer for crossing a poorly incised, shallow 
stream. 
Fords of live streams, called "wet fords," are typically composed of streambed gravels, fill, or 
concrete structures built in contact with the streambed so that vehicles can cross the channel 
(Figure 46). If possible, a stable, rocky (or bedrock) portion of the channel should be selected for 
the ford. Fords can be made of permeable trench drains of coarse cobbles and boulders. Low 
summer flows seep through the fill, and high water discharges flow over the top. During extreme 
events, however, the ford may be completely washed-out. Permeable fords may be a barrier to 
migrating fish and installation will require approval by the Department of Fish and Game. 
Paving fords across live streams may be necessary to maintain water quality if there is to be 
regular traffic. Paving consists of a concrete, slightly dish-shaped slab across the watercourse, 
and a discharge apron or energy dissipator on the downstream side to prevent scour during high 
flows. The structure should be designed to pass both sediment and debris during high flows. 
Unfortunately, concrete fords are often plagued by scour around their edges, leaving the ford 
elevated and impassable. Ford structures are sometimes even moved downstream by large flood 
flows. 
A ford crossing is vulnerable to erosion and can create pollution from several sources. High 
traffic levels and/or high water flows can cause erosion of both natural and artificial streambed 
materials. Material placed in the stream or moved about by vehicle traffic can create a barrier to 
fish migration. Deep water crossings can cause oil products to be released from vehicles as they  

Figure 45. It is important that all 
bridges used to transport   
vehicles   and equipment   be   
properly designed or evaluated 
by a structural engineer before 
they are put into use. This large, 
reinforced bridge was fabricated 
from four railroad flatcars with a 
center pier support that can be 
folded up under the bridge during 
winter flood flaws.  
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pass through a wet ford. Streams with high stream banks require the excavation of substantial 
ramps to get vehicles down to the streambed. These through-cut ramps are often sites of 
substantial surface erosion and rilling that enters the stream during periods of winter rain. 

 

On small, poorly incised, ephemeral or intermittent streams a ford may be needed if there is 
insufficient channel depth to install a culvert. In fact, a rock lined rolling dip with a rock apron 
face is generally desirable to permanent culverts on these swales and small watercourses. Fords 
have the advantage, over culverted fills, of never plugging. 

Fords on small streams should be rock armored to prevent erosion of the road surface and fill 
during periods of runoff. The fill face on the downstream side of the fill can either be protected 
with rock armor or fitted with a large overside drain (berm drain) to prevent erosion. 
Unimproved fords, which consist of a stream channel that has been filled with a substantial 
quantity of soil and left unprotected by armor or surfacing is a hazard to water quality and 
should not be constructed. 

7. Temporary stream crossings 

Temporary stream crossings are used to provide short term access to an area. Temporary crossings 
should be installed wherever a proposed temporary road crosses a Class I, II, III or IV 
watercourse. Any stream channel or water source that would be fitted with a drainage structure on 
a permanent road should receive a temporary drainage structure on a temporary road. The 
structure should be capable of passing the expected discharge of the channel during the season(s) 
that it is to remain in place. If a stream crossing used for forestry operations is to remain in-
place after October 15, it must be designed and constructed to pass flood flows from the 50-
year runoff event. Specific techniques for constructing temporary stream crossings are discussed 
in Chapter VI. 

Figure 46. Wet ford on Class II 
perennial stream. Clean rock 
aggregate has been imported for 
the travelling   surface   and 
coarse rock armor protects the 
outer edge of the road bed. It is 
important that rock aggregate 
used in a ford be large enough to 
resist  transport   during winter 
flows. Fords should not be used if 
high winter flows would cut off 
access to inspect and maintain 
drainage structures further out the 
road. 
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For temporary roads, only temporary crossings are acceptable. Dry fords that are removed 
following operations are appropriate for dry channels. For live streams, a more substantial 
crossing is needed. They can be constructed of a variety of materials, including: culverted fills; 
logs (Humboldt crossings); combinations of logs and pipes; straw bales over pipes and logs; and 
temporary log or railroad flatcar bridges. Where channels are wet or incised, temporary culverts, 
temporary log fills or temporary bridges should be used. Log fills (with or without culverts) and 
portable bridges can often be installed, used and removed with little damage to the stream banks 
or channel bed. 

It is important that the original base level of the stream channel be maintained when a temporary 
crossing is removed following operations. For this, a "marker" consisting of several inches of 
straw placed in the bed of the channel is often used to mark the natural channel bed before any 
logs or fill is placed in the channel. Re-excavation of the crossing is then relatively simple. 

A special category of temporary stream crossing is the low water crossing that is often installed 
to provide for summer vehicle traffic across large perennial streams during summer low flow 
conditions (Figure 47). These crossings are typically composed of streambed gravels that have 
been ramped up on both approaches to the low flow channel with one or more culverts used to 
carry streamflow. Only clean gravels are used in its construction and no new soil or fine sediment 
is introduced into the channel. The low flow crossing and culverts are then removed prior to the 
first fall rains which would raise flows in the river. Fish passage should be considered and 
designed into the low flow crossing so that juveniles and adults can pass through the structure. A 
temporary flatcar bridge may be required in some settings. 

 

Figure 47. Summer low-water 
crossing of a Class I perennial 
stream. Coarse, clean streambed 
material has been used to ramp 
up over the flowing water. Two 
culverts have been installed at 
water level to allow for 
uninterrupted flow and the 
migration of young fish. A 
temporary bridge crossing should 
be used where migrating adult 
fish need to pass beneath the 
crossing. Low water crossings 
should be removed before the 
first fall rains. 
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CHAPTER VI: CONSTRUCTION 

A. Introduction to construction 
The construction phase of a road project is when planning and design decisions are carded out on 
the ground. To achieve the intended road standard, and to result in minimal impact to the 
environment, each phase of road construction should be carried out according to the formulated 
plans. Poor execution of plans, no matter how well designed, can result in a poorly constructed 
road that causes serious impact to the watershed and environment Such substandard results are 
most often caused by untrained supervisors or unskilled operators. Thus, the skill and experience 
of supervisors and equipment operators selected to complete the road project will play a large part 
in determining its success. 

Plans and designs may need to be modified during construction as changing conditions are 
encountered in the field. Minor changes in the proposed work can be accomplished in the field by 
experienced supervisors and equipment operators. However, substantial changes in road alignment 
or in road and drainage design should only be made by qualified personnel. 

B. Timing 

While planning, design and field reconnaissance work can be conducted at any time of year, the 
timing of each phase of road construction is critical to a successful project. Roads should be 
constructed during the time of year when the best results can be achieved with the least 
damage to the environment (Table 4). The time varies when each of the activities (clearing, 
grubbing, burning, excavation and grading, compaction, stream crossing installation and 
surfacing) can best be conducted. For example, scheduling road building activities in steep slope 
areas for the drier months can be an effective landslide control measure. 

Clearing (cutting and removal of trees and brush from the right-of-way) can be performed anytime 
weather permits ground crews to cut the vegetation and equipment to pile or yard it to a storage 
site. Often, felling crews will cut vegetation along the alignment up to a month before equipment 
is on-hand to remove the material. Yarding results in soil disturbance and should be limited to 
reasonably dry soil conditions when rain storms are unlikely. Likewise, grubbing (the removal of 
organic material from the soil surface, including stump removal) should only be performed when 
the threat of erosion from the disturbed areas is minimal. 
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Grading (the excavation and creation of the road bench) creates large expanses of bare soil, and 
should therefore be performed only during dry spring, summer or early fall conditions. To 
achieve proper compaction of fill materials used in stream crossings, landings, and along cut-and-
fill road benches, most soils will require adequate moisture. Rocky, coarse-textured soils may be 
placed during relatively dry conditions. Overly dry or very wet, fine textured soils often cannot be 
compacted enough to produce the soil strength needed to support loaded trucks or to remain 
stable on steep slopes. If the soils are too wet, they should be allowed to dry, and if they are too 
dry, they should be watered to achieve adequate compaction. Local problem areas are likcJy to 
be encountered that will need to be treated by drying or watering. An engineer or geologist can 
recognize improper soil moisture conditions by using simple field tests. 

The timing of stream crossing installation is critical to maintaining and protecting water 
quality. Timing is also important to fisheries in many watersheds. Work should be performed as 
quickly as possible during the dry period of summer, when streamflows are at a minimum (or the 
channel has dried up) and there will be minimal soil disturbance and risk of sedimentation. 

All road construction activities, including the installation of stream crossings and erosion control 
work, should be completed before the onset of the rainy period (October 15 for forestry 
operations). Final grading and proper installation of road drainage structures are critical to 
keeping erosion from the new road to a minimum during the first winter. Likewise, all temporary 
stream crossings should be removed and all erosion control measures installed before the winter 
begins. There are additional rule requirements in effect for forestry operations conducted anytime 
during the winter period. These include developing a "winter period operating plan" that includes 
the details of proposed landuse and erosion prevention activities. For example, the plan may 
require all bare soil areas be adequately drained and protected with suitable erosion control 
measures concurrent with the conduct of timber operations. 

C. Clearing and grubbing 
The road centerline, or the cut and fill staking, should be marked on the ground prior to clearing. 
The upslope and downslope boundaries of the right-of-way should also be flagged or staked to 
mark the limits of vegetation removal for work crews and equipment operators who will be 
performing the clearing. This will help prevent over-clearing. 

Trees and other large vegetation should be felled and bucked. In addition to right-of-way 
clearing, hazardous snags and unsafe trees should also be felled at this time. Trees and shrubs  
should be left growing at the base of the proposed fillslopes, and the right-of-way should be 
kept to the minimum width necessary for the planned use of the road. 

During grubbing of the surface, stumps should be removed from within the road prism and 
anywhere fill or sidecast material will be deposited (Figure 48). Mixing stumps and other 
vegetative debris into the road fill should always be avoided because the voids which form 
when the wood decomposes reduce the stability of the fill. Fine slash and small limbs are usually 
not a problem, but all chunks, logs and slash over approximately 3 inches in diameter and 3 feet 
in length should be removed and safely disposed. For slopes over 35 percent in gradient, (the  
organic layer on the soil surface should be substantially disturbed or removed prior to fill 
placement or sidecasting. 
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Cull logs and coarse slash can be piled in a row ("windrow") parallel to the road at the base of the 
proposed fill. When performed ahead of road construction, this practice can effectively control 
sediment movement from sidecasting and provide an economical, environmentally sound way of 
roadway slash disposal. This is especially useful when the road is being built near a stream 
channel. The height, width and length of these slash piles should be limited to allow for wildlife 
migration through the road corridor. 

If an excavator is used to perform clearing and grubbing work, merchantable logs can be placed 
on top of windrowed slash piles for collection and loading when the road is passable to yarding 
equipment and log trucks. This practice reduces yarding costs. If some of the accumulated slash is 
to be burned, state fire regulations must be followed and permits obtained from the California 
Department of Forestry and Fire Protection and/or your local fire department. 

D. Grading and compaction 
Most forest and ranch roads are built by excavating a road bed out of naturally sloping ground. 
Thus, grading is when the bulk of soil excavation and disturbance occurs. For a given road 
width, the steeper the ground the greater will be the volume of soil that is excavated or 
displaced during road construction (Table 13). Road design and layout (flagging and stakes on 
the ground, together with plans and maps to look at) show equipment operators the correct 
alignment and the proper cutslopes and cutslope steepness to be developed along the new road. 
Operators may be asked to either construct roads using sidecasting methods on gentle terrain, to 
use cut-and-fill (with true compaction) on moderate slopes, or to employ full bench construction 
techniques on steep slopes or where the road is near stream channels. 

Figure   48.   Hydraulic 
excavators  are  rapidly 
becoming  the preferred 
equipment for  wildland road 
construction. Here one  is  
grubbing   and clearing the 
alignment for a new forest road. 
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1. Sidecast construction 

In sidecast construction, the bulldozer starts at the top of the proposed cutslope, excavating and 
sidecasting material until the desired road grade and width is obtained. Material is pushed or 
"drifted" in front of the blade to areas where fill is needed (Figure 49). Road fill is used to cover 
culverts, and build up flat or low areas along the alignment. Since fill must support traffic, it needs 
to be spread and compacted as much as is possible to develop sufficient strength. Unfortunately, 
this common method of sidecast or "top-down" road construction does not lend itself to standard, 
engineered compaction methods where fill is placed and compacted in thin layers. 

 
In sidecast construction, much of the spoil material moves down the slope below the final road bed 
and cannot be adequately compacted or contained. For this reason, sidecasting construction 
methods are not suitable on steep or moderate slopes near stream channels where loose 
material could saturate during wet weather and slide further downslope. During sidecast 
construction, it is critical to avoid letting sidecast or waste material enter streams or placing 
it where it could erode and be delivered to a watercourse. 

Road construction can increase landslide risk by: 
 
Oversteepening the slope with sidecast material 
 
Overloading slopes by adding sidecast and fill material 
 
Altering hillslope drainage by blocking or redirecting surface or subsurface water movement onto fillslopes or 
unstable soils  
 
Removing material or undercutting the toe of a steep or potentially unstable slope 
 
 

Figure 49. Road constructed by 
cutting and sidecasting. A row of 
slash and organic debris along the 
base of the sidecast slope can help 
catch and filter soil eroded from the 
loose slope. Soil should only be 
sidecast onto gentle or moderate 
slopes that have been cleared and 
grubbed of vegetation, and where 
material cannot be eroded and 
delivered to a stream. 

•  Chapter VI: Construction  Handbook For Forest And Ranch Roads 84



A general rule-of-thumb for moderately and steeply sloping lands is to keep sidecast everywhere 
less than about three feet deep, measured perpendicular to the original ground surface. Within 
about 400 feet of a watercourse, the sidecast should feather out within 30 feet of the road edge. 
This will minimize the risk of shallow landsliding, and of slope failures delivering sediment to 
stream channels. Roads built within a WLPZ, or roads constructed across moderate or steep 
slopes that extend, without significantly flattening, all the way downslope to a stream channel, 
should not have sidecast more than about 1 foot thick and it should feather out within about 10 
feet of the road. 
 

Overloading and oversteepening already steep or wet 
slopes with sidecast material during road construction is 
the single largest cause of road-related landslides. 
Sidecast failures are usually associated with ground 
slopes of 65% or steeper, although springs and seeps can 
cause failures at much gentler slope angles. To avoid 
surface ravelling and severe filling on sliver fills, 55-60% 
is the maximum ground slopes for stable sidecasting. A 
good rule-of-thumb is to not side cast on ground slopes of 
over 55%, and to not develop sidecast slopes exceeding 
about 65%. Road-related failures on lesser slopes occur 
mainly where breakdowns in the road drainage system 
redirect water onto the fillslopes. 

A relatively new, more protective method of "sidecast 
construction" is gaining popularity with many road 
builders. This method utilizes a hydraulic excavator, 
instead of a bulldozer, to pioneer the road bench. The 
excavator is able to cleanly remove slash, stumps and 
logs and place them at the. base of the fillslope so they 
are not incorporated in the fill (Figure 50). It then grubs 
or cleans off the organic layer, excavates mineral soil and 
places it, bucket by bucket, beginning at the base of the 
slope (Figure 51). The powerful hydraulic system of 
large excavators permits them to partially compact the fill 
as it is placed. Spoil carefully placed using this method is 
more stable and less susceptible to failure than pushed or 
sidecast material. A fill face of about 65% is generally 
the steepest angle material can be placed at unless the fill 
is "engineered" using standard compaction methods, as 
described below. 

 

Figure 50. Excavators can perform a simple three step process of clearing and grubbing, excavating and subgrade development during 
construction of a balanced bench road. Using an excavator minimizes the volume of sidecast material. In the first pass an excavator operating 
from a pioneered bench removes logs and stumps, grubs the slope and installs a filter windrow of slash material at the base of the proposed 
fillslope. The second task is for the excavator to remove the overburden and place and compact the fill downslope above the windrowed slash. 
Thirdly, the uncovered, unweathered material is used to construct the bearing surface of the road(B.C.M.F., 1991). 
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Filter windrows of slash material are easily formed and placed at the base of the fill by the 
excavator to contain surface erosion following construction. The excavator or a bulldozer then 
follows up on the pioneered road bench (Figure 52) to develop the final road width and surface 
shape, using the uncovered, unweathered material to construct the bearing surface of the road 
(Figure 53), which can then be surfaced for all-weather use (Figure 54). 

 

Figure 51. Each step of the way, 
the excavator clears vegetation 
and grubs the slope surface in 
front of it before it excavates and 
extends the road bench. Excavated 
soil from the new segment of road 
bench is placed and compacted on 
the grubbed slope below the new 
segment of road bench. Cleared 
vegetation placed along the base 
of the future fillslope   helps   
contain erosion from the exposed 
fill. 

Figure 52. Behind the 
excavator, a bulldozer is used 
to prepare the final subgrade, 
surface shape and width of the 
new road. 
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2. Compacted cut-and-fill and benching construction 
A variety of road benching techniques may be employed on moderate and steep slopes to improve 
the road's stability. These include balanced benching (using the excavator), sliver fills, 
backcasting, multi-benching, and full benching with endhauling. These techniques each utilize 
construction methods that can lend added stability to the road prism, compared to sidecasting. 
Each is also suitable for a specific soil and slope type, and should not be used in other situations. 
Backcasting and multi-benching construction employs a technique called "bottom-up compaction" 
which adds stability to fill material placed along the outside of the road prism. Multi-benching is 
not often used, but it is a good way to develop a stable footing with a minimum of 

Figure  53.  New road 
constructed by excavator and    
bulldozer.    Logs harvested from 
the right-of-way have been 
placed on top of the filter 
windrows and will be hauled 
away later.  

Figure 54. Rock surfaced, 
outsloped   forest   road 
constructed by hydraulic 
excavator. Note the absence of 
an outside road benn which 
would otherwise collect and 
concentrate surface rwwff on the 
road prism. 
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sidecasting. First, a bench is cut at the proposed base of the fill, about 30 feet below the elevation 
of the proposed road grade (its exact location depends on the slope of the hillside and the width of 
the final road). It may be necessary to excavate and endhaul material from this first cut so that it is 
not sidecast downslope. Next, the operator moves slightly upslope to create another bench, casting 
the spoil material onto the first bench downslope where it is then compacted. After the second 
bench is completed, the process is repeated upslope to the final road elevation. The result is a fill 
that is keyed into the hillslope on multiple, small benches, with little sidecast (Figure 55). 

 

Single benching is a more popular technique employing the same basic methods  as multi-benching. 
After the first (lowest) bench is cut, a bulldozer or an excavator may be used to cut into the hillslope above 
the bench to widen and raise the road bed. As cutting progresses in the upslope direction, the road bed is 
widened and layers of spoil material are added to the bench in thin "lifts" that are compacted as they are 
laid down. Cutting, filling and compaction of the road bed continues until the road reaches the final design 
grade and width (Figure 56). 

 

Figure 56. Single or "balanced bench" road construction, where the volume of cut material 
is balanced (equals) the volume of fill material that is placed nn the outside of the road 
bench. In most instances, a bench is excavated at the base of the proposed fill slope and 
layers of fill are placed in lifts and. compacted until the desired road level has been 
attained. 

 

Remember, bulldozers and loaders are not efficient compactors. In critical situations where fill 
compaction is necessary to ensure that the material will not fail, true compactors should be used. 
Check with an engineer to select the correct equipment for the job. Compactors include grid, 
sheeps-foot, pneumatic, vibratory and tamping foot machines. Grid and vibratory compactors are 
appropriate for materials coarser than coarse silts and sands, while the others are preferred for 
sand and finer sized soil particles. Ask for advice. 

Figure 55. Multi-bench road construction. 
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Backcasting is a method of producing a full bench road with no endhauling. The soil must be 
medium to coarse grained and well drained, and the slopes cannot exceed 80%. It may not be a 
suitable technique on approaches to incised stream channels where emerging groundwater is 
commonly found. The surface immediately in front of the excavator is cleared and grubbed, and 
organic debris is either sidecast or windrowed at the base of the proposed fillslope. Then, a deep 
full bench is cut in front of the excavator about 25 to 30 feet wide and 8 to 10 feet deep at the 
road center line (again, depending on the slope of the land and the width of the road). The earth 
materials excavated from this cut are "backcast" and piled on the subgrade behind the excavator. 
Once the bench has been constructed, the piled subgrade material is leveled and graded by a 
bulldozer or the excavator, with little or no sidecasting (Figure 57). Because the roadbed 
materials are all excavated and placed, with little compaction, they should be allowed to settle 
and drain before the surface is outsloped or final ditches and ditch relief culverts are installed. On 
steep slopes, the fill will have to be reinforced or retained, and subdrains will be needed for 
springs and wet areas. 

 

Sliverfill construction is a potentially hazardous method that can result in slope failures and water 
quality problems if material and site conditions are not correct. Sliverfills are thin fills lying 
parallel to the underlying hillslope, rather than as wedges used in normal cut and fill. Sliverfills 
cannot be compacted on slopes exceeding about 35%. On gentler slopes, sliverfills are small and 
relatively stable. As slopes increase, the fills become thicker and more susceptible to failure. 

Sliverfill construction should be used only in special situations where 3/4 to full bench roads are 
constructed through rock or coarse alluvium and there is nowhere to dispose of the excess 
material. The rationale is to avoid producing an oversteepened slope by placing or spreading a 
thin veneer of coarse material on the ground surface at a slope less than its angle of repose 
(Figure 58). An excavator with a normal 35-foot reach can usually control and drape a sliver fill 
up to 40 feet downslope from the road bench. 

Sliverfill construction should be a method of last resort, because the potential for failure is high, 
and a large amount of forest slope is taken out of production. Ravelling from the fill can also 
create a dangerous condition if there are roads or buildings downslope from the sliverfill. Sands, 
silts and clays are  completely unsuited for sliverfill construction. Sliverfills are not 
constructed by sidecasting, because uncontrolled sidecasting on steep slopes produces 
highly unstable deposits that ravel and/or fail by debris sliding. 

Figure 57. Backcasted bench road construction. 
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Figure 58. Sliver fill road construction, in which a thin veneer of fill is "placed" (not 
sidecast!) over the slope below the road. Sliver fills should only be used in specific 
situations, usually with free draining broken rock materials where slope gradients are 
below the material's angle of repose, and there is no other place to put the material. Silts, 
clays and other fine grained soils are completely unsuitable for sliver fill construction. 
 
 
 
 
 
 
 
 
 
 

3. Full bench construction 

Full bench construction, the final method described here, typically involves excavation of the 
road bed using a hydraulic excavator. A bench is cut into the rock or soil equal to the width of 
the road. No material is sidecast and spoil is used to fill low areas or stream crossings along the 
road alignment. Excess material can be hauled off-site to a stable storage location, while only a 
very minor amount can be safely drifted or feathered over and compacted on the road bench 
(Figure 59). 

Full bench road construction is typically reserved for moderate or steep slopes, or where a road 
approaches or parallels a stream channel that could be impacted by sidecasting. Endhauling can be 
expensive, and full bench construction can cost four to seven times more than cut and fill 
methods. However, full benching without endhauling on steep slopes is a sure recipe for sidecast 
failure on many sites, as well as resultant impacts to downslope stream channels. 
 

Figure 59. Full bench road construction, in which all excavated material has been truck-
endhauledfrom the site and deposited in a stable storage site. 

 

Full bench roads often result in tall cuts. Several rock and soil types may not support these large 
cutslopes. Unstable rock, including soft or highly fractured sedimentary rocks, or rocks with 
layering dipping steeply into the road cut, may not be suitable for full-bench cuts. These deep cuts 
can remove critical toe support and initiate upslope failure. Deep, soft clays, lake deposits and 
other earth materials with similar physical properties may also be unsuitable for tall cuts because 
of their susceptibility to rotational failure. Although balanced benching or backcasting may be 
better construction techniques for such soft and unstable soil and rock materials, it still may not be 
possible to build the road where slopes are steep and the rock is weak. 

Excess spoil should be endhauled and stored at a stable location where it will not erode or fail and 
enter a watercourse. In addition, spoil should not be placed on unstable slopes, where the added
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weight could trigger land movement Excessive loading of clay or silt soils at an endhaul dump site 
could also cause a bearing capacity failure in the subsoil. Rock pits, wide, stable sections of road, 
ridges, benches and the inside edges of landings are typical locations where fill can be stored. All 
proposed fill sites should be field examined before construction. Those with emerging ground 
water or thick organic layers could experience slope failure after loading and should not be used. 

For most situations, endhaul material is directly loaded into dump trucks by the excavator and 
hauled to the storage site where it is spread in layers that can be reworked by a bulldozer. In some 
cases, bulldozers can economically cany (push) spoil material to stable storage sites for distances 
up to 500 feet. The resulting spoil pile at the storage site should generally conform to the local 
topography to provide for natural drainage, and should be mulched and planted to control erosion 
(Figure 60). 

 
 

E. Constructing on wet soils 

The application of coarse rock surfacing is a time-tested method for solving wet road surface 
conditions on forest and ranch roads. Rocking allows trucking and hauling on many roads during 
periods of wet weather. From 6 inches to over 18 inches of clean, graded rock may be needed to 
provide a stable, wet weather surface. While surfacing can double the cost of a road (Table 22), 
the rock or gravel cover provides a stable surface that can be used to extend the operating season 
without damaging water quality. However, if water is reaching the road bed from subsurface flow 
beneath the road fill (rather than from rainfall), measures in addition to surface rocking will likely 
be required to maintain surface stability and control erosion. 

Figure 60. Typical spoil disposal 
site (uphill side of road) for 
endhauled spoil materials from a 
full bench road construction site. 
Spoil disposal site is located on a 
broad, gently sloping, dry ridge. 
Material is dumped, spread, 
compacted (by bulldozer) and 
seeded, mulched and planted. 

•  Chapter VI: Construction  Handbook For Forest And Ranch Roads 91



Table  22. Estimated cost distribution for constructing a typical forest road1 
 

Construction phase 
 

Average cost (%) 
 

Equipment and material 10% 

Clearing, grubbing, slash disposal 
 

20-25% 
 

Excavation 
 

20-25% 
 

Culverts 
 

10% 
 

Rock surfacing 
 

30-40% 
 

 
1 USDA-SCS (1981) 

If small springs and seeps cannot be avoided when laying out the road alignment, special 
construction materials and techniques can be used to minimize wet soil problems. Established 
techniques for constructing clean gravel drains and surface rocking have been dramatically 
improved by the use of new, synthetic geotextile materials. These fabrics and engineering 
materials often come with detailed manufacturer's instructions that should be followed to achieve 
best results. Many companies provide free consultations to help in specific user applications. 

Water emerging from road cutbanks can be controlled using a French drain or vertical drainage 
trench. The trench is excavated, lined on both sides and the bottom with a geotextile fabric, back 
filled with open graded, clean gravel and topped with fabric and soil. The fabric keeps fine soil 
materials from entering the trench and plugging the drain. The trench is then drained across the 
road prism in an outflow trench or subsurface drainage pipe situated down the ditch line. 

Water emerging beneath the road bed can be controlled by installing a drainage blanket beneath 
the fill. This provides an easy path for the emerging water to flow out from under the road 
without saturating the road bed and overlying fill materials, thereby preventing rutting, rilling, 
muddy surface conditions or fill failures. In the field, a permeable geotextile blanket is laid down 
over the wet zone prior to road construction, and a gravel layer is backfilled over the top. This 
gravel blanket should slope to the outside edge of the road and "daylight" near the base of the fill 
to ensure proper drainage. Another geotextile layer is then laid on top and native soils are spread 
and compacted over the top until the desired road bed level is attained. 

The above examples provide a brief introduction to the inexpensive and highly successful 
engineering methods now available to solve problems of subsurface drainage. Additional reading 
and research is highly recommended before using geotextiles for subdrainage. Assistance may be 
obtained from an experienced road engineer who has had success using these products, or from 
the field representative of a company that manufactures or distributes geotextiles designed for 
these applications. 
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F. Constructing on unstable slopes 
The first rule of road construction is to stay away from unstable areas and landslides. However, 
there may be times when all other options have been exhausted and road construction in unstable 
zones is the least damaging alternative. If road construction must occur on unstable slopes, it 
is highly recommended that an engineering geologist or geotechnical engineer be consulted 
to develop plans and construction methods for the specific road segment. In situations where 
water quality would be seriously threatened by operations on unstable slopes, road construction 
or reconstruction projects may have to be deferred or entirely avoided. Unstable slopes that 
threaten water quality must be recognized and considered unsuitable for road building. 

Some preventative measures can be applied to compensate for expected decreases in slope 
stability that often accompany road building. These include: 1) don't oversteepen or overload the 
slope with sidecast material, 2) don't alter the hillslope drainage by blocking or redirecting 
surface or subsurface flow onto the slide mass or by ponding water, and 3) don't remove material 
from the toe of the unstable slope or slide. These preventative measures should be applied when 
operating on slopes steeper than 50% to 55%, and may be necessary on some soil types at lesser 
gradients. 

Most road-related failures are the direct result of excessive fill and sidecast on steep slopes, 
or concentration of runoff on road fillslopes. Narrow roads can significantly reduce the 
amount of material that must be excavated during road construction in these areas (Table 13). 
Thus, on steep slopes (over about 60%), sidecasting should be avoided. In addition, unstable soil 
types or the presence of springs and seeps may limit the use of sidecasting on slopes as low as 
45% to 50% in order to minimize the potential for sidecast or "fill" failures. 

It is especially important to avoid sidecasting on steep slopes in headwater swales, where 
hillslopes converge into a narrow, steep channel. These locations are prime sites for generating 
debris slides which can move thousands of feet downslope, scouring steep channels and 
depositing large amounts of sediment and debris that severely impact fish-bearing streams and 
domestic water supplies. Professional judgements and recommendations are critical for the 
identification of debris flow hazard and can best be made by a trained geologist or engineering 
geologist. 

Debris avalanches on steep slopes can also be triggered by ground motion from heavy blasting 
during road construction or quarry excavation, especially during wet conditions. This suggests 
that the potential for initiating a landslide in the vicinity of blasting can be reduced by conducting 
blasting in the dry summer period. On steep slopes, excess blast material should be endhauled 
and not allowed to accumulated on the hillslope below the road. 

The overall risk of slope failure can also be reduced by reducing total road length, 
especially for roads built across steep slopes. For example, using long-line or helicopter yarding 
systems can reduce road construction on unstable hillslopes by up to 50%, or more. Steep road 
gradients and pitches can also be used to reduce road mileage, and may be more cost-effective 
than full bench, end-haul construction across unstable areas or steep slopes. Employing locally 
steep road grades and pitches can be used to get your road onto low-maintenance, stable ridge-
top areas and benches within the watershed. However, steep sections of road will often require
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outsloping, better ditching, more surfacing, and improved surface drainage compared to low 
gradient roads. 

Knowing the boundaries of an unstable area (slide mass) is essential in selecting the type and 
location of cut and fill construction to be used. Cuts and fills can be located across some 
landslides with little effect on their stability, or even a net increase slope stability. For example,, 
the toe of some existing or potential rotational slides can be loaded with weight, or the head can 
be unloaded, without decreasing slope stability (Figure 61). Thus, a full fill road (using endhauled 
material and little or no cutting) at the toe or a full bench road (with endhaul) at the head of tills 
type of slide will not reduce stability and may even improve conditions (Figure 62). However, in 
spite of employing state-of-the-art road building techniques, slide movement may still continue. 
As a general rule, landslides and unstable areas should not be crossed with roads. 

 
Figure 61. In general, the toe of a rotational slide should be loaded, whereas the head should be unloaded. Loading the head anal or unloading 
the toe (left diagram) acts to raise the center of gravity and actually decreases stability. Loading the toe anal or unloading the head shifts the 
center of gravity downward and can increase slope stability. This strategy does not work for other landslide types, where road building should be 
avoided. 

Figure 62. On certain rotational landslides, building a full fill across the toe (loading the 
toe), or cutting a fu ll bench, endhauled road across the head (unloading the head} can be 
performed without decreasing slope stability. However, in most instances it is best to avoid 
unstable slopes altogether.  

G. Constructing stream crossings 

Common types of permanent stream crossings include bridges, culverted fills and fords as well as a variety 
of temporary stream crossings that are removed prior to the winter period. The use of "Humboldt" log 
crossings and unculverted fills are not suitable for permanent stream crossings, even through they were 
commonly used in past decades. 

 

•  Chapter VI: Construction  Handbook For Forest And Ranch Roads 94



Constructing a stream crossing is a two part process consisting of: 1) constructing the road bench 
approaching and leaving the  crossing site, and 2) constructing and installing the drainage 
structure and fill at the crossing. 

1. Stream crossing approaches 

Excavation of the approaching road is a critical part of constructing a stream crossing. If the 
channel side slopes are steep, any sidecasting on the approaches could easily deliver loose soil 
directly to the watercourse (Figure 63). 

 

Where roads are to cross stream canyons or incised channels with steep sideslopes, the 
approaches to the channel should be built with full bench construction methods. Material 
may be endhauled with trucks or placed on the excavated road prism behind the excavator and 
pushed farther back from the crossing using bulldozers. Sidecasting should not be used! 
Excavators are ideal machines to perform full bench construction on difficult stream crossing 
approaches. 

Roads which cross steep slopes in stream canyons also often pass through wet and/or unstable soil 
materials. Potentially unstable soils and slopes near a crossing site should be identified before the 
equipment cuts into the slope, so the approaches can be designed to avoid, or drain and stabilize, 
the unstable area. In wet areas, the road may need to be insloped and surfaced with rock to add 
stability and reduce erosion of the road bed. 

Where roads are to cross channels with more moderate or gentle channel side slopes, full bench or 
cut-and-fill construction techniques can generally be used without damaging the stream. Roads 
can be pioneered using excavators to remove and place fill below and on the roadbed behind them 
without sediment reaching the stream channel. The excavated material can be stored temporarily 
for later use in the stream crossing fill, or a bulldozer can spread the material on the road bed

Figure 63. Uncontrolled 
sidecasting     on     the approach 
to this stream crossing   has   
delivered sediment directly to the 
stream channel. This type of road 
building is in violation of water 
quality standards    and   forest 
practice regulations.  
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away from the approach. Fill can also be placed in compacted layers at the base of the newly build 
road prism and used to construct a stable fill. Regardless of the construction method chosen, 
sidecasting on stream crossing approaches should be avoided. 

2. Bridge installation 

Bridges are usually the best, least damaging choice for stream crossing installations and should be 
considered for all larger, deeply incised or Class I (fish-bearing) watercourses. There is less 
disturbance during installation of bridges and there is less chance they will fail during floods. In 
recent years, the materials and installation costs for small precast or portable bridges have also 
become much more competitive with the installation of large culverts. 

The main components of most bridges used for forest and ranch roads include bank abutments, 
stringers or steel cross-channel members, decking, running-planks and wheel guards. Most of 
these parts can be pre-assembled off-site and quickly installed at the crossing location, or the 
bridge can be constructed entirely on-location. 

As with culverted stream crossings, the greatest potential impact to stream channels occurs during 
bridge installation. Above all, installation should minimize or eliminate the use of equipment in 
the stream. A low impact equipment crossing (ford) may be needed in the immediate vicinity of 
the crossing to prepare both abutments and approaches for placement of the bridge. If approved 
by the Department of Fish and Game, this ford may later be used by tracked equipment crossing 
the stream to avoid damaging the bridge decking (Figure 64). If the stream is too large or deeply 
incised to be crossed with heavy equipment, access will need to be developed from the other side. 
In either case, construction activities should result in only minimal disturbance to, and no 
sidecasting into, the watercourse channel. 

 
Successfully designing and installing a permanent or temporary bridge across a watercourse 
requires forethought and planning, and an experienced equipment operator and engineer may be 
required. First, the bridge abutments should be prepared and placed (or constructed) on each bank 
to accept the bridge. "Permanent" bridges may be secured to the banks by using piles driven at

Figure 64. Many bridges built on 
small forest and ranch roads 
cannot support or would be 
damaged by heavy tracked 
equipment passing over them. For 
this reason,    an    adjacent 
equipment ford is sometimes 
constructed. These steep fords can 
erode and deliver sediment to the 
stream channel if they are not 
waterbarred, mulched and seeded 
prior to winter rains.  
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least 10 feet into the natural ground, or by using a cast or precast concrete abutment that is pinned 
and grouted to the bedrock or is cabled to deadmen buried behind the abutment Temporary 
bridges may also need to be set on or secured to abutments such as logs or precast concrete slabs 
(Figure 65). 

 

Each abutment should be leveled and secured far enough into the bank so that slumping or bank 
failure will not occur. Abutments and piers should be parallel to the stream channel and set back 
from the channel to prevent any narrowing of the streambed and banks. The bridge crossing 
should be at right angles to the channel, and, if possible, with at least 50 feet of straight approach 
before the bridge, but the bridge does not have to be level lengthwise across the stream (Figure 
66). 

 

Figure 65. Bridge 
abutments can be built of logs, 
piers, concrete pads and other 
supports. This abutment is a 
precast concrete support that 
was fabricated off-site and 
installed when road construction 
reached the crossing location. It 
is tied into the adjacent slope 
with cables secured to buried 
"deadmen." 

Figure 66. Railroad flatcar 
bridge correctly crosses stream 
channel at a 90° angle, but bare, 
unprotected soil abutments are 
subject to erosion during high 
flaws. Low, summer stream/low 
goes subsurface under the bridge 
because of extra sediment in the 
channel bottom at the crossing 
site. 
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The grade of the bridge should be the same as the grade of the approaching road. To avoid 
draining road surfaces directly into the stream, bridges should not be located at the bottom of an 
abrupt dip in the road grade (Figure 67). If the road climbs away from the crossing in one or both 
directions, the approaches should be flattened for at least 50 feet, with road surface runoff directed 
into a ditch relief culvert or rolling dip which drains into a vegetated buffer strip before reaching 
the bridge site. 

 

Stringers and structural supports to be used for the bridge should not be dragged through the 
streambed. A crane, an excavator, or an excavator and a winch-tractor can be used to move a 
portable bridge into place, with one piece of equipment on each side. If decking is installed on the 
bridge surface, it should be laid and bolted solidly across the top to provide a good bearing surface 
and to spread the load of vehicles to all the spanning log stringers or structural steel members. On 
wood bridges, running planks can be attached to the decking. Bolts should be used to attach the 
decking because spikes tend to loosen and come out as the bridge flexes under heavy loads. 
Finally, for safety reasons, poles, sawn timbers or metal wheel guards should be installed along the 
outside edges of the bridge to alert drivers who wander off the running surface and too near the 
edge of the deck (Figure 68). 

Figure 67a. The segments of road which approach a bridge should 
not drain onto the bridge surface. Otherwise, soil eroded from the 
adjacent road surface can be carried onto the bridge and into the 
stream. 
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3. Culvert installation 

During road building, the construction of culverted stream crossings has the greatest 
potential of all activities to cause immediate sediment pollution. Culverts should be properly 
aligned, bedded, backfilled and covered, or they will be subject to eventual failure. In all cases, 
disturbance to the stream banks and streambed should be minimized during stream crossing 
construction. 

If the stream is flowing at the culvert installation site, the crossing can be dewatered by 
constructing a small diversion dam just upstream and pumping or diverting flow around the

Figure 67b. If the bridge is at a 
low point in the road grade, 
make sure the uphill road  
surface   is   well drained before 
the bridge and consider 
surfacing the approaches with 
rock or paving.   Preferably,   the 
bridge approaches should be flat 
or slightly elevated (see Figure 
68). 

Figure 68. Wheel guards on a 
railroad flatcar bridge signal the 
driver that he is too close to the 
edge of the bridge.  Note   how  
the approaching road slopes up 
to the bridge so that road runoff 
does not flow onto the. bridge 
deck 
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project area. The dewatered stream channel is then cleared for the culvert. Large rocks and woody 
debris should be removed. Both the culvert foundation and trench walls must be free of logs, 
stumps, limbs or rocks that could damage the pipe, or subsequently cause seepage of flow around 
the outside of the culvert. 

The culvert should be aligned with the natural stream channel. Correct alignment is critical for the 
culvert to function properly. Misalignment can result in bank erosion and debris plugging problems. 
Stream crossing culverts should also be placed at the base of the fill, and at the grade of the 
original streambed. The culvert should be inset slightly into the natural streambed so that water 
drops several inches as it enters the pipe. Culvert inlets set too low can plug with debris and those 
set too high can allow water to undercut the culvert (Figure 69). Culverts placed midway up the 
outside of the fill are more likely to plug with sediment or organic debris, because their ability to 
pass materials is reduced, or to cause erosion of the fill below the culvert outlet

Figure 69a, b. Proper culvert installation involves correct culvert orientation, setting the pipe 
slightly below the bed of the original stream, and backfllling and compacting the fill as it is placed 
over the culvert. Installing the inlet too low in the streambed (A) can lead to culvert plugging, yet if 
it set too high (B) flow can undercut the inlet (fromM.D.SL.,1991). 

Figure 69c. If the culvert outlet is placed too high in the fill (C), flow at the outfall will erode 
the fill. 

 
Figure 69d. Placed correctly (D), the culvert is set slightly below the original stream, grade and protected with armor at the inlet and 
outlet. 
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The culvert bed may be composed of either compacted rock-free soil, or gravel (Figure 69e). If 
gravel is used for the bed, filter fabric will be needed to separate the gravel from the soil to 
minimize the potential for soil piping. Bedding beneath the culvert should provide for even 
distribution of the load over the length of the pipe. Nearly every culvert will sag after it is buried. 
To allow for this, all culverts should be installed with a "camber" or slight hump in the bed 
centered under the middle of the pipe. The amount of camber should be between 1.5 to 3 inches 
per 10 feet of culvert pipe lengA. Natural settling and compaction which occurs after backfilling 
will then allow the pipe to settle into a straight profile. 

 

Backfilling can begin once the culvert is in-place in its bed. Backfill material should be free of 
rocks, limbs or other debris that could dent the pipe or allow water to seep around the pipe. One 
end of the culvert should be covered, and then the other end. Once the ends are secured, the center 
is covered. Careful pouring or sifting of backfill material over the top of the pipe using a backhoe 
or excavator bucket will allow finer particles to flow around and under the culvert sides. Larger 
particles will roll to the outside. The fine soil particles will compact more easily and provide a 
good seal against leaks along the length of the pipe. 

The backfill material should be tamped and compacted throughout the entire installation process. 
The base and sidewall material should be compacted before the pipe is placed in its bed. A 
minimum amount of fill material should be used for the bed of the culvert to reduce seepage into 
and along the fill. Backfill material should then be compacted at regular intervals (in 
approximately 0.5-1 foot lifts) until at least 1/3 of the diameter of the culvert has been covered 
(Figure 69). This will prevent leaking. A vibrating, gas-powered hand-compactor can be used. 

Once backfilling has been completed, the inlet and outlet of the culvert should be armored. A 
metal, concrete, sandbag or rock head-wall can be constructed to prevent inlet erosion (Figure 70). 
A trash protector can be installed just upstream from the inlet where there is a hazard of floating 
limbs and wood chunks plugging the culvert inlet. This is especially important on logging roads 
where the upslope areas have recently been harvested or are slated for harvesting in the future. 

Figure 69e. Rock-free fill is backfilled over the 
culvert in layers  and compacted under the pipe 
and around the sidewall (E). 
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If the stream is live, flow through the culvert should be observed to determine if and where 
additional rock armor is needed. As a precaution against sedimentation in the stream, a slash 
windrow can be constructed at the base of the road fill around and adjacent to the culvert outlet so 
that soil is not sidecast into the stream channel or onto the inlet during final grading of the road 
bed. Mulching and grass seeding can also be used on the bare fillslope to reduce erosion. 
 

 
Final filling of the stream crossing can now be performed. Layers of fill are pushed over the 
crossing until the final, design road grade is achieved. Fill should be placed over the top of the 
culvert to a depth of at least 1 foot, for 18" to 36" culverts, or a minimum of 1/3 to 1/2 the culvert 
diameter for larger pipes. If adequate cover cannot be achieved, then a pipe-arch or two smaller 
culverts should be installed (Figure 71). 

 

Figure    70.    Culvert installation  
on  a   low gradient Class II (non-
fish bearing)     watercourse. 
Culvert is set slightly into the 
original streambed and inlet is 
armored to prevent erosion. 
Roadbed dips into and out of the 
stream crossing and trash rack 
(not visible) has  been installed  
just   upstream from the culvert 
inlet. 

Figure 71. Pipe arch 
culvert installed in a Class I fish 
bearing watercourse. Fill face has 
been rock armored to prevent 
erosion during high flows. 
Because of the shallow fill, a 
second pipe arch culvert was 
installed to upgrade the crossing 
to pass the 50-year flood flow.  
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It is common practice to inslope the road bench at stream crossings, so that road surface runoff 
flows inward to the culvert inlet, rather than over the newly constructed, unprotected face along 
the outside of the fill. To minimize road runoff directly entering the crossing, the approaching road 
can be outsloped or a rolling dip can be placed just up-road from the crossing to drain the road 
surface. In addition, a dip should be placed in the road at the down-road edge of the fill to provide 
for a "fail-safe" drainage design (see Chapter V). If the culvert plugs, the stream will then flow 
over the road bench and back into the channel, not down the adjacent road bed. 

Alternatively, you can construct the road with an outslope through the crossing. Road surface 
runoff can be controlled with an outside berm and then discharged onto native ground at the 
down-road edge of the fill, or carried to the base of the new fill in a berm-drain or open top 
culvert, or across an armored (rock surfaced) drain. Berms, however, are prone to failure and 
should only be used where regular, wet season maintenance is available. If the fill face is heavily 
vegetated with grass by the time of the first fall rains, the berm may not be necessary to prevent 
surface erosion. 

Installation of ditch relief culverts follows the same basic principles as culverts for streams. They 
should be installed at a 30 degree angle to the ditch to lessen the chance for inlet erosion and 
plugging. Ditch relief culverts should be installed at a slope of 2-4 percent more than the ditch 
grade, or at least 5 inches every 10 feet (Figure 33). This will ensure sufficient water velocities to 
carry sediment through the pipe. 

Ditch relief culverts should be seated on the natural slope. The bedding and fill material should be 
free of rocks and debris that could puncture the pipe. Backfill materials should be compacted from 
the bed to a depth of 1 foot or 1/3 the culvert diameter, whichever is greater, over the top of the 
culvert. The culvert outlet should extend beyond the base of the road fill (or a flume downspout is 
used) and empty onto an apron of rock, gravel, brush or logs (Figure 72). 

 

Figure 72.  Like stream crossing culverts, ditch 
relief culverts should be installed at the base of 
the road fill, with armoring at the inlet and some 
type of energy dissipation at the outfall. If the 
culvert is placed higher in the fill, a downspout 
should be used to carry flaw from the outlet 
downslope past the base of the fill 
(M.DSL.,1991). 
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4. Temporary stream crossings 

By definition, temporary stream crossings are designed to be removed. As with bridges, 
installation of a temporary crossing should be done with the minimum possible amount of 
disturbance to the channel bed and banks, and using the least amount of fill material possible. The 
goal is to leave the site in a relatively undisturbed condition that is subject to minimal erosion 
following removal of the crossing. 

As with the installation of all other stream crossings, there should be little or no sidecasting on the 
approaches to the channel. Colorful flagging, straw mulch or some other marker should be spread 
over the channel bottom so it is possible to identify the bottom of the natural channel when the 
temporary crossing is removed. The temporary crossing is then constructed on top of this marker. 

For poorly incised, dry channels, rock-lined dry-fords can be installed as long as they are 
completely "pulled" or removed at the completion of use, or before the beginning of the winter 
period (whichever occurs first). Dry fords work well where the approaches to the channel are 
relatively flat. The road is built to dip across the channel using as little fill as is possible, and any 
fill along the outside edge of the road can be armored with fabric and appropriately sized rip-rap, 
or with an over-side drain. If the watercourse is incised and/or is flowing at the time of 
installation, temporary log, log-and-culvert, culverted fill or temporary bridge crossings can be 
installed'. 

For log crossings, vegetation is first pruned from along the alignment and from the streambed and 
banks, as opposed to being stripped or bladed with a tractor. Next, straw is placed on the bed and 
against the banks, to help identify the original channel margins and to protect the channel from 
disturbance. In a flowing stream channel, a culvert capable of carrying flows expected during the 
period of operation should be placed at the base of the log fill. Logs are bundled into groups using 
choker cables and then lowered into the channel. Cabled logs make removal a simple, one-step 
operation using a bulldozer, loader or excavator. When the log "fill" has been built up to within 
about 18 inches of the temporary crossing grade, the remaining large spaces can be filled with 
smaller logs. A 6-inch layer of straw is then placed on top of the logs to prevent the overlying 
road surface soil from infiltrating through the logs to the streambed and being washed 
downstream2 (Figure 73). Local soil is generally adequate for the running surface, and the straw 
layer enables easy removal of the capping soil fill. 

1 The most common type of temporary bridge crossing used on forest and ranch roads is the railroad flatcar bridge. 
See the previous section on bridge installation for guidance on installing temporary bridge crossings. 

2 Filter fabric can be used with or instead of straw on top of the logs, to keep sediment from filtering down into the 
stream, but it is difficult to clean out when the crossing is removed. Sediment is often spilled into the stream 
channel during crossing removal. Straw alone usually works better. 
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H. Rolling dips 

Rolling dips are simply breaks in the grade of a road. They are sloped either into the ditch or to 
the outside of the road edge to drain and disperse road surface runoff. Rolling dips are installed in 
the road bed as needed to drain the road surface and prevent rilling and surface erosion (Tables 3 
and 17), and are most frequently used on outsloped roads. As a road becomes steeper, rolling dips 
should be made deeper and placed at a steeper angle to adequately capture and divert road runoff 
(Figure 74). 

 

Figure 73. End view of a 
temporary stream crossing. First, 
a culvert was placed in the 
channel bottom. Then cabled logs 
were placed on top, followed by a 
thick layer of straw and then soil 
material for the temporary 
running   surface.   The materials 
comprising the temporary  
crossing  are easily removed 
upon the completion of 
operations.  

Figure 74. Several rolling dips in 
close succession on a rocked, 
outsloped road built across 
moderately steep terrain. As  
road grade increases, rolling 
dips need to be spaced more 
closely. 
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It is easier to properly locate and construct rolling dips when they are designed into the original 
road plan. However, they may also be installed on existing roads to improve surface drainage 
where they can be built in about one hour, or less, using a medium size bulldozer (D-7 size). 
Unsurfaced roads are more easily reconstructed with rolling dips, but rocked road surfaces can 
also be reconfigured. 

Excavation for a rolling dip typically begins 50 to 100 feet up-road from where the axis of the dip 
is planned (Table 18). Material is progressively excavated from the road bed, slightly steepening 
the grade, until the axis is reached. This is the deepest pan of the excavation, with the overall 
depth being determined by the slope of the road. The steeper the road, the deeper the dip will have 
to be in order to reverse grade (Table 18). 

In order to safely and effectively direct runoff to the side of the road, the axis of a rolling dip 
should be angled about 30 degrees to the road alignment. On the down-road side of the rolling dip 
axis, the road bed slope should actually rise slightly to ensure that runoff cannot continue down 
the road surface. This is called a "grade change" (Figure 28). The rise in grade is carried for about 
10 to 20 feet before the road surface begins to fall again at its original slope. This transition from 
axis bottom, through rising grade, to original falling grade is achieved in a road-distance of 15 to 
30 feet. Unlike a waterbar, the reverse grade portion of a rolling dip is not composed of fill. 
The entire drainage structure is excavated into the roadbed. 

Rolling dips require very little maintenance if they are constructed properly and at an adequate 
spacing. They should not collect enough runoff to develop significant erosion. The length and 
depth of the rolling dip should be adequate to divert road runoff but not so great as to interrupt or 
endanger traffic at normal speeds. Care should be taken to ensure that grader operators do not fill 
the depressions with soil or cut deeply into the lower part of the rising section, thereby 
eliminating the change-in-grade. 

I. Subgrade and surfacing 
The road surface can be a big source of stream sediment In some watersheds, it may be the 
primary source of accelerated (man-caused) erosion and sediment yield from the road system. 
Proper road construction and surfacing can significantly reduce this source of fine sediment. 

Permanent roads that are to be used for winter and wet weather hauling, including ranch roads 
and roads used for commercial hauling of forest products, need to be surfaced to improve 
trafficability and reduce erosion. Roads which receive heavy use should be inspected regularly to 
discover early signs of damage. Serious damage to road surfaces usually begins with the build up 
of thick (1-4 inch) accumulations of dry dust during the summer, or excess water (and mud) 
during the winter. Standing water is a sign of poor road drainage and ruts indicate that road 
strength is deteriorating. 

A stable and well drained subgrade is essential for a good road. The load bearing capacity of a 
road depends upon the subgrade's soil strength, drainage and compaction characteristics (Table 
23). Native material is often suitable, and can be used for the road's subgrade. Weak or wet 
subgrades (soils unable to support a load by themselves) need to be strengthened by adding loose 
or crushed rock or gravel to provide ballast and distribute the stress placed on the soil. 

106   •  Chapter VI: Construction  Handbook For Forest And Ranch Roads 



Table 23. Soil characteristics for road subgrade materials1 
 

Material type 
 

Strength, compaction 
and foundation 

suitability 
 

Drainage 
 

Reaction to frost 
 

Common symbols 
of soil types2 

 

Clean gravels and clean sand3 
 

Good to excellent 
 

Excellent 
 

None to slight 
 

GW, GP, SW, SP 
 

Gravels and sands with non-
plastic4 fines 

 

Good to excellent 
 

Fair to poor 
 

Slight to high 
 

GMd, SMd 
 

Gravels and sands with plastic4 
fines 

 

Fair to good 
 

Poor to impervious 
 

Slight to high 
 

GMu, GC, SMu, 
SC 
 

Non-plastic and slightly plastic4 
silts and clays 

 

Poor to fan- 
 

Fair to impervious 
(mostly poor) 

 

Medium to high 
 

ML, CL, OL 
 

Medium and highly plastic4 silts 
and clays 

 

Very poor to poor 
 

Pair to impervious 
(mostly poor) 

 

Medium to very 
high 

 

MH,CH 
 

Peat and other highly organic soils 
 

Very unstable, poor 
compaction 

 

Fair to poor 
 

Slight 
 

Pt 
 

 
1 W.D.NJR. (1982) 
2 Unified Soil Classification System (USCS) symbol 
3 "Clean" means less than about 12% of the material is smaller than 1/64" (the smallest particle visible to the naked eye) 
4 Plasticity can be tested by simple field methods, including lightly wetting a hand sample, rolling the fines into a ball and then into a thread before 
it crumbles:  

Non-plastic: a thread cannot be formed, regardless of the moisture content. Low plasticity: after 2-3 times, the molded ball will 
crumble. 

Medium plasticity: After 3-5 times, the ball will easily crumble with moderate force (pressed between thumb and forefinger.  

High plasticity: ball will not crumble, even with moderate force, after five times.  

Wet, low strength soils may be stabilized by the use of synthetic fabrics (geotextiles) designed 
specifically for this application. The fabric is spread over the subgrade and then covered with a 
layer of rock. Water passes through the membrane, but the wet soil remains below and does not 
mix with the surface aggregate. As a result, the road dries faster and the fabric spreads the wheel 
loading pressures over a large surface area. 

The running surface of the road should be smooth and hard-wearing, and it should not be subject 
to blowing or washing away. The most commonly used surfacing materials are angular (crushed) 
rock. In the past, river-run gravel was frequently used where crushed rock was not readily 
available. However, rounded material is not as well suited as long lasting surfacing material and 
may be difficult to keep in-place. 
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First, a "base course" of 2 to 3 inch diameter angular rock is usually dumped on the compacted 
native road surface using dump trucks, spread to a uniform depth using a grader or tractor and 
then compacted. The use of true compaction equipment (instead of tractors) will provide the best, 
longest lasting road surface. Geotextile engineering fabrics can be used beneath the base course 
material if soil conditions are wet. A finer "surface course" several inches in thickness is then 
spread over the compacted base coarse material to provide a dense, smooth running surface. The 
resulting layers of angular, interlocking rock will provide a low impact road surface that can be 
used during much of the winter (Figure 75). 
 

Figure 75. Cross section diagram showing typical base-course and 
surface-course application for forest and ranch roads (USDA-SCS, 1983). 

For all-weather use, angular rock should be 
placed to a total depth of 6-10 inches, or more, 
which will then compact to a finished depth of 4 
to 6 inches under normal use. Table 24 lists the 
volume of aggregate needed to surface one mile 
of road, ranging from 10-20 feet wide, to a depth 
of 1-6 inches. 

 

Table 24. Aggregate (yds3) required to one mile of road1 
 

Depth of uncompacted rock (inches) 
 

Road width (ft) 
 

2" 
 

4" 
 

6" 
 

8" 
 

10" 
 

12" 
 

10' 
 

326 
 

652 
 

978 
 

1,304 
 

1,630 
 

1,956 
 

12' 
 

391 
 

782 
 

1,174 
 

1,564 
 

1,956 
 

2,348 
 

14' 
 

456 
 

913 
 

1,369 
 

1,826 
 

2,282 
 

2,738 
 

16' 
 

522 
 

1,043 
 

1,565 
 

2,086 
 

2,608 
 

3,130 
 

18' 
 

587 
 

1,174 
 

1,760 
 

2,348 
 

2,934 
 

3,520 
 

20' 
 

652 
 

1,304 
 

1,956 
 

2,608 
 

3,260 
 

3,912 
 

 
1 USDA (1978). Uncompacted, 16.3 yds3 equals I inch deep by I foot wide by 1 mile long. When aggregate is compacted, increase volumes 
required by 15-30%, depending on type and gradation of material. 
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J. Erosion control during construction 
Road construction, use and maintenance can cause soil erosion and stream sedimentation 
problems. In fact, roads have been identified as one of the greatest sources of man-caused erosion 
and sediment yield in forested watersheds of the Pacific Northwest. Some erosion is the result of 
poor road location and design, but some clearly comes from inadequate planning for erosion and 
sediment control on the construction site. Proper forest and ranch-land road construction and 
maintenance practices reduce long-term erosion and stream sedimentation from forest and ranch 
lands. However, even properly located, designed and constructed roads still need erosion control 
measures to minimize soil loss and sediment production. 

1. Roads and landings 

Both mechanical and vegetative measures are needed to minimize accelerated erosion from roads 
and landings under construction. Effective erosion prevention employs proper road location, pre-
planning of cuts and fills, minimizing soil exposure, compacting fill or endhauling loose fill 
materials from steep slopes and stream-side areas, developing stable cut and fillslopes, mulching 
to control surface erosion for the first year, and seeding and planting to provide for longer-term 
erosion prevention. 

Perhaps the best tool for preventing erosion is to keep soil disturbance to an absolute 
minimum during construction. Cuts and fills on gentle and moderate slopes should be balanced 
to minimize the amount of excavation and soil exposure. On steep slopes, or where soils are 
unstable, full bench construction techniques should utilize "bottom-up" compaction or endhauling 
to eliminate problems associated with loose, uncompacted fill materials and sidecasting. Soils that 
are wet and would become muddy should be allowed to dry before construction begins or 
continues. 

Cut and fillslopes need to be constructed at stable angles to prevent mass failure. Slopes which 
develop instability, especially those which threaten to deliver sediment to stream channels, need 
to be stabilized immediately. Woody debris should not be incorporated in sidecast fill material 
during construction because it will decompose and can lead to future slope failure (landsliding). 
Woody debris and soil mixed together around the outside perimeter of landings built on steep 
slopes form a certain recipe for eventual landsliding. 

Shallow failures or small slumps on the cutbank or fillslope can either be excavated (if they 
threaten to deliver sediment directly to the stream channel) or stabilized by placing large rocks at 
the slope base to buttress the unstable materials. Specific techniques for building rock buttresses, 
retaining walls, timber cribs, and reinforced slopes are beyond the scope of this manual and 
require advice and design by a qualified engineering geologist or geotechnical engineer. 

Bare slopes created by construction operations also need to be protected until vegetation can 
stabilize the surface. Surface erosion on exposed cuts and fills can be minimized by mulching, 
seeding, planting, compacting, armoring and/or benching prior to the first fall rains. Installing 
filter windrows of slash at the base of the road fill can minimize the movement of eroded soil to 
downslope areas and stream channels. They are installed using heavy equipment as the road is 
being cleared and graded. During construction, it is also important to retain rooted trees and 
shrubs at the base of the fill as an "anchor" for the fill and filter windrows (Figure 76). 
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Road construction activities should be performed during the "dry" season, and all surface drainage 
structures should be in-place and completed well before winter rains are expected (October 15 for 
forestry-related roads). Where construction or reconstruction activities are conducted near a live 
watercourse, silt fences and/or straw bale silt-dams may be needed both in the channel and on the 
adjacent slopes during the construction phase. Any use of roads during the winter period may 
require the application of road surfacing to prevent road deterioration, control erosion, and prevent 
sediment transport to nearby streams. Muddy runoff from unsurfaced roads can transport large 
volumes of sediment that flows through culverts and into streams. 

2. Spoil disposal sites, borrow sites and rock pits 

Erosion should also be controlled in areas where large expanses of bare soil have been created, 
such as spoil disposal sites, borrow sites and rock pits. Proper location, excavation and 
topographic development of spoil disposal sites and rock pits are key elements to assuring 
controlled drainage and minimizing erosion and sediment problems. When placed on slopes; spoil 
should be spread in lifts and compacted to develop strength in the materials. Spoil disposal Mes, 
borrow sites and rock pits should not be located near streams or where sidecast, tailings or 
sediment-laden runoff could reach a watercourse. 

When a rock pit is under development, top soil and overburden should be stockpiled for later use 
as surface soil for reclamation. During development and use of borrow pits and disposal sites, it is 
also important to maintain internal and controlled external drainage. Outflows should be dispersed 
to prevent erosion and water should be directed through vegetated filter areas to trap sediment 
Runoff should not be directed straight to a watercourse. 

Filled spoil areas and exhausted rock pits should be permanently reclaimed. Development and 
reclamation of rock pits on private lands may be subject to regulations under the California's 
Surface Mining and Reclamation Act (SMARA) if the proposed excavations are greater than 1 
acre in size or 1000 yds3 in volume (Figure 77). Spoil sites should be mulched and seeded, or 
machine hydroseeded using a mulch and seed slurry, before winter rains. Compacted areas should

Figure 76. Newly constructed, 
outsloped forest road with 
accumulated line of slash, called a 
filter windrow, at the base of the 
fill to catch soil eroded from the 
fill slope. Slash should be placed 
at the base of the fill, and not 
Incorporated into the soil 
material. This fill has been straw 
mulched and is covered with a 
thick stand of grass. Filter 
windrows are most important to 
install where roads approach and 
cross stream channels. Note how 
the road conforms to the 
topography of the land and 
incorporates rolling dips at 
natural swales to shed surface 
runoff. 
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be ripped to promote revegetation. Areas of bare rock should be outsloped and covered with 
several feet of soil. Then, bare areas should be planted with brush and tree species that will be 
able to thrive in the altered environment. 

 

 

Figure 77 a. Access road and 
rock pit before (A) and after (B) 
reclamation. Exposed areas 
have been reshaped and covered 
with soil to promote 
revegetation. The area was then 
mulched, seeded and planted. 
Reclamation work was 
performed using an excavator 
and large bulldozer.  

Figure 77b. 
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3. Stream crossings 

Stream crossings are where roads come into closest contact with flowing water. For this reason, it 
is critical that proper and sufficient erosion control measures be applied to ensure that erosion and 
sedimentation from culverted fill or bridge sites does not enter the watercourse. 

Some stream crossing features are more sensitive to erosion than are others. Problems are most 
likely to develop at culvert inlets, culvert outlets, through-fill road surfaces, fillslopes, and inside 
ditches. Erosion prevention and erosion control measures for each of these areas, as discussed 
below, are commonly employed to limit post-construction erosion. Regardless of the measures 
chosen, any successful erosion control technique must be correctly installed and regularly 
maintained. 

At culvert inlets, rock armor or flared inlets can be used to protect the pipe entrance from 
undercutting and erosion (see Chapters IV and V). Trash racks (debris barriers) can be placed 
upstream from the culvert inlet to prevent culvert plugging and subsequent washout of the entire 
fill. Drop inlets can be used to prevent culvert plugging in channels with a lot of sediment 
movement. 

Culvert outlets should extend past the end of the road fill and discharge into the natural channel, 
or a flume or downspout should be attached to the pipe end and extended past the fill before 
discharging into the channel. Rock armor or other energy dissipation should be used at the outlet 
of culverts and flumes to prevent erosion by the fast moving flow. 

Soils eroded from the road surface can also be delivered to a stream when the road slopes towards 
the crossing. To prevent this, the road bed can be rock surfaced. If the road is unsurfaced, 
waterbars or rolling dips should be constructed above the crossing to disperse surface runoff. The 
road bed can also be insloped through the crossing, so water won't be delivered over the new fill, 
or the road can be outsloped with a berm to focus road surface water to a single point where it can 
then be carried down the fillslope in a metal berm-drain. Berms, however, are subject to failure 
and should only be used on roads that receive regular, wet weather maintenance. Regardless of the 
methods chosen, road surface runoff needs to be strictly controlled through the crossing. 

In addition to controlling road surface runoff, a fail-safe drainage design should be incorporated 
into every stream crossing fill so that streamflow will not be diverted out of the natural channel 
and down the road if the culvert plugs with sediment or debris. This requires the road to 
physically dip down into and out of each stream crossing, even on roads which are climbing 
across a hillslope. These changes in road grade at watercourse crossings are key to 
preventing serious stream crossing failures and gully erosion during large floods. 

Surface erosion on bare fillslopes and on the adjacent cutbanks, can also deliver sediment directly 
to the stream channel. Most of this erosion comes from raindrop impact and rilling or from 
shallow failures of saturated, loose or uncompacted soils during winter storms following 
construction. 

Silt fences or straw bale barriers can be constructed on extremely large fills and on steep bare soil 
areas to retain soil that erodes from the surface. Silt fences do not prevent erosion, they merely 
trap the sediment and keep it from moving off the site and into a stream. Silt fence barriers and 
check dams can also be installed in swales and across small ephemeral streams to trap sediment
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and control erosion. Installation of structures in channels requires careful design and 
construction, and long-term maintenance. They may have minimal effectiveness or actually cause 
unwanted erosion if they are improperly installed. Sediment retention dams are generally not an 
appropriate treatment for larger streams. 

The use of silt fence barriers and straw bale check dams have become standard operating practice 
in many construction sites. To be successful, these measures should be correctly applied and 
maintained for as long as they are left in-place. Straw bale structures, for example, need to be 
replaced every one or two years if they are to remain effective. However, incorrectly installed 
and maintained sediment retention structures can cause more erosion than might occur 
without such structures. Erosion control specialists (SCS or a private consultant) can assist in 
the designing and installing special erosion control structures. 

The best treatment for surface erosion on slopes less than about 50% is to mulch and 
vegetate the bare areas as quickly as possible. Surface erosion is immediately controlled on 
these slopes by applying a thick mulch, or a commercially-available mulching blanket, and by 
seeding the surface so a healthy stand of grass or legumes develops before major winter storms 
occur (Figure 78). On steeper slopes and in windy areas, a mulching blanket or a netting may be 
needed to keep the mulch in place and in contact with the ground surface. Very irregular ground 
surfaces may also need to be smoothed before applying mulch. Longer term erosion control 
requires planting or seeding fast growing woody species. 

 

Successful revegetation of stream crossings and other bare soil areas may not always be as simple 
as throwing out a standard mixture of grass seed. Site conditions such as soil type, exposure, 
aspect, elevation, summer and winter temperatures, soil dryness or moisture and other site factors 
may require use of unique or native plant species, special planting techniques, special planting 
times, fertilizer or soil amendments. A trained wildland botanist, plant ecologist, your local farm 
advisor, or the SCS should be consulted to see what is recommended for your area. 

Figure 78. Mulching and 
seeding are effective methods 
for controlling surface erosion 
from bare fill slopes. Mulch 
protects the soil until the grass 
and vegetation is firmly 
established. However, because 
it decomposes rapidly, straw 
mulch is effective for only the 
first year. After that, well 
established vegetation should 
provide the needed protection. 
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Notes: 
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CHAPTER VII: RECONSTRUCTION 

A. Introduction to reconstruction 
Road reconstruction provides an opportunity to upgrade and improve a road that is substandard in 
one or more elements of its design. Culverts can be upgraded to current standards, additional 
drainage structures can be installed, the road bed can be reshaped for improved surface drainage 
and fills which exhibit instability can be removed and/or stabilized. In general, stream crossings 
and unstable fill and cutslopes present the greatest challenge to road reconstruction, and the 
greatest opportunities for future erosion prevention and rehabilitation. 

B. Redesign considerations 
Only after careful consideration, weighing the economic and environmental benefits against the 
potential impacts, is it justified to reopen roads that 1) cross unstable hillslopes, 2) were 
constructed up the axis of a stream channel or 3) would require considerable earth moving with 
the potential for unacceptable erosion and stream sedimentation. In many cases, temporarily 
reopening a poorly built road (for a single summer season) may provide substantial positive 
environmental benefits if subsequent rehabilitation could reduce continuing or future erosion and 
sedimentation from the old alignment 

Decisions about reopening an abandoned road should be made on-site, after having inspected the 
entire route and reviewing the pros and cons of redisturbing the area. As a general rule, it is 
often worth removing even abundant revegetation along the abandoned route if there are 
substantial erosion prevention projects that could be completed during or following 
reconstruction. That is, it is often preferable to remove vegetation than to leave the vegetation 
intact and not treat potential and ongoing erosion "hot-spots" along the road alignment Removing 
vegetation and regrowth from the road prism, by itself, rarely causes serious erosion problems. 
When in doubt, ask for assistance from CDF, CDFG or a wildland erosion control specialist. 

Some large, washed-out stream crossings or short sections of road on steep, unstable slopes that 
have been entirely lost by past erosion or landsliding may not be worth rebuilding. In these cases, 
it may be preferable to reroute the road around the problem areas with a section of newly 
constructed road using modem construction techniques and standards. 
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When reconstruction of an older, existing route has been selected as preferable to new 
construction, efforts should be made to make improvements in the existing road where ever 
possible. High maintenance insloped roads can be converted to low maintenance outsloped routes 
(Figure 79). If the road is to be permanent, all drainage structures should be checked to determine 
whether or not they are capable of passing the 50-year flood flow, as is currently required of all 
newly constructed roads used for commercial forestry operations. Any stream crossings that 
require reconstruction should be redesigned for the higher level of protection, and it is a good 
idea to replace or remove all intact drainage structures that are undersized for the design storm 
flow. Humboldt log crossings that were commonly constructed on forest roads from the 1940's 
through the 1970's should be excavated and permanently removed or replaced with bridges or 
culverts designed to accommodate 50-year flood flows (Figure 80). 
 

 

Every stream crossing that currently has a high potential for stream diversion should be regraded 
so that the road dips into and out-of the crossing, thereby eliminating the diversion potential. 
Regrading the road, and adding rock surfacing, can be performed with a bulldozer in about one 
hour per site. Culverts should be retro-fitted with trash barriers above the inlets, and with 
downspouts and/or rock energy dissipation to prevent erosion at the outlet areas. 

All reconstruction work should be conducted in a manner that minimizes soil disturbance. Only 
areas which truly require earth moving should be disturbed. Typically, most of the old road 
surface will still be intact and require only minor grading to become passable. Ditches and 
cutbanks should be left undisturbed unless there are specific areas needing repair work. New 
sidecasting should be avoided in areas of steep slopes, near stream channels or where fills are 
unstable or oversteepened. As a general rule, landings should not be enlarged by new sidecasting. 

Figure 79. A former insloped road 
that was regraded and 
reconstructed to an outsloped 
configuration. Outsloping was 
performed to reduce erosion of the 
ditch and at the outlet of ditch relief 
culverts, and to lessen maintenance 
costs. The road bed was lowered 
about 8 inches along the outside 
edge of the fill and spoil was graded 
to cover the inboard ditch. The road 
was rock surfaced shortly after the 
photo as taken. 
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C. Reconstruction techniques 
The most efficient equipment for road reconstruction include a hydraulic excavator, bulldozer and 
a grader for final road smoothing. These versatile pieces of equipment can complete 
reconstruction with a minimum of soil disturbance and loss of vegetation. A standard size backhoe 
is generally too small to perform the excavations required for stream crossing reconstruction and 
removal of unstable road and landing fills. Dump trucks may be needed to endhaul slide debris. 

Many older roads were initially constructed with an insloped surface and an inside ditch. If 
conditions are appropriate, the rebuilt road can be converted to a low-impact outsloped surface 
with rolling dips to disperse road runoff. In ditched road segments, ditch relief culverts and other 
surface drainage improvements should be made to quickly direct water off the road surface. Many 
older seasonal and permanent roads have an outside berm which has been created and perpetuated 
by years of poor grading technique (Figure 81). Water flow off poorly drained roads can often be 
dramatically improved by outsloping, berm removal and/or other surface drainage improvements. 

Washed-out stream crossings present one of the most common obstacles on older roads that 
are to be reconstructed. Usually, part or all the fill has been eroded and lost downstream because 
the drainage structure was either too small, not maintained, or not installed. 

Washed-out stream crossings are reconstructed just like new ones, with all the same techniques 
and requirements. If the fill was only partially eroded from the crossing, the remaining material in 
the channel bottom will likely need to be excavated (down to the original channel bed) before a 
new culvert is installed. This may include removal of sediment and buried logs. 

Figure 80. Under-designed or 
unmaintained stream crossings 
on older roads are prone to 
failure during large storms. 
During road reconstruction, 
stream crossings should be 
redesigned for the 50-year flood 
flow. Under-designed culverts 
and Humboldt log crossings 
should be removed and upgraded. 
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If a temporary or permanent bridge is to be installed, all the fill should be removed from the old 
crossing, and the banks should be graded or excavated back to a stable angle. You can often tell 
that you have removed all the fill material from the former crossing when rounded boulders, old 
logs and branches, roots, in-place stumps and other features of the original bed and banks are 
exposed during excavation. 

Failed road benches can also present a serious obstacle to reconstruction. In areas of steep inner 
gorge slopes, failures of the entire width of the road bed can extend all the way downslope to a 
fish-bearing stream. Sidecastmg into the void in hopes of developing a new road bench at the-
same spot will usually result in direct sedimentation into the stream. The resulting fill would also 
be highly unstable. Road reconstruction where failures have removed most or all of the former 
road bench are likely to require an engineered solution, such a reinforced fill or a crib wall, and a 
qualified geotechnical engineer is should be consulted to design solutions for these difficult 
reconstruction sites. 

In many cases, the outer 10-50 percent of the road prism has been lost as a result of fillslope 
failures or sliver failures, in which only sidecast materials have moved downslope. If there is 
sufficient road width remaining for vehicles to pass, the unstable area should not be disturbed. 
Where some additional road width is needed, consider cutting into the inside bank rather than 
trying to build the fill back out. If fill material has not moved off-site, but is showing signs of 
pending failure (e.g., scarps displacing or offsetting the road prism), and the failed soils will be 
delivered to a stream, then the unstable material should be excavated and hauled to a stable 
storage site for disposal. 

Failed or unstable landing fills present similar problems on a larger scale, except that vehicle 
passage is usually not affected. Unstable landing fills usually result from mixing soils and woody 
debris together in the uncompacted sidecast around a landing perimeter. The fill face is often 
oversteepened by continued blading and sidecasting of landing wastes over the outside face of the 
landing. On steep slopes, these unstable fills and waste deposits can saturate with water and flow

Figure 81. Surface runoff problems 
cause by winter use of a bermed, 
unsurfaced road. Running surface is 
rutted and this acts to collect runoff 
and cause additional erosion. Lack 
of waterbars or rolling dips, 
together with the graded berm along  
the outside edge of the road, now 
acts to keep surface runoff on the 
road bed. Annual grading can 
produce an outside berm of soil and 
rock that should be pulled (graded) 
back onto the road surface before 
winter rains. 
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great distances downslope and into stream channels. In other cases, failed landing fill material 
may not be delivered to a stream channel, and only the run-out area is impacted through damage 
to regeneration and reduced site productivity. 

Each unstable landing fill should be evaluated to determine if it threatens downslope stream 
channels or other important resources. If it does, the unstable fill should be excavated and 
hauled to a stable storage site for disposal (Figure 82). Often, the inside of the landing is carved 
into bedrock and can serve as a suitable storage site for excavated fill materials. 

 

Cutslope failures which block the road surface generally represent a less serious erosion problem 
than fillslope failures, since the road bed may store much of the failed cutbank material and 
prevent it from moving downslope (Figure 83). Failed materials can usually be excavated off the 
road bed and hauled to a suitable storage site. Unless slopes are gentle and the road is not close to 
a stream channel, debris should not be sidecast from the road surface and onto the slopes below. 
Sometimes the material can be spread over the road bed, thereby raising the road surface and 
avoiding the need for expensive endhauling. 

D. Slash and spoil disposal 

Reconstruction of abandoned roads often involves substantial vegetation removal from the road 
surface. Slash should not be mixed in and sidecast with soil materials. Instead, it can be piled and 
burned on landings, or windrowed along the outside edge of the cleared fill. Spoil materials 
generated from road reconstruction (largely from cutbank failures), should be safely disposed in a 
stable location where it will not erode or enter a watercourse. Spoil disposal techniques are the 
same as for new road construction (see sections on construction and erosion control, and 
reconstruction techniques, above). 

Figure     82.     Excess sidecasting 
on forest roads and   landings   that   
are scheduled for reconstruction 
should be excavated before it fails 
and is delivered to a stream   
channel.    Often, potentially 
unstable spoil can be recognized by 
cracks and/or scarps along the 
margins of the road or landing 
surface. 
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E. Erosion control 
Erosion prevention and erosion control can actually be improved by road reconstruction. 
Upgrading or removing stream crossings and removing unstable fills can significantly reduce the 
likelihood that sediment will be delivered to stream channels. Even the temporary, single reuse 
of an abandoned road can serve as an opportunity to perform erosion control and erosion 
prevention when the road is permanently closed. 

Erosion control during reconstruction of permanent and seasonal roads is largely the same as for 
new construction. Surface erosion can be minimized by keeping excavation and soil exposure to a 
minimum, and by retaining as much roadside vegetation as possible. The largest potential source of 
erosion will be at reconstructed stream crossings. Use of temporary bridges, as well as protective 
measures at culvert inlets, culvert outlets, road surfaces, and fillslopes will help reduce the 
potential for accelerated erosion on reconstructed roads (see construction: stream crossings, 
above). 

The timing of reconstruction, especially stream crossings, can also help prevent and control 
unnecessary erosion. Stream crossing reconstruction should be performed during low water 
conditions. Winter period road reconstruction should only be performed during dry periods and 
when erosion control measures (mulching, waterbars, etc) can be installed concurrently with road 
rebuilding. Large sections of road should not be "opened" without performing concurrent erosion 
control work. 

Figure 83. Unstable embanks 
usually pose less of a threat to water 
quality than unstable fillslopes, but 
they may still be difficult to stabilize. 
Soil that is cleared from the road 
surface should be endhauled or 
pushed to a stable storage site and 
not sidecast over the outside edge of 
the road. In some  instances,  a  
slope buttress may need to be 
designed and installed to prevent 
further instability and road closures. 
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CHAPTER VIII: MAINTENANCE 

A. Introduction to road maintenance 
Regular road maintenance is essential to protect the road and to prevent environmental damage. 
All roads used for vehicle travel should be regularly inspected and maintained. If adequate 
personnel and financial resources are not available to provide for regular, long term 
maintenance, roads should be built (or rebuilt) as temporary, and then properly abandoned 
or closed at the end of the planned operations. Temporary roads that have been properly 
abandoned do not need continued maintenance and pose little threat to downstream resources. 

B. Inspection and maintenance schedules 

Roads and drainage structures along all roads should be inspected annually, at a minimum, prior 
to the beginning of the rainy season. Inspections should cover culvert inlets and outlets on stream 
crossings, ditch relief culverts, and road surface drainage such as waterbars, outsloping, and 
ditches. 

In addition to annual, pre-winter road and drainage structure inspections, crews are needed to 
inspect and perform emergency maintenance during and following peak winter storms. Shovel 
work at a culvert inlet that is beginning to plug can save the expenditure of thousands of dollars to 
rebuild an entire stream crossing after it has washed-out. 

Some drainage structures are more prone to problems than others. For example, culverts on 
streams with heavy sediment loads or floating woody debris may be more likely to plug. 
Landowners or land managers frequently know which culverts in their road system have had the 
most problems, and which are most likely to plug during a winter storm. In contrast, many 
culverts, ditches and road surfaces almost never have erosion problems, no matter how severe the 
winter storm. 

This background information can be used to develop a rating system and inspection plan for 
drainage structures in a watershed. Culverts can be coded by signs along the road. These signs 
note: 1) where the culvert is located (road name and milepost), 2) the diameter of the culvert, and 
3) a number or color coding (e.g., red, yellow and green) that signifies how likely the culvert is to 
plug, and, therefore, its relative need for inspection during winter storms (Figure 84). 
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The number or color coded rating system is based on past maintenance experience with that 
culvert, and is used in the field to alert inspection crews to which culverts should be inspected 
first during and following winter storms and floods. Culvert coding schemes are especially 
useful for large landowners or companies with many miles of road who may rely on 
employees unfamiliar with the road system to perform inspections and field maintenance. 
Culvert marking is also useful to grader operators, so they can avoid damaging culvert inlets 
when grading the road or ditch. Over time, each existing drainage structure within an ownership 
should be inventoried on a master file for quick reference. 

C. Maintaining permanent roads 

Road maintenance should address the road surface, cutbanks, and fillslopes, as well as drainage 
structures and erosion control measures. A poorly maintained road surface will channel water, 
reduce road life and increase erosion and sediment pollution to streams. It may also be difficult or 
hazardous to drive on and damage vehicles and equipment. 

The first rule of maintaining a stable road surface is to minimize hauling and grading 
during wet weather conditions, especially if the road is unsurfaced. But even the best surface 
can be severely damaged by overuse during wet or thawing ground conditions. Be aware of early 
signs of road damage. Serious damage to road surfaces begins with loss of road drainage and 
excess water standing on the surface. Ruts indicate that road strength is deteriorating. Shutting 
down for several days can save thousands of dollars in road repairs and prevent unnecessary 
erosion and sedimentation. 

Similarly, hauling on a dry road bed in the summer can chum and pulverize road surface material 
and create thick, loose layers of soil and rock powder (dust). Loose materials can then erode and 
flow into streams with the first fall runoff. Summer hauling should be accompanied by dust 
control and watering to maintain the road surface condition. Some dust abatement products can

Figure 84. Culvert signing is an 
integral part of developing a  culvert  
and  drainage structure maintenance 
plan. Included at this crossing are 
the stream name  (Puter Creek), the 
name of the road (5000 Road), the 
diameter of the culvert (84") and its 
location (0.6 miles from the 
beginning of the road). The signing 
can also be color coded (e.g., green, 
yellow, red) to indicate whether or 
not it is prone to plugging or other 
maintenance needs.  
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be pollutants, so caution should be used in their application near streams and drainages or where 
ditch flow leads to a watercourse. 

Road surfaces should be graded only when needed to maintain a stable, smooth running surface 
and to retain the original surface drainage. Over grading results in unnecessary erosion and 
increases road surface rock wear. Steep road sections will quickly loose their running surface 
with frequent grading, so raise the blade wherever grading is not needed! In addition, grading 
should only occur when the materials are slightly damp. Road surfaces graded when they are too 
dry will not compact and will result in subsequent erosion. 

Grading should cut deeply into the road surface so loose material will mix, compact and bind 
with underlying materials. If deep potholes or ruts cannot be graded out, the surface should be 
ripped and then graded and recompacted to achieve proper binding. Otherwise, individual holes 
and ruts that are patched will quickly reform in the same locations. Oversized rock fragments that 
come to the surface during grading can be moved off the side of the road. However, unplanned 
berms that concentrate runoff during winter rains should not be left along the outside edge of the 
road. 

Over years of hauling and grading, road surfacing materials gradually break down or are 
inadvertently moved off the side of the road. Steep sections of road and curves experience the 
highest rates of wear. Often, larger rock fragments are left jutting out of the road bed while the 
fine materials have been washed or blown away. This makes for a rough ride, and can 
significantly increase hauling times. When this occurs, it is time for the road to be resurfaced or 
restored. The road bed should be ripped and new loads of properly graded rock aggregate spread, 
mixed and compacted into the existing materials. If past grading has piled good surfacing 
materials along the outside edge of the road, it can be retrieved and worked back into the road 
bed. 

Where inside ditches are used, ditch maintenance is important in order to clear blockages and 
maintain the flow capacity required to remove surface runoff. Inspecting ditches during periods 
of high runoff will tell you which ditches need grading to improve their capacity, and which 
ditches are carrying too much water. Often, nothing more than shovel work at problem spots is 
required to solved ditch drainage problems. Additional ditch relief culverts can be installed to 
drain ditches that show signs of erosion or downcutting. Where sections of ditch cannot be 
drained, such as in a throughout, rock armoring should be installed. 

Frequent, routine mechanical grading of ditches is usually unnecessary and can cause 
erosion of the ditch, undermine cutbanks, and expose the toe of the cutslope to erosion. 
Ditches should be graded only when and where necessary. If cutbank slumps have blocked the 
ditch, clear out the material and move it to a stable storage site. Remove other sediment or 
restrictive brush and weeds from the ditch only if they create obvious drainage problems that 
affect the road surface. Do not remove more grass and weeds than is necessary to keep water 
moving. Vegetation prevents scour and filters out sediment If the ditch is not a problem, don't 
"fix" it. Routine mechanical ditch grading should be avoided. 

When "pulling" a ditch (mechanically grading and removing fine sediments), avoid pulling fine 
silts and clays across or into the surface rock of the road. This unfortunately common practice 
creates muddy surface conditions and potential for sediment pollution in streams during the next 
heavy rains. Large amounts of ditch spoil can be windrowed at the inside road shoulder for later 
endhauling by loader, backhoe and/or truck. 
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D. Maintaining seasonal roads 

Unsurfaced seasonal roads require almost the same maintenance effort as permanent roads, but 
are much more sensitive to wet weather use. These roads should not be used when wet, and 
hauling or other intensive vehicle activity should be limited to dry periods when soils retain their 
maximum natural strength. Road surface grading may be required after each period of intensive 
use, and prior to the rainy season, in order to maintain proper surface drainage. Dust control and 
watering during dry summer conditions is almost always necessary during intensive, dry season 
use to prevent excessive loss of surface materials (Figure 85). 

 

 

Figure 85a. Excessive mud during 
the winter (a) and excessive road 
dust during the   summer   (b)   are 
conditions which directly threaten 
water quality. Both conditions   
produce   and deliver large 
quantities of fine sediment to nearby 
stream   channels   during periods of 
surface runoff. This fine material 
can be especially damaging to fish 
and fish habitat. 

Figure 85b. 
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Seasonal, unsurfaced roads can be badly damaged by even occasional use during wet 
periods when the road bed is soft. Damage to road surfaces can occur almost as easily by a 
pickup as by a log truck. Traffic control (temporary or seasonal road closures) can be an effective 
method to protect the road surface, minimize erosion problems and reduce road maintenance 
costs (Figure 86). However, the use of gates or other barriers does not eliminate the need for 
annual and emergency winter maintenance inspection and repairs. 
 

 
 
In many cases, traffic control may require physically blocking the road. Gates are most often used 
for this because they provide temporary closure while still allowing access for emergency 
inspections and maintenance of drainage structures by authorized personnel. Gates should be 
strong and well anchored to prevent removal by vandals. More permanent alternatives to gates 
include large berms, ditches(tank traps), logs, stumps or boulders and physical outsloping (Figure 
87). These barriers make it very difficult to access and inspect the rest of the road for 
maintenance needs, and their use should be limited to spur roads with no stream crossings, roads 
which do not cross or come close to stream channels and roads which have been "permanently" 
closed. 

 

Figure 86. There are a variety of 
ways to close a road to off-season 
traffic, but it should always be 
remembered that barricading the 
road does not by itself prevent 
erosion along the alignment. 
Gating closes the road to 
unauthorized traffic but still allows 
for winter maintenance and 
inspections. If barricades or 
physical barriers are used, they 
must be removed with heavy 
equipment before maintenance 
activities can be performed. They 
should not be used on roads which 
have stream crossings since these 
need to be inspected and 
maintained during storms.  

Figure 87a. A more permanent closure method is to 
outslope the first 100 feet of the road. 
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E. Stream crossing maintenance 

Summer culvert inspections and maintenance is often performed at the same time as ditch 
maintenance. Culverts also need to be inspected and cleared during peak storms to prevent 
plugging. Problems found at such times should be corrected immediately, because delay can result 
in road damage requiring costly road repairs. The critical component of successful culvert 
maintenance is to fix problems before complete failure occurs. 

Hand, shovel and chain saw work can take care of almost all culvert maintenance needs  
(Figure 88). Floatable debris should be removed from the catch basin and material wedged in the 
culvert inlet or hung up in the debris barrier should be removed and placed where it cannot get 
back into the watercourse. Sediment deposits that threaten to plug the culvert may need to be 
excavated. Culvert ends that have been bent or damaged during grading or by falling trees or 
branches should be straightened and re-opened. Outlets that are experiencing erosion should be 
armored or fitted with a downspout, and culverts that continue to experience overflow problems 
may need a larger pipe, or a second, overflow pipe installed at the crossing. 

Bridges and fords may also require maintenance. Permanent fords that show erosion may need 
additional rock armor. However, except for emergency repairs, equipment should avoid operating 
in the flowing water of a ford, and re-armoring may have to wait until low flow conditions, or at 
least until peak flows subside. 

In contrast, riprap and other bridge abutment protection should be repaired as soon as damage is 
noticed to prevent loss of bridge foundations and approaches. Floating trees and other debris that 
becomes lodged in the bridge structure should be cut free and removed or floated downstream. 
When cleaning bridge decks, soil and debris should be scraped to the adjacent road or hauled off. 
Material should not be dumped, scraped or washed into the stream. This is especially important 
during low flow conditions in the summer or fall. 

Figure   87b.   Outsloping should 
only be used on temporary roads 
where all stream crossings have first 
been removed. 
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All road grading should take material away from the bridge, and loose spoil should be kept away 
from the stream. If the approaches are persistently muddy during wet conditions, and cause trucks 
to bring dirt onto the bridge decking, then the approaches should be rock surfaced or paved. 

F. Maintaining cuts and fills 

The key to maintaining cut and fillslopes, including sidecast materials, is to observe and note 
when and how changes to these features occur. Corrective measures can then be implemented, 
depending on the problem. 

Typical cutslope problems include excessive ravelling, rilling, and slumping which may block the 
ditch or require frequent ditch cleaning and maintenance. In the long term, it may be necessary to 
flatten the cutslope, revegetate bare soil areas, widen the ditch (so that it does not plug so easily), 
install ravel barriers on the slope and at the base, and/or build a retaining structure to contain or 
prevent slope movement. Often, simply loading the toe of a small cutbank slump with heavy 
riprap can provide sufficient weight to stabilize the feature. Stabilizing or controlling the 
movement of larger unstable areas may require analysis by an engineer or engineering geologist 

Instability in fillslopes and sidecast materials often shows up on the surface or edge of the road as 
tension cracks and small scarps along the boundary of the unstable materials. The outside 
perimeter of landings build using sidecast methods commonly show such developing instabilities. 
Some settling of newly placed sidecast can be expected, but if movement persists and scarps 
continue to develop, the unstable materials should be excavated and removed, including organic 
debris, before they fail. If the potential instability is perched above a stream channel immediate 
treatment is usually required (Figure 89). 

Figure 88. Most culvert 
maintenance        involves cleaning 
the inlet of sediment or woody 
debris. This trash rack, built over 
the culvert inlet, was nearly 
plugged during a normal winter 
storm.    Without    storm 
maintenance inspections such 
minor culvert plugging often ends 
up causing severe gully erosion 
when the stream/low is diverted out 
of its channel, or it flows over and 
erodes the stream crossing/ill. 
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Regular inspection and prevention (including excavation) is the key to maintaining stable 
fillslopes and sidecast areas. Local slides and slumps in the road bed often occur where material 
was placed or pushed over groundwater springs or seeps, where the road crosses steep swales, or 
where rotting roots, stumps or organic debris have been buried. These areas should be closely 
monitored and require fast action if cracks or scarps develop. Improved drainage (e.g., extra 
ditches), excavation of unsuitable soils or buried materials, or retaining walls may be needed. Left 
untreated, these unstable features can fail suddenly and develop into debris flows and landslides 
that deliver large amounts of sediment directly to downslope stream channels. 

Figure 89a. Unstable fill along the 
outside edge of active roads can 
often be excavated   and   removed 
without  impeding  normal traffic. In 
photo "a," 12 inch scarps bound 
unstable fill that threatens to fail on 
steep slopes above a perennial 
stream. 

Figure 89b. In photo "V" an 
excavator was used to remove the 
unstable fill so it could be endhauled 
to a stable storage location. The road 
was still sufficiently wide for vehicle 
traffic after the erosion-proofing 
work was completed. 
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G. Winterizing roads 
Before winter, all permanent, seasonal and temporary roads should be inspected and prepared for 
the coming rains. Winterizing consists of maintenance and erosion control work needed to drain 
the road surface, to ensure free flowing ditches and drains, and to open all culverts to their 
maximum capacity. On unsurfaced roads, waterbars may be required at spacings dictated by the 
road gradient and the credibility of the soil (Table 3). Trash barriers, culvert inlet basins and pipe 
inlets should all be cleaned of floatable debris and sediment accumulations. Ditches that are 
partially or entirely plugged with soil and debris should be cleaned and heavy concentrations of 
vegetation which impede ditch flow should be trimmed. This is also the best dme to excavate all 
unstable or potentially unstable fills and sidecast which could fail and be delivered to a 
watercourse during the coming winter. Once seasonal and temporary roads have been winterized, 
they should be gated and closed to "non-essential" traffic. 

H. Spoil disposal 

If excavations, grading and culvert basin cleaning and maintenance produces excess material, it 
should be stored locally or hauled away. Spoil may be feathered over the road, but on permanent 
roads, excess fine material may produce unwanted muddy conditions after the first rain. Spoil 
material should be hauled to a stable site safely distant from streams, contoured to disperse 
runoff and stabilized with mulch and vegetation. Excess spoil from maintenance activities should 
never be sidecast near streams. Berms of excess spoil along the road shoulder should be removed 
or frequently breached prior to the rainy season. 
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CHAPTER IX: CLOSURE AND ABANDONMENT 

A. Introduction to road closure and abandonment 
There are many reasons for closing or proactively "abandoning" a forest or ranch road, most of 
which involve excessive maintenance costs, lack of continued need or continuing water quality 
problems (Table 25). Not all roads need to be part of the permanent or seasonal road system. For 
example, temporary roads are used once, and then "put-to-bed" until they are needed again. In 
addition to newly built temporary roads, there are many miles of existing roads that may no 
longer be needed, and older abandoned roads that are now overgrown. The same techniques can 
be used to "erosion-proof these older roads to prevent future erosion and sediment yield, and, as 
an added benefit or incentive, save the work and expense of continued maintenance. 

Table 25. Conditions commonly leading to road closure  
 
1. Roads constructed for temporary access (designated temporary roads) 
 
2. Spur roads which are no longer needed for management for the next few years or for many years (e.g., all 
timber has been cut) 
 
3. Roads with excessively high maintenance costs 
 
4. Roads which have persistent erosion and water quality problems, often located in areas of extremely credible 
soils  
 
5. Roads crossing extremely steep slopes or inner gorge locations where landsliding risk is high and sediment 
could enter stream channels  
 
6. Roads crossing slopes with high or extreme landslide risk or on-going landslide activity caused by 
incompetent bedrock or unstable soils 
 
7. Roads exhibiting potential for large fillslope or cutbank failures, often showing tension cracks and scarps in 
the roadbed 
 
8. Roads built with excessive sidecast or fill in unstable locations or perched above stream channels  
 
9. Old roads built in, along or immediately adjacent stream channels or up narrow stream channel valleys 
 
10. Old, abandoned roads which have overgrown with vegetation and now have washed-out stream crossings 
and/or fill failures 
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Roads may be divided into four activity classes: 

Active roads  are part of the overall road network that must be actively inspected and maintained. 
These maintenance methods have already been described above. 

Inactive roads  are those needed only infrequently, for fire control, tree thinning or other 
intermittent forest or ranch activities. These roads remain largely unused for most of the year, or 
for several years in succession. There is a tendency to not maintain these routes because they are 
not often used, have low traffic volumes, and may only be used intermittently for administrative 
purposes. However, all drainage structures on inactive roads must still be inspected and 
maintained because they are just as likely to plug and fail as those on more actively travelled 
routes. 

Temporary roads  are constructed or reconstructed for a single entry access to an area, such as for 
harvesting an isolated stand of timber. These temporary roads are "put-to-bed" following their use, 
with stream crossings being removed using the techniques described in Chapter VI. Forest practice 
regulations for state and private lands currently require such preventive practices to stabilize 
temporary roads when they are closed. 

Abandoned roads  were previously a part of the active road network, but are no longer used. Many 
are now overgrown. There are thousands of miles of these abandoned roads on private forest and 
ranch lands in the state. They may have been abandoned because they were no longer needed, or 
because they cross unstable areas, require excessive maintenance or cause persistent environmental 
damage. Most have drainage structures which are in disrepair and are no longer being maintained. 
These abandoned roads represent one of the greatest future threats of non-point source 
pollution from roaded, managed wildland watersheds. Landowners and resource managers 
should work aggressively to inventory and proactively treat these potential sources of erosion 
and sedimentation. 

Good land stewardship requires that all roads designated as part of a drivable road network 
be regularly inspected and maintained to protect water quality, regardless of how frequently 
they are used. Inactive and temporary roads that contain culverted stream crossings and other 
drainage structures require inspection and maintenance, and they should not be abandoned without 
first employing proper road closure techniques. 

Any road that is not regularly inspected and maintained should be "put-to-bed" so they will 
not have the potential to impact streams and water quality. Roads should never be 
abandoned by simply blocking them off or letting vegetation take over without first "erosion-
proofing" drainage structures and performing proactive erosion control work along the road 
alignment. 

B. Techniques for road closure 

It is no longer enough to close roads by simply closing a gate or blocking a road, because these 
actions will not prevent future road failure and future water quality problems (Figure 90). Specific 
techniques, described below, are available to successfully prevent road- and landing-related debris 
flows, to prevent or correct stream diversions (the leading cause of serious gullying in many areas), 
to prevent stream crossing washouts and fill failures, to dewater gullies and landslides fed
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by road runoff, and to control surface erosion (rilling and ravelling) from abandoned road 
surfaces and fillslopes. 
 

 

Closing a road does not imply that every foot of the road needs intensive treatment to prevent 
future erosion. Rather, the goal of proactive road closure is to aggressively treat only those 
segments of road which have a potential to generate erosion and to yield sediment to stream 
channels. Segments of road which pose no risk of sediment delivery can be left intact and receive 
only minimal road drainage improvements. When the road is again needed to provide access to 
the area, it can be reconstructed with minimal effort. 

Planned, systematic road closure can be an inexpensive and effective technique for minimizing 
long-term resource damage caused by roads built in steep areas and can prevent large scale 
damage to road alignments that require costly repairs if the road is to be reopened for future use. 
It also provides land managers with an opportunity to permanently prevent or control the majority 
of post-construction road-related erosion and its associated on-site and downstream impacts. In 
addition, implementing technically sound road closure practices also minimizes structural damage 
to widespread, expensive forest and ranch land road networks that cannot be economically 
maintained for the long time period between harvest rotations or other land uses. 

There is little difference between treatments that are meant to permanently close a road 
and those designed for temporary closure. When a temporary road is built, or when a 
permanent or seasonal road is to be closed and taken off the active road network, erosion 
prevention work should be performed so that continued maintenance is not necessary. All 
closed roads should be "erosion-proofed" by excavating stream crossings and removing 
culverts, excavating unstable road and landing fills, treating the ditch and road surface to 
disperse runoff and prevent surface erosion, and planting bare soil areas. 

The goal of road closure is to leave the road so that little or no maintenance is required for 
stability while the road is unused. Heavy equipment used for road closure typically includes a 
hydraulic excavator (a standard backhoe is too small and generally not versatile enough to

Figure 90. Gating a road closes 
it to unauthorized traffic, but 
does nothing to protect the road 
from erosion. Scarps in the road 
fill behind this gate signal a   
slope   failure   that threatens    to    
deliver sediment to an adjacent 
fish-bearing stream. 
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effectively perform road closure tasks), a bulldozer (D6 to D7 size, with hydraulic rippers for 
decompacting rocked roads) and dump trucks (when needed for endhauling spoil and debris to 
stable storage sites). 

Typical road closure treatments are described below. 

1. Stream crossing excavations 

All stream crossings on temporary or abandoned seasonal and permanent roads need to be 
completely removed before the first winter period following their installation or closure (if not, 
they should be capable of passing the 50-year flood flow for that channel). 

Removing a stream crossing involves excavating and removing all materials placed in the stream 
channel when the crossing was built. Fill material should be excavated to recreate the original 
channel grade (slope) and orientation, with a channel bed that is as wide or slightly wider than the 
original watercourse (Figure 91). If the channel sideslopes were disturbed, they should be graded 
("pulled" or excavated) back to a stable angle (generally less than 50%) to prevent slumping and 
soil movement. The bare soils should then be mulched, seeded and/or armored to minimize 
erosion until vegetation can protect the surface, and the approaching road segments should be 
cross-road drained to prevent road runoff from discharging across the freshly excavated channel 
sideslopes. 
 

 
 

Procedures for removing crossings on abandoned, permanent or seasonal roads are similar to 
those used on temporary roads. Both culverted and unculverted stream crossings (e.g., culverts 
and Humboldt log crossings) should be completely excavated or removed so that no soil 
materials are left in or next to the channel following road closure. It is not enough to simply 
excavate and remove the culvert; the entire fill must also be excavated. As with temporary 
stream crossings, the excavation should extend down to the level of the original channel bed, 
with a channel as wide or wider than the original channel. Channel sideslopes should be sloped 
back to a stable angle and spoil material removed to a stable storage site. Erosion control 
measures, such as seeding, planting and mulching, should be applied to prevent subsequent 
surface erosion (Figure 92). 

Figure 91. On roads that are to be closed, all stream 
crossing culverts and fills should be removed. Stream 
crossing excavations are best performed using an 
excavator. Spoil can usually be stored on the road 
bench adjacent the crossing provided it is placed and 
stabilized where it will not erode and   enter   the   
channel   (Furbniss, et.al.,1991). 
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2. Treatment of unstable areas 

Any unstable or potentially unstable road or landing fills (or sidecast) should be excavated and 
stabilized so material does not fail and enter a watercourse or destroy down-slope vegetation. 
Such areas include sidecast and fill materials which show recently developed scarps or cracks 
(Figure 93). These sites occur most often 1) around the perimeter of landings, 2) on sidecast 
constructed roads built on steep slopes, 3) where roads have been built on steep slopes over 
springs or seeps, or 4) where roads have been cut into steep headwater swales or "dips" in the 
hillside. Cribbed fills which were installed at unstable areas during road construction or 
reconstruction should also be removed and outsloped if they could fail into a downslope stream 
channel. 

Figure    92a.    Stream crossing 
on a temporary road before (a) 
and after (b) it was excavated 
and the road was closed (person 
is standing over the axis of the 
stream channel}. Since the road 
bed is still intact everywhere but 
at the stream crossings, it can be 
reopened    by    simply 
reinstalling the culverts. In the 
meantime, no road maintenance 
is required. 

Figure 92b. 
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Potentially unstable road material that is likely to enter a Class I, II, or III watercourse or damage 
reproduction or other sensitive resources should be excavated and treated during road closure 
operations. All spoil material should be placed in a stable location and revegetated. Spoil disposal 
sites include the cut portion of closed roads and the inside portion of landings and turnouts. 

Cutbank failure materials are often completely caught and stored on the adjacent road prism. For 
this reason, cutbank instabilities often do not need the same amount of "erosion-proofing" and 
stabilizing as is needed on fillslopes and stream crossings. Some buttressing, revegetation and 
upslope drainage control may be required to prevent larger failures and erosion that could affect

Figure 93a. Excavation of unstable 
landing fill on a road     scheduled    
for permanent   closure:   (a) 
before excavation. 

Figure  93b.  (b)   after 
excavation. 
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water quality. No active ditches or diversions should be left at the base of an unstable or ravelling 
cutbank on a closed road. In fact, ditches should not be left open and functioning when a road is 
closed because all ditches are likely to eventually become plugged with sediment or vegetation 
and cause water to be diverted onto the road surface. 

3. Road surface runoff and other drainage structures 

Roads that are to be closed and unmaintained should have adequate, self-maintaining surface 
drainage so that the road surface is stable and will not erode and deliver sediment to a stream. 

Most temporary roads should have been built as outsloped roads, and any ditched segments of 
roads to be closed should be outsloped or drained with cross road ditches during closure 
operations. Outside road berms should be removed to encourage continuous drainage off the road 
surface. 

Inside road ditches should be eliminated when closing temporary and abandoned roads so that 
water is not diverted and gullies do not form. Drains should be made deeper than standard 
waterbars and extend all the way from the cutbank to the outside edge of the road in order to 
intercept all ditch flow. On steep sections of road (>10%) cross drains should be skewed at 45% 
to the road alignment (instead of the usual 30%) to reduce the threat of erosion at the inlet (Figure 
94). Since inside ditches will be breached and no longer carry runoff, ditch relief culverts are no 
longer needed on closed roads and can be either removed and salvaged or left in-place. 

Cross-road drains should be placed frequently enough such that flow through individual drains 
will not require the use of rock armor energy dissipators to prevent erosion at the outlet. 
However, cross drains that carry spring flow or flow from small upslope gullies may require 
armoring at their outlet and should be discharged into vegetation to filter water and sediment 
before runoff reaches a stream. 

 

Figure 94. Insloped and ditched 
roads, especially those with 
springs and seeps on the 
cutbanks, should have cross road 
drains   constructed   to provide 
drainage across the alignment. 
Drains can be installed at wet 
areas along the cutbank, or at 
intervals frequent enough to 
prevent gullying of the roadbed 
between drains.  
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Ripping and planting abandoned roads can reduce runoff and erosion, and greatly increase the 
amount of forest and ranch land in production. Ideally, the abandoned road surface should be 
scarified (ripped to a depth of 15-24 inches), outsloped at least 4% more than the road grade, 
waterbarred, seeded and planted to control surface runoff and erosion (Figure 95). Wet, spring-fed 
cutbanks along outsloped roads should not be covered with spoil, and roads that are not outsloped 
should have frequent cross-road drains installed. Tree growth on compacted or rocked road 
surfaces is generally much slower that on adjacent, uncompacted sites unless the roadbed is 
mechanically ripped. Ripping is most effective in breaking compaction and promoting tree 
growth when it is conducted with a winged subsoiler that lifts and shatters the soil. Ripping can 
also be performed using hydraulically operated chisel teeth mounted on the back of a large 
tractor, although several passes may be required to disaggregate the entire roadbed. 

 

 

Figure 95a. On forest roads which 
are to be formally closed, rather 
than just "abandoned," the 
roadbed can be returned to forest 
production by ripping and 
disaggregating the surface and 
then planting with trees. Photos 
"a" and "b" show a road/landing 
before and after decompaction. 
This simple,  inexpensive process 
also helps reduce runoff  from  
compacted areas.  

Figure 95b. "After.' 
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4. Erosion control 

Most erosion control work along closed roads is accomplished by 1) the physical excavation of 
stream crossings, unstable fills and landing sidecast, 2) installation of cross-road drains, 3) road 
ripping, and 4) local road outsloping. These techniques are usually performed by heavy 
equipment. Other hand-labor erosion control and revegetation practices that may be of use 
include mulching, installation of energy dissipation (e.g., rock armoring and woody debris), 
seeding and planting. 

The banks of all excavated stream crossings, as well as all bare soil areas immediately adjacent a 
watercourse, should be mulched with straw (3,000 to 5,000 Ibs/acre) or another mulching 
product. On slopes over about 45%, or where high winds are common, mulches will need to be 
tacked, punched or secured to the ground surface to hold them in-place and against the ground. 
Straw can be punched into loose soil using shovels, crimpers or a spiked roller, or held onto the 
surface using a netting or a "tacking" spray. Mulches can also be purchased in rolls, in which the 
mulch is bound between fine plastic netting, which can then be rolled out and secured or 
"stapled" to the ground. 

If rock armor materials are plentiful, the channel-bottom of excavated stream crossings can be 
armored with well graded rock to minimize subsequent channel downcutting or widening. 
However, rock armor should not be necessary for erosion control if all fill material is removed 
from the crossing and the original channel profile and sideslope configuration are reconstructed 
by excavation. If the natural channel armor was not removed during initial culvert installation, it 
should be sufficient to protect the channel from downcutting. 

Rock and/or woody debris can be placed at the outlets to cross-road drains that are expected to 
carry substantial spring-flow. Rock armor is generally preferable because it is more permanent 
and adjusts its position when there is minor channel downcutting. 

 

5. Revegetation 

Vegetation is the ultimate, long-term erosion control agent. However, because it takes time to 
grow a thick, effective cover, some physical erosion control measures (such as straw mulch or 
"silt fences") are often needed for the first year or two following road construction or closure. 
Seeding with grass and legumes reduces surface erosion and can improve soil physical condition. 
Planting trees and shrubs adds longer lasting vegetative cover and provides stronger root systems 
which enhances slope stability. Within their appropriate range, conifers, hardwoods and other tree 
species provide for long term land stability and erosion control. 

Seeding with grass and other fast growing species can be used to protect slopes from raindrop and 
rill erosion, if it is planted and grows to provide a thick cover before the first fall rains. Planting is 
best conducted immediately after the surface is disturbed. The rough surface provides miniature 
traps for seeds, fertilizer and rain water, creating a favorable environment for seed germination 
and growth. Mulches increase seedling establishment by improving germinating conditions and 
controlling erosion until the plants become established. 

The two basic methods for spreading seed are dry seeding and hydraulic seeding. Each method is 
suited for specific ground conditions (Table 26). Dry seeding and fertilizing along small roads is 
often done with cyclone-type rotary seeders. This method is usually done by hand for road-related 
applications,   but  may  also  be  performed  by  truck  and  aerial  application  for  larger  jobs.     Hand 
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seeders are typically restricted to moderate or gentle slopes and can shoot seed and fertilizer from 
15 to 20 feet. Drilling seed into the planting bed ensures an even distribution, but may not be 
possible due to the steepness of many road cuts and fills. In hydraulic seeding (hydro-seeding), 
seed, mulch (or binder) and fertilizer is applied in a water-based slurry from a pump truck or 
portable trailer. Hydroseeding may be necessary for planting 1:1 or steeper slopes, where the seed 
must be "tacked" to the slope because of high ravel or erosion rates. 

Table 26. Guidelines for seeding method selection1 
 
Site conditions 
 

Sample situations 
 

Seeding method 
 

Steep (>50%) or windy slopes, 
high to extreme erosion 
hazard 
 

steep c utbanks and fillslopes  
 

hydraulic seeding with a sprayed or tacked 
mulch 
 

Moderate (30-50%) and steep 
slopes, medium to high erosion 
hazard 
 

moderate and steep cutbanks and fillslopes; 
stream crossing fills  and bridge sites  
 

hydraulic seeding or dry seeding with a 
mulch 
 

Gentle and moderate slopes, 
medium to high erosion 
hazard 
 

cutbanks, fillslopes and spoil disposal sites 
not near a watercourse 
 

hydraulic seeding or dry seeding; mulch 
where needed 
 

Gentle and moderate slopes, 
low to moderate erosion 
hazard 
 

cutbanks, fillslopes and spoil disposal sites 
not near a watercourse 
 

dry seeding; mulch if needed to improve 
revegetation 
 

 
1 Modified from B.C.M.F., 1991 

Regardless of the method selected, seed must be evenly distributed to result in a continuous plant 
cover. Seeding onto a roughened soil surface or thinly covering the seed with soil ensures good 
germination. In dry climates or in soils with poor water holding capacities, broadcast seeding 
may yield poor results unless the seeds are covered. 

Severely disturbed sub-soils and cutbank exposures are usually infertile, and fertilizer 
applications containing nitrogen (N), phosphorous (P), potassium (K), and occasionally sulphur 
(S) may be needed for successful grass-legume establishment and growth. Fertilization rates vary 
according to the level of nutrients needed for establishment Soils can be tested for nutrient 
content before fertilizer mixes are prepared. More often, commercial mixes are used which 
provide all the necessary nutrients for plant growth. 

Parent materials and subsoils are always deficient in nitrogen. A common recommendation is to 
broadcast ammonium phosphate sulfate fertilizer (16-20-0) at the rate of 500 Ibs/acre at planting 
time. This provides sufficient nutrients for the first growing season. Critical sites (e.g., stream 
crossings) may need to be refertilized after 3 to 5 years to maintain plant vigor and an adequate 
ground cover. Planting legumes in infertile soils is often suggested because they are able to grow 
without nitrogen fertilizer. Before seeding, legume seeds require inoculation with a nitrogen 
fixing bacteria which then grows on its roots. 

Typically, a combination of 2 to 5 species, including sod forming grasses, bunch grasses and 
legumes, is used for erosion control. Legumes are included for their deeper roots and nitrogen
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fixing capability. Seed mixes suitable for an area depend on the soil and climatic conditions of the 
site. Seeding rate depends on the desired species mix, seed weight and viability of the seed stock. 

The California interagency seeding guide for erosion control plantings (1986) is a short 
publication which describes general seed mixes which have been found to be useful for erosion 
control within the mediterranean climate of California (Table 27). It describes seeding rates and 
environmental requirements for a number of proven perennial and annual grasses, annual clovers 
and vetch, one shrub and several flower species, and outlines the steps to successful plantings. 

The most important considerations in seeding are timing of application, even distribution of seed 
and covering the seed with soil. Planting at the wrong time is the most common reason for 
seeding failure. Seeding must be done early enough in the growing season so that an adequate 
ground cover can become established before the critical winter period. Seed application should 
begin immediately following heavy equipment operations and soil disturbance, and a minimum of 
6 weeks before periods of drought or damaging frost. Fall seeding is best in areas with summer 
drought. 

Planting and seeding for erosion control requires the development of a rapid, persistent and 
continuous plant cover. Annual grasses often produce the quickest protection, but are only a 
temporary solution and can sometimes actually impede the growth of other plants. Perennial 
grasses are slower to establish but provide better root systems than annuals. Perennials may also 
have difficulty competing and surviving when seeded with annual grasses in the same mix. 
Annual legumes provide nitrogen to the soil as they grow, but they too are relatively slow to grow 
and may not compete well with heavily seeded annual grasses. Shrubs and trees are slow to 
provide a ground cover, and may not compete well when seeded with other species, but they often 
provide the best long term stability to a disturbed road site. Native shrubs and trees will seed 
naturally to many disturbed sites in forested areas. Planting or transplanting can be used to speed 
their return. 

Utilizing a mix of seeds increases the likelihood that one of the plant species will find local 
conditions favorable and produce a good plant cover. If a commercial seed mix is used, it is 
important that plants known to be effective in erosion control be found in the mix, that the species 
are adapted to grow in the local environment, and that the species are compatible in mixtures (i.e., 
that one doesn't out-compete the other). In general, seed mixes should be kept simple. The grass-
legume ratio, by live pure seed, should be about 70:30 in humid regions and 80:20 in dry regions. 
It is a good idea to consult your local Soil Conservation Service office or Resource Conservation 
District for seeding recommendations for your specific area and need. 

Following seeding, all bare soils on newly constructed, reconstructed and closed roads should be 
planted with trees and/or other woody vegetation. In addition, the slopes and channel banks 
adjacent to excavated stream crossings can be planted with willow, alder or other riparian tree 
species (Table 28) and shrub species (Table 29) compatible with the local site conditions. These 
woody species take longer to become established, but they provide the long-term ground cover 
and soil binding needed for effective erosion prevention, soil development and slope stability on 
these heavily disturbed sites. 
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Table 27. Species, growth characteristics and minimum seeding rates of plants 
know to be effective in controlling erosion on California forest and ranch lands1 

 

LBS/Acre pure live seed2 

 

Species 

 

Characteristics  

 

Planting 

 

Good 
seedbed3 

 

Poor 
seedbed4 

 

Minimum 
annual 

rainfall (in) 

 

Growth rate/ 
longevity 

 

Annual Grasses 
(usually fast growing, adaptable and competitive) 

 
Annual or 
Wimmera- 
62 ryegrass 

 

fast, winter growing, short -lived grass, requires 
fertilization to persist, very competitive (to the 

detriment of other seeded plants)  
 

never plant with perennial grasses, legumes or flowers; 
should be less than 50% of any annual grass mix  

 

22 
 

50 
 

12 
 

fast, short -lived 
 

Barley 
 

winter grain, grows fast and tall, 
 

may be seeded at 100 Ibs/acre without being overly 
competitive 

 

150 
 

200 
 

12 
 

fast, temporary 
 

Blando brome 
 

winter growing, self seeding grass, very adaptable 
to various climates 

 

use in any proportion with annual grasses, keep to less 
than 70% when planted with legumes; should not be 

planted with flowers or perennial grasses 
 

15 
 

50 
 

12 
 

fast, reseeds 
 

Panoche red 
brome 

 

winter active, self-seeding grass, common in low 
rainfall areas; very drought tolerant 

 

best if planted alone in droughty areas; in wetter areas 
may be used as 25% mix with legumes, flowers or 

shrubs 
 

10 
 

20 
 

7 
 

fast, reseeds 
 

Zorro annual 
fescue 

 

winter growing, early maturing, self seeding grass; 
very drought tolerant; good in low-fertility, acid 

soils 
 

is compatible with perennial native grasses and shrubs, 
can comprise 70% of mix with annual legumes and 

25% of mix with flowers, legumes and shrubs 
 

10 
 

20 
 

10 
 

fast, reseeds 
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Table 27. (continued)  
 

LBS/Acre pure live seed2 

 

Species 

 

Characteristics  

 

Planting 

 

Good 
seedbed3 

 

Poor  
seedbed4 

 

Minimum 
annual 

rainfall (in) 

 

Growth rate/ 
longevity 

 

Perennial Grasses 
(usually restricted to sites requiring deep rooting and/or minimum maintenance; are slow growing in the first year and do not compete well with most 

annual grasses; flowers or annual grasses may constitute up to 50% of a mix with perennial grasses)  
 Berber 

orchardgrass 
 

long lived, drought tolerant bunch grass; good for 
dryland areas 

 

Palestine orchardgrass may be substituted as second 
choice, but no others will survive without irrigation 

 

10 
 

20 
 

16 
 

medium 
 

Luna pubescent 
wheatgrass 

 

long lived, fast maturing, sod forming, winter active 
grass 

 

often used on deeper soils such as fillslopes, including 
serpentine soils 

 

20 
 

40 
 

16 
 

slow 
 

Mission 
veldtgrass 

 

long lived, densely tufed bunchgrass 
 

outstanding in coastal sandy soils 
 

30 
 

40 
 

14 
 

slow 
 

Smilo 
 

long lived, drought tolerant bunchgrass 
 

best on well drained soils that once grew chamise in 
brushlands; best stands obtained after fire 

 

10 
 

20 
 

16 
 

slow 
 

Annual clovers and vetch  
Annual clovers are used because of their ability to provide their own nitrogen. This make them suitable for low fertility areas that would otherwise need  

fertilizer. The seed should be inoculated with nitrogen fixing bacteria prior to planting. May be seeded alone or in mixes. 
Rose clover 

 
self seeding legume 

 
used of slightly acid soils 

 
20 

 
30 

 
10 

 
medium, reseeds 

 Lana wollypod 
vetch 

 

widely adapted, self seeding legume 
 

useful for providing wildlife food and habitat, 
alternates should be used in fire hazard areas 

 

45 
 

60 
 

14 
 

medium, reseeds 
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Table 27. (Continued)  
 

LBS/Acre pure live seed2 

 

Species 

 

Characteristics  

 

Planting 

 

Good 
seedbed3 

 

Poor 
seedbed4 

 

Minimum 
annual 

rainfall (in) 

 

Growth rate/ 
longevity 

 

Shrubs 
Most shrubs must be transplanted from cans or liners; these may be directly seeded.  

 
Australian 
saltbush  

 

low growing, semi-prostrate perennial; plant is 
drought and alkali tolerant 

 

— 
 

15 
 

20 
 

10 
 

slow 
 

Duro California 
buckwheat  

 

widely adapted and drought tolerant 
 

used extensively in road side seeding, is adapted to 
much of the state 

 

10 
 

20 
 

10 
 

slow 
 

Flowers 
Flowers are useful for short duration cover on sites with low erosion potential; seldom persist for more than 1-2 years; do not plant with annual grasses and do not fertilize with 

nitrogen. Poppies and lupine have the record for persisting the longest of most flowers.  
 

California 
poppies 

 

can be planted on most weed-free soils; will not 
compete with grasses or weeds 

 

— 
 

5 
 

20 
 

10 
 

slow 
 

Lupine 
 

adapted to a variety of soils; lupine should be 
inoculated with bacteria before seeding 

 

several varieties of Lupinus may be planted 
 

5 
 

20 
 

10 
 

slow 
 

 
1 from California Interagency Seeding Guide for Erosion Control Plantings. Plants are known to control erosion in the mediterranean climate of California. Specific soils and rainfall may limit the use of each 
species. Suggested seeding rates are minimum; consider increasing rates as difficulty of site and climate increase. 
 
2 "pure-live seed" = % germination x % purity divided by 100. 
 
3 "Good seedbed" = seed covered with soil, slopes 3:1 or flatter, straw secured to slope surface at 1.5 to 2 tons/acre. 
 
4 "Poor seedbed" = poor soil, steep slopes, no seed coverage (no mulch). May be hydroseeded.  
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Table 28. Recommended tree species for revegetating riparian zones1 
 

Riparian species (common name) 
 

Coastal 
 

Interior valley 
 

Interior foothill 
 

California buckeye 
 

 
 

X 
 

X 
 

Bigleaf maple 
 

X 
 

X 
 

 
 

California box elder 
 

 
 

X 
 

 
 

White alder 
 

X 
 

 
 

X 
 

Red alder 
 

X 
 

 
 

 
 

California black walnut  
 

 
 

X 
 

X 
 

Western sycamore 
 

X 
 

X 
 

X 
 

Fremont cottonwood 
 

X 
 

X 
 

X 
 

Coastal live oak 
 

X 
 

X 
 

 
 

California black oak 
 

 
 

 
 

X 
 

Valley oak 
 

 
 

X 
 

 
 

Interior live oak 
 

 
 

X 
 

X 
 

Red willow 
 

X 
 

X 
 

X 
 

Black willow 
 

X 
 

X 
 

X 
 

Sandbar willow 
 

X 
 

X 
 

X 
 

Oregon ash  
 

X 
 

X 
 

X 
 

California bay 
 

X 
 

 
 

 
 

Dogwood 
 

X 
 

X 
 

X 
 

Wax myrtle 
 

X 
 

 
 

 
 

 
1 From C.D. F.G.. (1992) When selecting species/or a revegetatlon project, those species found in similar environmental conditions near to the project site should be preferred. 
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Table 29. Recommended shrub species revegetation for riparian zones l 
 

Riparian species (common name) 
 

Coastal 
 

Interior Valley 
 

Interior Foothill 
 

Elderberry 
 

X 
 

X 
 

X 
 

Brewers saltbush  
 

X 
 

X 
 

 
 Coyote brush  

 
X 
 

X 
 

X 
 Mule fat  

 
X 
 

X 
 

 
 Ceanothus spp. 

 
X 
 

X 
 

X 
 Western redbud 

 
X 
 

 
 

X 
 Mountain mahogany 

 
 
 

 
 

X 
 Button bush  

 
X 
 

X 
 

 
 California buckwheat  

 
X 
 

X 
 

X 
 Toyon 

 
 
 

X 
 

X 
 California coffeeberry 

 
 
 

X 
 

X 
 Red flowering current 

 
 
 

 
 

X 
 California wild rose 

 
 
 

X 
 

X 
 California blackberry 

 
 
 

X 
 

X 
 Black sage  

 
 
 

 
 

X 
 Squaw bush 

 
 
 

X 
 

X 
 Prunusspp. 

 
X 
 

X 
 

X 
 Rims spp. 

 
X 
 

X 
 

X 
 

 

From C.D.F.G. (1992) When selecting species for a revegetation project, those species found in similar environmental conditions near to the project site should be preferred. 
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GLOSSARY 

Terms 

Abandoned road - a road which is no longer maintained. An abandoned road may or may not still be 
driveable and may or may not be overgrown with vegetation (see also road abandonment). 

Abney level - a hand-held instrument used to measure slopes and vertical angles in the field. 

Abutment (bridge) - a solid foundation on each stream bank on which the ends of a bridge are secured. 
Naturally occurring rock outcrops may serve as abutments, but most commonly abutments are made of 
cement sills, logs or piers installed by man. 

Accelerated erosion - erosion which has been caused directly or indirectly by human activities or land 
management. Accelerated erosion is typically thought of as erosion which is not "natural" or that which is 
excess of that which would have naturally occurred. 
 
Active road - a road that is pan of the overall road network that needs to be actively inspected and 
maintained.  
 
Altimeter - a hand-held instrument which can be used to determine elevation or altitude in the field. 

Anadromous fish - fish that are born and rear in freshwater, move to the ocean to grow and mature, and 
return to freshwater to reproduce. Salmon, steelhead and shad are examples. 

Angle of repose - the steepest slope angle at which a material will freely stand without failing or sliding 
downslope. The angle of repose of material without cohesion, like loose sand, is about 33 degrees. For 
material with some cohesion, the comparable term is called the angle of internal friction. Slopes which are 
steeper than the angle of repose or angle of internal friction are likely to be unstable. 

Archaeological site - a geographic locale that contains the material remains of prehistoric and/or historic 
human activity. 

Aspect - The direction a slope faces with respect to the cardinal compass points. 

Backcasting - a road construction technique which utilizes a hydraulic excavator to cut a wide bench in 
front of the machine and below the centerline of the new road, while placing the excavated soil on the 
bench behind as the new subgrade. 

Balanced benching - a road building method used on gentle or moderate sloping land in which material 
excavated during road construction is used to build the roadbed and fill the low spots along the alignment. 
In balanced benching, the cut volumes equal the fill volumes and the road is often referred to as a "half-
bench" road. 

Bearing surface - the driving surface of the road. Road rocking is a common method of increasing the 
load bearing capacity of the road surface if the subgrade soils are relatively weak. 
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Bench - a naturally occurring bench refers to a relatively flat or low gradient portion of a hillside. A 
constructed bench is a step or flat area cut into a deep soil or bedrock in an attempt to create a more stable 
road bed. 

Beneficial use-In water use law, reasonable use of water for a purpose consistent with the laws and best 
interest of the people of the state. Such uses include, but are not limited to, the following: instream, out of 
stream, and ground water uses, domestic, municipal, industrial water supply, mining, irrigation, livestock 
watering, fish and aquatic life, wildlife, fishing, water contact recreation, aesthetics and scenic attraction, 
hydropower and commercial navigation. 

Berm - A curb or dike constructed to control water and prevent roadway runoff waters from discharging 
onto roadside slopes and/or to provide material for subsequent road maintenance. 

Bottom-up road construction - road construction techniques which involve excavating a bench on the 
hillside and then filling and compacting fill on the bench to build up a stable roadbed at the desired 
elevation (as opposed to sidecasting or top-down construction). 

Borrow site - locations on the landscape where sand, gravel and/or rock is excavated for use in road 
construction activities elsewhere in the watershed. Borrow pits and rock quarries on California wildlands 
may be subject to the new Surface Mining and Reclamation Act (SMARA) which requires landowners to 
develop site reclamation plans for many such sites (see also rock pit). 

Box culvert (open top) • a open-top trough-like drainage structure, usually constructed of lumber, built 
into and obliquely across the road surface. It acts to collect and discharge road surface runoff and, less 
often, ditch flow across the road. Open-top box culverts are more commonly used on ranch roads than on 
forest roads used for logging operations. 

Buffer strip - an area or strip of land adjacent a stream containing relatively undisturbed vegetation that 
acts as a filter or buffer for erosion and runoff from upslope roads or other land management activities. 

Center stake method - a method of curve layout, especially for switchbacks, in which a stake is used to 
mark the center of the curve and radial measurements are taken out from the stake to mark the curve on 
the ground. 

Check dam (straw bale) - a temporary structure used to contain eroded soil from leaving a construction 
site. Straw bale check dams are often used in swales and small channels below a new road alignment to 
collect and store sediment eroded from the work site. Straw bale check dams quickly decompose and will 
usually not provide sediment storage or protection for more than a single season. 

Class I watercourse - for forestry purposes, those watercourses serving as domestic water supplies, 
including springs, onsite and/or within 100 feet downstream of the operations area, and/or those 
watercourses where fish are always or seasonally present onsite, including habitat to sustain fish migration 
and spawning. 

Class II watercourse - for forestry purposes, those watercourses where fish are always or seasonally 
present offsite within 1000 feet downstream, and/or watercourses which contain aquatic habitat for non-
fish aquatic species. Class III watercourses that are tributary to Class I watercourses (hence within 1000 
feet of a fish-bearing watercourse) are specifically excluded. 

Class III watercourse - for forestry purposes, watercourses that have no aquatic life present, but still 
show evidence of being capable of sediment transport downstream to Class I or Class II watercourses 
under normal high water flow conditions after completion of timber operations. 

Class IV watercourse - for forestry purposes, man-made watercourses, usually supplying downstream 
established domestic, agricultural, hydro-electric or other beneficial uses (see also man-made 
watercourse). 

Clearing - the act of removing the standing vegetation along a proposed road alignment. Clearing is one 
of the tasks of road construction, and is followed by grubbing and grading (earthmoving). 

Clinometer - A pocket field instrument which measures slope steepness in degrees and percent.  
150  •  Glossary                                                                     Handbook for Forest and Ranch Roads



Compaction - An increase in bulk density (weight per unit volume) and a decrease in soil porosity 
resulting from applied loads, vibration or pressure. 

Control points  - locations along a proposed road alignment that control the position of the road. Examples 
of control points include rock outcrops, the end of another road you must tie in to, a saddle on a ridge that 
you need the road to pass through, a favorable stream crossing location, a landslide that must be avoided, 
etc. 

CMP - corrugated metal pipe, often used synonymously with culvert. Metal culverts are typically made 
from galvanized steel or aluminum. 

Cross road drain - a deeply cut ditch, excavated across a road surface, which drains the road bed and 
inboard ditch. Cross-road drains are more substantial and deeper than conventional waterbars used to drain 
forest and ranch roads, and are steeper and more abrupt than rolling dips. Well constructed cross-road 
drains will often be deep enough to prevent vehicular access to an area and are typically installed on roads 
which are being closed permanently or for several years. Cross-road drains are typically constructed 
(excavated) using a tractor, an hydraulic excavator, or a backhoe. 

Crowned - A crowned road surface is one which slopes gently away from the centerline of the road and 
drains to both sides of the crown. Crowning a road surface is one method of providing for surface 
drainage. The inside half of the road drains inward to the cutbank and ditch, while the outside half drains 
out across the fillslope. 

Crushed rock - rock which has been run through a mechanical crusher to produce a more uniform range 
of particle sizes. Crushed rock is useful as a road surfacing material. 

Culvert - a transverse drain, usually a metal pipe, set beneath the road surface which drains water from the 
inside of the road to the outside of the road. Culverts are used to drain ditches, springs and streams across 
the road alignment. 

Curve layout - the technique or method of laying out a road curve on the ground before a road is 
constructed. Curves may be broad enough such that little or no layout is necessary. Switchbacks and sharp 
curves often require the use of surveying techniques to ensure the best, most functional design (see center 
stake method). 

Cut-and-fill - a method of road construction in which a road is built by cutting into the hillside (usually 
using a bulldozer) and spreading the spoil materials in low spots and as sidecast along the route. "Cut-and-
fill" is often a synonym for "cut-and-sidecast" (see also balanced benching and top-down road 
construction). 

Cutslope (cutbank) - the artificial face or slope cut into soils or rock along the inside of a road. 

Debris flow - A rapidly moving mass of rock fragments, soil and mud, with more than half of the particles 
being larger than sand size. In contrast to debris slides, debris flows are usually saturated with water. 

Debris slide - A slow to rapid slide, involving downslope translation of relatively dry and predominantly 
unconsolidated materials, with more than half of the particles being larger than sand size. 

Debris torrent - Rapid movement of a large quantity of materials (wood and sediment) down a stream 
channel during storms or floods. This generally occurs in smaller, steep stream channels and results in 
scouring of streambed. 

Decking - the traveling surface (usually wood planks) of small flatcar and log stringer bridges used on 
forest and ranch roads. Decking is usually bolted in place and can be replaced when it is worn out. 

Decommission - to remove those elements of a road that unnaturally reroute hillslope drainage or present 
slope stability hazards (see also road abandonment and road closure). 

Decompaction - see ripping. 

Ditch relief culvert - A drainage structure or facility which will move water from an inside road ditch to 
an outside area, beyond the outer edge of the road fill. 
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Diversion potential (DP) - a stream crossing has a diversion potential if, when the culvert plugs, the 
stream would back up and flow down the road rather than directly over the fill crossing and back into the 
natural drainage channel. 

Downspout - a flume or trough attached (bolted) to a culvert outlet and used to convey water from the 
culvert outlet down over and beyond the road fill so as to prevent erosion. Culverts that are placed at the 
base of the road fill discharge directly into the natural channel or hillslope and usually do not require a 
downspout. 

Drainage basin - see watershed. 

Drainage blanket - a layer of permeable fill (usually gravel or coarse aggregate) several feet thick 
installed beneath road fill to provide subsurface drainage. Drainage blankets are typically used to drain 
wet soils and seeps beneath cut-and-fill and backcast constructed roads. A well drained subgrade can 
support up to 50% more weight than poorly drained, well graded soils. 

Drainage structure - A structure installed to control, divert or to cross over water, including but not 
limited to culverts, bridges, ditch drains, fords, waterbreaks, outsloping and rolling dips. 

Drop inlet - a vertical riser on a culvert inlet, usually of the same diameter as the culvert, and often 
slotted to allow water to flow into the culvert as streamflow rises around the outside. Drop inlets are often 
used on stream or ditch relief culverts where sediment or debris would otherwise threaten to plug a 
traditional horizontal inlet. 

Dry seeding - a method of spreading seed on the ground surface. Dry seeding can be accomplished by 
drilling (actually placing seed in the ground and covering it) or by broadcasting (where seed is aerially 
spread over the surface of the ground). 

Earthflow - A mass-movement landform and slow-to-rapid mass movement process characterized by 
downslope translation of soil and weathered rock over a discrete shear zone at the base, with most of the 
particles being smaller than sand. 

Easement (right-of-way agreement) - an agreement which defines the conditions under which one party 
may use a road or roads owned by someone else. An easement is usually longer lived than an agreement, 
which may apply to a limited period of use. 

Emergency road maintenance - see storm maintenance. 

Endhauling - the removal and transportation of excavated material to prevent sidecast, and the storage of 
the material in a stable location where it cannot enter stream channels. Endhauling is usually 
accomplished using dump trucks, but on larger jobs may be performed by mobile scrapers. 

Energy dissipator - A device or material used to reduce the energy of flowing water. Energy dissipators 
are typically used at and below culvert outlets and other drainage structures to prevent erosion. 

Environmental impact - The positive or negative effect of any action upon a given area or resource. 

Ephemeral streams - Streams that contain running water only sporadically, such as during and following 
storm events. 

Equipment limitation, equipment exclusion - The terms used when the use of heavy equipment is to be 
limited or prohibited, respectively, for the protection of water quality, the beneficial uses of water, and/or 
other wildland or forest resources. 

Erodible soils - soils which are relatively prone to erosion by rain drop impact and surface runoff. 
Granular, noncohesive soils (such as soils derived sand dunes or from decomposed granite) are known to 
be especially erodible. 
 
Erosion - the dislodgement of soil particles caused by wind, raindrop impact or by water flowing across 
the land surface. Erosion usually refers to processes of surface erosion (rain drop erosion, rilling, gullying 
and ravel) and not to mass soil movement (landsliding). 
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Erosion control - the act of controlling on-going erosion caused by rain drop impact, rilling, gullying, 
ravelling and other surface processes. 

Erosion hazard rating (EHR) - a calculated measure of the susceptibility of soils to erosion by raindrop 
impact and surface runoff. According to the California Forest Practice Rules, EHR is calculated using a 
defined field methodology, and the resulting rating (low, moderate, high, extreme) influence subsequent 
land management practices which can be employed. 

Erosion prevention - preventing erosion before it has occurred. Erosion prevention is typically less 
expensive and more effective than erosion control. 
 
Erosion-proof - the act of performing erosion control and erosion prevention activities which will protect 
a road, including its drainage structures and fills, from serious erosion during a large storm and flood. 
 
Excess material - see spoil. 
 
Fail safe  - a term used to describe a stream crossing that has no diversion potential. 

Fail soft - a fail safe stream crossing where the dip or change in road grade occurs over the hinge line 
between the fill and the natural ground surface. With the road dip or low point in this location, overflow 
from a plugged culvert will likely result in the least possible amount of erosion. Roads which dip deeply as 
they cross a stream channel have smaller fills which can be eroded when culvert plugging occurs. 

Favorable ground - terrain which is favorable for road construction, usually consisting of gentle and 
stable slopes 
and ridges. 

Fifty-year flood - the magnitude of peak flow which one would expect to be equaled or exceeded, on the 
average, once every 50 years. This flow should be estimated by empirical relationships between 
precipitation, watershed characteristics and runoff, and then may be modified by direct channel cross 
section measurements and other evidence. 

Fillslope - that part of a road fill between the outside edge of the road and the base of the fill, where it 
meets the natural ground surface. 

Fill - the material that is placed in low areas, compacted and built up to form the roadbed or landing 
surface. 

Filter fabric (geotextile) - a synthetic fabric manufactured and designed for use in, among others, 
subsurface and surface drainage applications. Filter fabric is especially useful in maintaining a separation 
between coarse aggregate and finer native soil particles. It comes in a number of different types (with 
different specifications and uses) and is used in a number of different road building settings. 
Manufacturer's specifications should always be consulted before using a fabric for drainage or other 
engineering applications. 

Filter strip - see buffer. 

Filter windrow - a row of slash and woody debris laid and pressed down along the base of a road fill or 
sidecast slope to contain soil eroded from the fillslope. Filter windrows are often used to contain erosion 
from fillslopes and sidecast areas where a road approaches and crosses a stream channel. 

Fish-bearing - a stream which supports fish during some part of the year. 

Flared inlet - a culvert inlet which is flared or widened to increase its capacity and reduce the chance of 
inlet plugging and damage. Mitred inlets, usually made by cutting a normal culvert at an angle, are also 
used on ditch relief culverts to decrease inlet erosion and improve culvert efficiency. Flared inlets are 
attached to the normal culvert inlet using a band or bolts. 
 
Flatcar bridge - a portable bridge constructed from a railroad flatcar. Single flatcar bridges can span 
channels up to about 80 feet wide. 
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Ford (wet) - a rock, concrete or other hardened structure built on the bed of a live stream which allows 
vehicle passage during low flow periods. 

Ford (dry) - a rock, concrete or other hardened structure built on the bed of a swale, gully or usually dry 
stream which allows vehicle passage during periods or low or no flow. 

French drain - a buried trench, filled with coarse aggregate, which acts to drain subsurface water from a 
wet area and discharge it in a safe and stable location. French drains are often lined with filter fabric to 
keep soil from plugging the drain. 

Full bench road - road construction technique in which the bench cut width is the same as the road width, 
and no fill is used in construction. Endhauling is needed to remove the excavated spoil material. 

Full fill road - road construction technique in which no bench cut is made into the hillslope and the road 
prism is made entirely from imported fill. The ground surface must still be prepared (grubbed and bared) 
for the fill to bind to the underlying substrate. 

Geomorphic - pertaining to the form or shape of the earth's surface, and to those processes that affect and 
shape the land's surface. Geomorphic processes include all forms of soil erosion and mass soil movement, 
as well as other processes. 

Geotextile - see, filter fabric. 

Grade-break - the location of a reversal in the slope (grade) of the road from climbing to falling, or from 
falling to climbing. 

Grading - the act of excavating and moving soil along the road alignment to an established grade-line 
during road construction or reconstruction. Grading is one of the tasks of road construction, and is 
preceded by grubbing and followed by surfacing. Grading also refers to the mechanical smoothing of the 
road bed to maintain a free-draining, smooth traveling surface. 

Groundwater - The standing body of water beneath the surface of the ground, consisting largely of 
surface water that has seeped down into the earth. 

Grubbing - the act of scarifying the surface of the ground along a proposed road alignment prior to 
placing fill or sidecast on top. Grubbing is one of the tasks of road construction, and is preceded by 
clearing and followed by 
grading. 

Gully (gullied) - an erosion channel formed by concentrated surface runoff which is generally larger than 
1 ft2  in cross sectional area (1' deep by 1' wide). Gullies often form where road surface or ditch runoff is 
directed onto unprotected slopes. 

Habitat - the place where a plant or animal (including aquatic life and fish) naturally or normally lives 
and grows. 

Headwater swale  - the swale or dip in the natural topography that is upslope from a stream, at its 
headwaters. There may or may not be any evidence of overland or surface flow of water in the headwater 
swale. 

Horizontal curve - The horizontal arc of a circle whose radius is that of the curve of the road. 

Hydro-seeding (hydraulic seeding) - a technique for applying a slurry of seed, fertilizer and mulch by 
hydraulically spraying the mixture on the ground surface. Hydro-seeding is typically performed on slopes 
that are too steep for dry seeding. 

Humboldt log crossing - see log crossing. 
 
Inactive road - a road needed only infrequently, for fire control, tree thinning or other intermittent forest 
or ranch activities. These roads remain largely unused for most of the year, or for several years in 
succession, but have drainage structures intact and require regular inspection and maintenance. 
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Inboard ditch - the ditch on the inside of the road, usually at the foot of  the cutback.                        
 
Infiltration - the movement of water through the soil surface into the soil. 
 
Inner gorge - A stream reach bounded by steep valley walls that terminate upslope into a more gentle 
topography. Common in areas of rapid stream downcutting or uplift. 
 
Insloped road - road surface that is sloped in toward the cutbank. Insloped roads usually have an inboard 
ditch that collects runoff from the road surface and cutbank. 
 
Intermittent stream - Any nonpermanent flowing drainage feature having a definable channel and 
evidence of scour or deposition. Intermittent streams flow in response to rainfall, and then for some period 
after the cessation of rainfall (being fed by groundwater discharge). 
 
Intervisible - the ability to see from one feature to the next. Turnouts which are intervisible can be seen 
from one another. 
 
Landslide  - The downslope movement of a mass of earth caused by gravity. Includes but is not limited to 
debris slides, torrents, rock falls, debris avalanches, and creep. It does not, however, include dry ravel or 
surface erosion by running water. It may be caused by natural erosional processes, by natural disturbances 
(e.g., earthquakes or fire events) or human disturbances (e.g., mining or road construction). 
 
Landing - Any place on or adjacent to a logging site (usually on a road) where logs are collected and 
assembled for further transport. 
 
Landing excavation - excavation and removal of unstable or potentially unstable soil and organic debris 
from the outer edge or perimeter of a log landing. Landing excavations are performed as a preventive 
measure to guard against landsliding of unstable material into downslope stream channels. 
 
Log crossing  - a drainage structure made out of logs laid in and parallel to a stream channel and then 
covered with soil. Before the mid-1980's log crossings were frequently used as "permanent stream 
crossings" instead of culverts or bridges. Log crossings are highly susceptible to plugging and washout 
during storm flows. Log crossings are used today only for temporary stream crossings that are to be 
removed prior to the winter period. 
 
Logging road - a road other than a public road used by trucks going to and from landings to transport logs 
and other forest products. 
 
Maintained road - A road which is regularly inspected and whose cutslopes, road surface, drainage  
structures and fillslopes are maintained to prevent erosion and deterioration. 
 
Man-made watercourse - a watercourse which is constructed and maintained to facilitate man's use of 
water. They include but are not limited to ditches and canals used for domestic, hydropower, irrigation and 
other beneficial uses. According to forestry regulations, man-made watercourses technically do not 
include road-side drainage ditches. 
 
Mass soil movement - downslope movement of a soil mass under the force of gravity. Often used 
synonymously with "landslide," common types of mass soil movement include rock falls, soil creep, 
slumps, earthflows, debris avalanches, debris slides and debris torrents (see also landslide). 
 
Mulch - material placed or spread on the surface of the ground to protect it from raindrop, rill and gully 
erosion. Mulches include wood chips, rock, straw, wood fiber and a variety of other natural and synthetic 
materials. 
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Multi-benching - a road building method used on moderate or steeply sloping land in which two or more 
benches are excavated into the native hillslope and fill is then compacted on the benches to provide a 
stable road bench. 
 
Obstacle  - locations along a proposed road alignment that need to be avoided. Obstacles include rock 
outcrops, landslides, extremely steep slopes, unsuitable stream crossing locations, wet areas, lakes, etc. 

Outsloped road - road surface that is sloped out away from the cutbank toward the road's fillslope. 
Outsloped roads may or may not have an inboard ditch. 

Outsloping - the act of converting an insloped road to an outsloped road. Outsloping can also refer to the 
act of excavating the fill along the outside of the road and placing and grading it against the cutbank, 
thereby creating an outsloped surface where the roadbed once existed. 

Partial bench - a partial bench road is one in which the road bed is part bench and part fill, somewhere 
between a full bench and a full fill road. 

Permeable fill - see drainage blanket. 

Peak flow (flood flow) - the highest amount of stream or river flow occurring in a year or from a single 
storm event. 

Perennial stream - A stream that typically has running water on a year-round basis. 

Permanent road - A road which is planned and constructed to be part of a permanent all-season 
transportation system. These roads have a surface which is suitable for hauling of forest and ranch 
products throughout the entire winter period and have drainage structures, if any, at watercourse crossings 
which will accommodate the fifty-year flood flow. Permanent roads receive regular and storm-period 
inspection and maintenance. 

Permanent watercourse crossing - A watercourse crossing that will be constructed to accommodate the 
estimated fifty-year flood flow and will remain in place when timber [or ranching] operations have been 
completed. 

Permeable fill - see drainage blanket. 

Put-to-bed - The process of actively abandoning a road by eliminating all conceivable risks of sediment 
production until the road is again needed in future years. "Putting-to-bed" or road closure involves 
completely removing stream crossing fills and associated drainage structures and eliminating the risk of 
sediment production from roads and landings (see also decommission and road closure). 

Ranch road - a road other than a public road used by ranch and farm vehicles in the conduct of ranching 
operations. Ranch roads are sometimes used for hauling forest products and thereby are also classified as, 
and subject to, the same regulations as logging roads. 

Range finder - a hand-held field instrument used to measures distances less than about 1000 feet. 

Ratio (slope) - a way of expressing slope gradient as a ratio of horizontal distance to vertical rise, such as 
3:1 (3 feet horizontal for every 1 foot vertical rise of fall). 

Rational formula (method) • an empirical method for estimating peak flows from a small watershed. The 
rational formula is often used to estimate flows and to select appropriate culvert sizes for small, ungaged 
stream channels crossed by a road. 

Ravel (dry ravel) - soil particles dislodging and rolling down a slope under the influence of gravity. 
Ravel occurs most rapidly when a cohesionless soil on a steep slope dries out Ravelling is dramatically 
increased when frost acts on the exposed soil. Ravel on some steep, bare cutbanks can quickly fill ditches 
and supply sediment that is then eroded and moved to nearby ditch relief culverts or streams by 
concentrated ditch flow. 
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Reconstruction (road) - the upgrading or rebuilding of a road that is abandoned or substandard in one or 
more elements of its design. 
 
Rill - an erosion channel, varying in size from a rivulet up to about 1 ft? in cross section, that typically 
forms where rainfall and surface runoff is concentrated on fillslopes, cutbanks and ditches. If the channel 
is larger than 1 ft2 in size, it is called a gully. 

Rip-rap - The rock or other suitable material placed on the ground to prevent or reduce erosion. 

Riparian - The banks and other adjacent terrestrial environs of lakes, watercourses, estuaries and wet 
areas, where transported surface and subsurface freshwater provides soil moisture to support mesic 
vegetation. 

Ripping (road) - The process of breaking up or loosening compacted soil (e.g., skid trails, spur roads or 
landings) to better assure penetration of roots of young tree seedlings and to increase infiltration (see also 
scarified). 

River run rock - aggregate (gravel) that is excavated from a river bed. River run rock is usually well 
rounded and, unless it is screened, also contains sand. 

Road abandonment - in the past, road abandonment was synonymous with blocking the road and letting 
it grow over with vegetation. Today, proper road abandonment involves a series of proactive steps and 
activities which essentially erosion-proof a road alignment so that further maintenance will not be needed 
and significant erosion will not occur (see also road closure, decommission). 

Road closure - or "proactive road abandonment" is a method of closing a road so that regular maintenance 
is no longer needed and future erosion is largely prevented. The goal of road closure is to leave the road so 
that little or no maintenance is required for stability while the road is unused. Road closure usually 
involves erosion-proofing techniques including removing stream crossing fills, removing unstable road 
and landing fills, installing cross road drains for permanent road surface drainage and other erosion 
prevention and erosion control measurers as needed. Proper road closure is not accomplished by blocking 
a road and walking away from it to let "nature reclaim the road" (see also decommission, road 
abandonment). 

Road failure - damage to the roadbed (usually caused by a road bed slump, fill failure, stream crossing 
washout or major gully) which prevents vehicular passage, but does not usually mean minor cutbank or fill 
sloughing incidental to road settling. 

Road fill excavation - excavation and removal of unstable or potentially unstable fill and/or sidecast spoil 
from the outer edge a road prism. Road fill excavations are performed as a preventive measure to guard 
against landsliding of unstable material into downslope stream channels. 

Road grade - the slope of a road along its alignment. 

Road maintenance - the actions taken to prevent erosion and/or the deterioration of a road, including the 
cutbank, the road surface, the fillslope and all drainage structures. Road maintenance activities include 
such tasks as grading, ditch cleaning, brushing and culvert cleaning. 

Road network - the pattern of all the roads in an ownership, watershed, hillside or other defined area. The 
road network typically includes main trunk roads, secondary roads and spur roads. 

Road reconstruction - repair or upgrading of those pre-existing roads that are to be restored or improved 
to make them useable for hauling forest products or for ranching operations. Reconstruction typically 
refers to road rebuilding required when one or more road failures have occurred (see road failure). 

Road runoff - surface runoff that collects on and is drained from the road surface, usually as a direct 
response to rainfall. 
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Rock armor - course rock that is placed to protect a soil surface, usually from erosion caused by flowing 
or falling water. Rock armor is one type of material used for energy dissipation at culvert outfalls. 

Rock pit - a large outcrop of bedrock that has been developed for aggregate uses, such as road surfacing 
material and/or larger rock armor. A borrow pit is an excavation from which material is removed for use 
in another location (see also borrow site). 
 
Rolling dip - shallow, rounded dip in the road where road grade reverses for a short distance and surface 
runoff is directed in the dip or trough to the outside or inside of the road. Rolling dips are drainage 
facilities constructed to remain effective while allowing passage of motor vehicles at reduced road speed. 

Rotational slide - a landslide that has an accurate, concave-up failure plain, and whose movement is 
rotational rather than translational. 

Runoff • rainfall or snowmelt which flows overland across the surface of hillslopes and along roads and 
trails. 

Scarified (scarification) - a soil surface whose organic material is removed and whose surface is 
mechanically broken up or decompacted (see also ripping). 

Seasonal road - a road which is planned and constructed as part of a permanent transportation system 
where most hauling and heavy use may be discontinued during the winter period and whose use is 
restricted to periods when the surface is dry. Most seasonal roads are not surfaced for winter use, but have 
a surface adequate for hauling of forest and ranch products in the non-winter periods, and in the extended 
dry periods or hard frozen conditions occurring during the winter period. Seasonal roads have drainage 
structures at watercourse crossings which will accommodate the fifty-year flood flow. 

Sediment delivery - material (usually referring to sediment) which is delivered to a stream channel. 
Sediment delivery often refers to the percent of material eroded from a site which actually gets delivered 
to a stream channel (as opposed to that which is stored on the hillslope). 

Sediment yield - the quantity of soil, rock particles, organic matter, or other dissolved or suspended 
debris that is transported through a cross-section of stream in a given period. Technically, yield consists of 
dissolved load, suspended load, and bed load. 

Sidecast - the excess earthen material pushed or dumped over the side of roads or landings. 

Silt fence - a constructed barrier used to contain soil eroded from a construction site. The barrier is made 
from filter fabric stretched between fence posts placed on contour along a slope. 

Sliver fill - a thin fill lying parallel to the underlying hillslope, rather than as a wedge used in normal cut 
and fill construction. Sliverfills cannot be compacted on slopes exceeding about 35%. As they thicken, 
sliver fills become more susceptible to failure. Sliver fills are only appropriate where it is impossible to 
dispose of the material elsewhere and where the fill is composed entirely of coarse rock. Sliverfills are 
"placed" and are never constructed by uncontrolled sidecasting. 

Slope ratio - see ratio. 

Slope stability - the resistance of a natural or artificial slope or other inclined surface to failure by 
landsliding (mass movement). 

Slump - an episodic, fast to very slow mass movement process involving rotation of a block of hillslope 
or road along a broadly concave slip surface, often referred to as a rotational slide (see rotational slide). 

Soil series - a group of soils developed from a particular type of parent material having naturally 
developed horizons that, except for texture of the surface layer, are similar in differentiating 
characteristics and in arrangement of the profile. 
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Soil erosion - see erosion. 

Soil texture - The relative proportion of sand, silt and clay in a soil; grouped into standard classes and 
subclasses in the Soil Survey Manual of the U.S. Department of Agriculture. 

Soil water - water in the soil, including groundwater and water in the soil above the groundwater table. 
 
Spoil disposal site  - the location where spoil material (woody debris and excavated soils) can be placed 
without the threat of accelerated erosion or of initiating slope instability. Stable spoil disposal sites include 
the cut portion of closed roads, the inside portion of landings and turnouts, and flat or low gradient natural 
benches. 

Spoil (spoil materials) - Material (soil and organic debris) that is not used or needed as a functional part 
of the road or a landing. Spoil material is generated during road construction, reconstruction and 
maintenance activities. 

Spur road - a side road off a main trunk road or a secondary road. Most spur roads are dead-end. 

Storm maintenance (emergency road maintenance) - road inspection and maintenance that is 
performed during periods of high rainfall and runoff when drainage structures are most likely to plug, 
malfunction or fail. 

Stream crossing - the location where a road crosses a stream channel. Drainage structures used in stream 
crossings include bridges, fords, culverts and a variety of temporary crossings. 

Stream crossing excavation - the excavation of the fill material that was used to build (fill) a stream 
crossing, specifically a culverted crossing, a log crossing or a temporary crossing. A stable stream 
crossing excavation must be dug down to the level of the original stream bed, with side slopes graded 
(excavated) back to a stable angle (usually 50% or less, depending on soil characteristics). 

Subdrainage (subsurface drainage) - the flow of water beneath the surface of the ground. Along roads, 
specific construction techniques can be used to make sure subsurface drainage is not impeded by the road 
bed or road fill. 

Subgrade  - a thoroughly compacted portion of natural embankment material directly beneath the base or 
road foundation. 

Surface erosion - the detachment and transport of soil particles by wind, water or gravity. Surface erosion 
can occur as the loss of soil in a uniform layer (sheet erosion), in many rills, gullies, or by dry ravel. 

Surfacing (surface course) - the top layer of the road surface, also called the wear course. Rock 
aggregate and paving are two types of surfacing used to weather-proof the road for winter use. 

Swale - a channel-like linear depression or low spot on a hillslope which rarely carries runoff except 
during extreme rainfall events. Some swales may no longer carry surface runoff under the present climatic 
conditions. 

Switchback - the location along a road where the route turns and reverses direction, usually over a short 
distance. 

Temporary road - a road that is to be used only during short-lived ranch or timber operations. These 
roads have a surface adequate for seasonal hauling use and have drainage structures, if any, adequate to 
carry the anticipated flow of water during the period of use. These drainage structures must be removed 
prior to the beginning of the winter period (see temporary stream crossing). 

Temporary stream crossing - a stream crossing that is to be excavated and removed, usually on a 
temporary road. If a temporary stream crossing is to remain in place over one winter, it should be designed 
to the same standards as a permanent watercourse crossing. 
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Through-cut - a road cut through a hillslope or, more commonly, a ridge, in which there is a cutbank on 
both sides of the road. Through-cuts that are more than about 2 feet deep are very difficult to drain and are 
prone to gullying. 

Through-fill - a road which is entirely composed of fill material and which has a berm along both sides of 
the road, thereby intentionally containing road surface runoff on the road and directing it to a single 
discharge point, usually a fabricated metal berm-drain. Through-fills are typically found at sensitive 
stream crossings where the fill is bermed on both sides of the road. 

Top-down road construction - road construction techniques which involve excavating a road bench on 
the hillside and sidecasting the spoil material on the slopes below. Top-down road construction techniques 
should only be employed on gently or moderately sloping hillslopes where sidecast material cannot fail or 
be eroded and transported to local stream channels. 
 
Trash rack - a barrier built just over or just upstream from a culvert inlet to trap floating organic debris 
before it can plug the culvert. 

Trunk road - a main, through-going road which typically forms the core of a road network that also 
contains secondary and spur roads. 

Turnout - a planned wide spot along a single lane road that is used to allow vehicles to safely pass. 

Unstable  areas - areas characterized by mass movement features or unstable soils, or by some or all of 
the following: hummocky topography consisting of rolling bumpy ground, frequent benches, and 
depressions; short irregular surface drainages which begin and end on the slope; visible tension cracks and 
head wall scarps; irregular slopes which may be slightly concave in upper half and convex in lower half as 
a result of previous slope failure; evidence of impaired ground water movement resulting in local zones of 
saturation including sag ponds with standing water, springs, or patches of wet ground; hydrophytic (wet 
site) vegetation; leaning, jackstrawed or split trees; pistol-butted trees with excessive sweep in areas of 
hummocky topography. 

Unstable soils - are indicated by the following characteristics: (1) unconsolidated, non-cohesive soils 
(coarser textured than loam) and colluvial debris including sands and gravels, rock fragments, or 
weathered granules. Such soils are usually associated with a risk of shallow-seated landslides on slopes of 
65% or more, having non-cohesive soils less than 5 feet deep in an area where precipitation exceeds 4 
inches in 24 hours in a 5-year recurrence interval. (2) Soils that increase and decrease in volume as 
moisture content changes. During dry weather, these materials become hard and rock-like exhibiting a 
network of polygonal shrinkage cracks and a blocky structure resulting from desiccation. Some cracks 
may be greater than 5 feet in depth. When wet, these materials are very sticky, dingy, shiny, and easily 
molded. 

Vertical curve - The vertical arc of a circle whose radius is that of the road as it rises and falls (over a 
hill), or falls and rises (across a swale or dip) through a change in grade. 

Washed out stream crossing - a stream crossing fill that has been partially or completely eroded and 
"washed" downstream. Washouts usually occur when a culvert plugs and streamflow backs up and flows 
over the roadbed during flood events. 

Waterbar (waterbreak) - shallow ditch excavated at an angle across a road or trail to drain surface 
runoff. Waterbars are usually built on seasonal or temporary roads which are to receive little or no traffic 
during the winter period. 

Watercourse - any well defined channel with distinguishable bed and bank showing evidence of having 
contained flowing water indicated by deposit of rock, sand or gravel. Watercourse also includes man-
made watercourses (see also Class I, II, HI and IV watercourse). 

Watercourse and lake protection zone (WLPZ) - a strip of land, along both sides of a watercourse or 
around the circumference of a lake or spring, where additional practices (or restrictions) may be required  
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for protection of the quality and beneficial uses of water, fish and riparian wildlife habitat, other wildland 
resources, and for controlling erosion. 

Water quality - the chemical and biological characteristics of stream and lake water. 

Watershed - the area or drainage basin contributing water, organic matter, dissolved nutrients and 
sediments to a stream or lake. An area bounded mostly by ridges and drained, at its outlet, by a single 
trunk stream. 

Wetlands - areas that are inundated by surface water or ground water with a frequency sufficient to 
support, and under normal circumstances do or would support, a prevalence of vegetative or aquatic life 
that require saturated or seasonally saturated soil conditions for growth and reproduction (Executive Order 
11990). Wetlands generally include, but are not limited to, swamps, marshes, bogs and similar areas. 

Wheel guards - slightly elevated rails along both sides of the running surface of a flatcar bridge, designed 
to warn drivers and to help keep vehicles on the bridge. 
 
Winter operations - generally refers to logging and associated forest road operations conducted during 
the winter operating period, from October 15 to April 15. A winter operating plan is required by the 
California Department of Forestry and Fire Protection for winter operations. 

Winter operating period - The period between November 15 to April 1, except for purposes of installing 
waterbreaks and rolling dips, in which case the period is October 15 to April 1 (for forestry operations). 

Winter operating plan - a functional plan developed to describe how land use operations will be 
conducted during the winter period. Winter operating plans usually contain detailed information on 
erosion control and erosion prevention actions that are to be followed to protect the site from rainfall and 
storm runoff. 

Winterize - to perform erosion prevention and erosion control work on a road in preparation for winter 
rains and flood flows. Winterizing activities include waterbarring, ditch cleaning, culvert cleaning, 
removal of berms, resurfacing, etc. 
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APPENDIX A:  CULVERT SIZING PROCEDURE FOR THE 

50-YEAR STORM 

Introduction 

Several methods have been developed for estimating the peak flood discharge that can be 
expected from small ungaged, wildland watersheds. These procedures are useful for determining 
the size (diameter) of culvert needed to install in a stream crossing that is to be constructed or 
reconstructed. 

Determining the proper size (diameter) culvert requires: 1) estimating the volume of runoff which 
would occur at each stream crossing during the 50-year flood, and then 2) calculating the size of 
culvert which would handle that flow. 

A summary of some methods, with example calculations for flood estimating is available from 
the California Department of Forestry and Fire Protection in an "in-house" document called 
Suggested culvert sizing procedures/or the 50-year storm. This document covers such techniques 
as the Rational Method, the California Nomograph Method, the Magnitude and Frequency 
Method, the SCS Curve Number Method and the Slope Number Method. Other techniques are 
also available and may have been developed for your area and climatic region. Each method has 
its strengths and weaknesses, and relies on field or map measurements, published climatic data 
and subjective evaluations of watershed conditions. 

Several of the methods require precipitation intensity data which are available in several reports 
published by the State of California. These are available from the state and can be found in good 
public and college libraries. Your local CDF office may also have copies of the most recent data. 
Ask the Forest Practice Inspector with jurisdiction for your area. 

1. Department of Water Resources, 1981 (and more recently). Rainfall depth-duration-frequency 
for California. 

2. NOAA, 1973, Atlas 2, Precipitation frequency atlas of the western U.S., vol XI, California. 

3. Department of Water Resources, 1976, Rainfall atlas for drainage design, vol. I and vol III, 
(out of print). 

The most commonly used technique for estimating 50-year flood discharges from small 
watersheds in north coastal California forest land is the Rational Method. The methodology and 
an example is described in this appendix. However, it is recommended that two or three different 
methods be used in an area to compare and verify the results.Field experience can also be used as 
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a check. Just remember, most of us have not been around for a 50-year flood and we naturally tend to 
underestimate the amount of water that is carried by streams during these extreme events. 

Step 1: The Rational Method of Estimating Flood Discharge from Small Watersheds 

This method is based on the equation: 

Q=CIA 
 

Where:      Q = peak runoff at crossing (in cfs) 

C = runoff coefficient (percent runoff) 

I  = uniform rate of rainfall intensity (inches/hour) 

A = drainage area (in acres) 

Advantages: 

1.     Frequently used and flexible enough to take into account local conditions. 
2. Easy to use if local rainfall data is available. 

Disadvantages: 

1.     Rexibility may lead to misuse, or misinterpretation of local conditions. 
2. Precipitation factor "I" may be difficult to obtain in remote areas. 

Information needed: 

A = area of watershed (acres) 

H = elevation difference between highest point in watershed and the crossing point (ft.). 

L = length of channel in miles from the head of the watershed to the crossing point 

I = uniform rate of rainfall intensity. Obtained from precipitation frequency-duration data for local 
rain gages as in example on page A5. 
C = runoff coefficient from table on page Y. 

Procedures: 

1. Selecting "C" values: 

Several different publications give a range of "C" values for the rational formula, however, the 
values given in the following table by Rantz (1971) appear to be the most appropriate. 
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Table of "C" Values 

 
Rural Areas C Value  

cultivated 
 

0.20 
 

pasture 
 

0.15 
 

Sandy and gravelly soils: 
 

woodland 
 

0.10 
 

cultivated 
 

0.40 
 

pasture 
 

0.35 
 

Loams and similar soils without impeded horizons 
 

woodland 
 

0.30 
 

cultivated 
 

0.50 
 

pasture 
 

0.45 
 

Heavy clay soil or those with a shallow impeding 
horizon: shallow over bedrock: 
 

woodland 
 

0.40 
 

 

2. Selecting an "I" value: 

In selecting an "I" value, two factors are considered: a) the travel time or time of 
concentration, TC, for the runoff to reach the crossing, and b) the precipitation conditions 
for the particular watershed in question. 

a. Time of concentration, TC can be calculated using the formula: 

TC =     11.9 L3     0.385 

                H 

Where: TC = time of concentration (in hours) 

L = length of channel in miles from the head of the watershed to the crossing point 

H = elevation difference between highest point in watershed and the crossing 
point (in feet) 

b. Uniform rate of rainfall intensity. 
Once the time of concentration has been determined, then that value is used to 
determine which rainfall duration to use (i.e., if TC = 1 hour, then use 50-year, 1 hour 
precipitation duration; if TC=4 hours, then use 50-year, 4-hour duration). Precipitation 
frequently, duration tables are available for precipitation stations throughout the state 
similar to figure 1 (DWR, 1981). 
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Figure 1. Short-Duration Precipitation-Depth-Duration-Frequency Data 

Sample Microfiche Frame 
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The values in Figure 1 must be converted to inches per hour as shown in the following 
examples: 

Example 1: 

TC = 3 hours 

from Figure 1, 50-year, 3-hour ppt = 1.89 
1.89/3 = 0.63 inches per hour     I =0.63 

Example 2: 

TC = 15 minutes 

from Figure 1, 50-year, 15-minuteppt =0.48 

0.48x4 = 1.92 inches per hour     I = 1.92 

3.   Once the "C" and "I" values are determined, apply values along with area of watershed "A" to rational 
equation. 

Q = CIA 

Example: 
Digger Creek (Near Fort Bragg, California) 

C = 0.30 (loam woodland soil, from Table 1, page A3) 

TC =     11.9(1.8 mi.)3  0.385 where: L = 1.8 mi., A =200 ft.  
                   200 

 = 0.67 or 40 min. from the Intensity Duration Frequency table (see example 
above and Figure 1, page A4) 

I  = 1.4in./hr. 

A = 536 acres 

Q = CIA 

Q = 0.30 x 1.4 x 536 

 = 225 cfs 
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Step 2: Using the Culvert Capacity Nomograph to determine needed culvert size 

 
1.    Determine the "entrance type" from the sketches above. 
2.   Calculate the expected "Headwater Depth" in diameters  from field measurements (e.g., a 36 inch culvert whose bottom will be 

8 feet below the lowest point on the road grade over the crossing has a headwater depth of 8 feet, or 2.7 culvert-diameters 
(8ft./3 ft. = 2.7). 

3.    Place a straight edge connecting the Headwater Diameter scale (right side of nomograph) through the calculated 50-year flood 
discharge (from the Rational Method, in this example). 

4.    Read off the needed culvert diameter on the left scale of the nomograph. 
5.    In the example, the Headwater Depth for a Type 1 entrance (1.8), Type 2 entrance (2.1) or a Type 3 entrance (2.2) culvert to be 

installed on a small stream with a calculated 50-year flood discharge of 66 cubic feet per second would require a 36-inch 
diameter culvert. 
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APPENDIX B: STREAMBED ALTERATION AGREEMENT 
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APPENDIX C: FORESTRY RULES FOR ROAD CONSTRUCTION 

AND MAINTENANCE 

Article 12. Logging Roads and Landings 

§§ 923, 943, 963. Logging Roads and Landings. [All Districts] 

All logging roads and landings in the logging area shall be planned, located, constructed, reconstructed, 
used, and maintained in a manner which: is consistent with long-term enhancement and maintenance of 
the forest resource; best accommodates appropriate yarding systems, and economic feasibility; minimizes 
damage to soil resources and fish and wildlife habitat; and prevents degradation of the quality and 
beneficial uses of water. The provisions of this article shall be applied in a manner which complies with 
this standard. 

Factors that shall be considered when selecting feasible alternatives (see 14 CCR 897 and 898) shall 
include, but are not limited to, the following: 

(a) Use of existing roads whenever feasible. 

(b) Use of systematic road layout patterns to minimize total mileage. 

(c) Planned to fit topography to minimize disturbance to the natural features of the site. 

(d) Avoidance of routes near the bottoms of steep and narrow canyons, through marshes and wet 
meadows, on unstable areas, and near watercourses or near existing nesting sites of threatened or 
endangered bird species. 

(e) Minimization of the number of watercourse crossings. 

(f) Location of roads on natural benches, flatter slopes and areas of stable soils to minimize effects 
on watercourses. 

(g) Use of logging systems which will reduce excavation or placement of fills on unstable areas. 

§§923.1,943.1,963.1. Planning for Roads and Landings. [All Districts] 

The following standards for logging roads and landings shall be adhered to: 

(a) All logging roads shall be located and classified on the THP map as permanent, seasonal, or 
temporary. Road failures on existing roads which will be reconstructed shall also be located on the 
THP map. In addition to the requirements of 14 CCR 1034(v), the probable location of those 
landings which require substantial excavation or which exceed one quarter acre in size, shall be 
shown on the THP map. 
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(b) New logging roads shall be planned in accordance with their classification and maintenance 
requirements. 

(c) Logging roads and landings shall be planned and located, when feasible, to avoid unstable 
areas. The Director shall approve an exception if those areas are unavoidable, and site-specific 
measures to minimize slope instability due to construction are described and justified in the THP. 

(d) Where roads and landings will be located across 100 feet or more of lineal distance on any 
slopes over 65% or on slopes over 50% which are within 100 feet of the boundary of a WLPZ, 
measures to minimize movement of soil and the discharge of concentrated surface runoff shall be 
incorporated in the THP. The Director may waive inclusion of such measures where the RPF can 
show that slope depressions, drainage ways, and other natural retention and detention features are 
sufficient to control overland transport of eroded material. The Director may require end-hauling 
of material from areas within 100 feet of the boundary of a WLPZ to a stable location if end 
hauling is feasible and is necessary to protect water quality. The Director shall require 
maintenance provisions in the THP for drainage structures and facilities provided that such 
maintenance is feasible and necessary to keep roadbeds and fills stable. 

(e) New logging roads shall not exceed a grade of 15% except that pitches of up to 20% shall be 
allowed not to exceed 500 continuous feet (152.4m). These percentages and distances may be 
exceeded only where it can be explained and justified in the THP that there is no other feasible 
access for harvesting of timber or where in the Northern or Southern Districts use of a gradient in 
excess of 20% will serve to reduce soil disturbance. 

(f) Roads and landings shall be planned so that an adequate number of drainage facilities and 
structures are installed to minimize erosions on roadbeds, landing surfaces, sidecast and fills. 

(g) Unless exceptions are explained and justified in the THP, general planning requirements for 
roads shall include: 

(1) Logging roads shall be planned to a single-lane width compatible with the largest type 
of equipment used in the harvesting operation with turnouts at reasonable intervals. 

(2) Roads shall be planned to achieve as close a balance between cut volume and fill 
volume as is feasible. 

(3) When roads must be planned so that they are insloped and ditched on the uphill side, 
drainage shall be provided by use of an adequate number of ditch drains. 

(h) Road construction shall be planned to stay out of Watercourse and Lake Protection Zones. 
When it is a better alternative for protection of water quality or other forest resources, or when 
such roads are the only feasible access to timber, exceptions may be explained and justified in the 
THP and shall be agreed to by the Director if they meet the requirements of this subsection. 
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(i) [Coast] The location of all logging roads to be constructed shall be flagged or otherwise 
identified on the ground before submission of a TUP or major amendment. Exceptions may be 
explained and justified in the THP and agreed to by the Director if flagging is unnecessary as a 
substantial aid to examining (1) compatibility between road location and yarding and silvicultural 
systems, or (2) possible significant adverse effects of road location on water quality, soil 
productivity, wildlife habitat, or other special features of the area. 

(i) [Northern, Southern] All logging roads shall be flagged or otherwise identified on the ground 
before submission of a THP or major amendment, except for temporary roads less than 600 feet in 
length that would meet the requirements for a minor deviation (see 14 CCR 1036,1039,1040) if 
they were submitted as such. Exceptions may be explained and justified in the THP and agreed to 
by the Director if flagging or other identification is unnecessary as a substantial aid to examining 
(1) compatibility between road location and yarding and silvicultural systems or (2) possible 
significant adverse effects of road location on water quality, soil productivity, wildlife habitat, or 
other special features of the area. 

§§ 923.2, 943.2, 963.2. Road Construction. [All Districts] 

Logging roads shall be constructed or reconstructed in accordance with the following requirements or as 
proposed by the RPF, justified in the THP, and found by the Director to be in conformance with the 
requirements of this Article. 

(a) Logging roads shall be constructed in accordance with the approved THP. If a change in 
designation of road classification is subsequently made, the change shall be reported in accordance 
with 14 CCR 1039 or 1040, as appropriate. 

(b) Where a road section which is greater than 100 feet in length crosses slopes greater than 65 
percent, placement of fill is prohibited and placement of sidecast shall be minimized to the degree 
feasible. The director may approve an exception where site specific measures to minimize slope 
instability, soil erosion, and discharge of concentrated surface runoff are described and justified in 
the THP. 

(c) On slopes greater than 50 percent, where the length of road section is greater than 100 feet, and 
the road is more than 15 feet wide (as measured from the base of the cut slope to the outside of the 
berm or shoulder of the road) and the fill is more than 4 feet in vertical height at the road shoulder 
for the entire 100 feet the road shall be constructed on a bench that is excavated at the proposed 
toe of the compacted fill and the fill shall be compacted. The Director may approve exception to 
this requirement where on a site-specific basis a Registered Professional Forester has described 
and justified an alternative practice that will provide equal protection to water quality and 
prevention of soil erosion. 

(d) [Coast] Fills, including through fills across watercourses shall be constructed in a manner to 
minimize erosion of fill slopes using techniques such as insloping through-fill approaches, 
waterbars, berms, rock armoring of fill slopes, or other suitable methods. 

(d) [Northern, Southern] Roads shall be constructed so no break in grade, other than that needed 
to drain the fill, shall occur on through fill; breaks in grade shall be above or  
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below the through fill, as appropriate. Where conditions do not allow the grade to break as 
required, through fills must be adequately protected by additional drainage structures or facilities. 

(e) Through fills shall be constructed in approximately one foot lifts. 

(f) On slopes greater than 35 percent, the organic layer of the soil shall be substantially disturbed 
or removed prior to fill placement. The RPF may propose an exception in the THP and the 
Director may approve the exception where it is justified that the fill will be stabilized. 

(g) Excess material from road construction and reconstruction shall be deposited and stabilized in 
a manner or in areas where downstream beneficial uses of water will not be adversely affected. 

(h) Drainage structures and facilities shall be of sufficient size, number and location to carry 
runoff water off of roadbeds, landings and fill slopes. Drainage structures or facilities shall be 
installed so as to minimize erosion, to ensure proper functioning, and to maintain or restore the 
natural drainage pattern. Permanent watercourse crossings and associated fills and approaches 
shall be constructed where feasible to prevent diversion of stream overflow down the road and to 
minimize fill erosion should the drainage structure become plugged. 

(i) Where there is evidence that soil and other debris is likely to significantly reduce culvert 
capacity below design flow, oversize culverts, trash racks, or similar devices shall be installed in a 
manner that minimizes culvert blockage. 

(j) Waste organic material, such as uprooted stumps, cull logs, accumulations of limbs and 
branches, and unmerchantable trees, shall not be buried in road fills. Wood debris or cull logs and 
chunks may be placed and stabilized at the toe of fills to restrain excavated soil from moving 
downslope. 

(k) Logging roads shall be constructed without overhanging banks. 

(1) Any tree over 12 inches (30.5 cm) d.b.h. with more than 25 percent of the root surface 
exposed by road construction, shall be felled concurrently with the timber operations. 

(m) Sidecast or fill material extending more than 20 feet (6.1 m) in slope distance from the 
outside edge of the roadbed which has access to a watercourse or lake which is protected by a 
WLPZ shall be seeded, planted, mulched, removed, or treated as specified in the THP, to 
adequately reduce soil erosion. 

(n) All culverts at watercourse crossings in which water is flowing at the time of installation shall 
be installed with their necessary protective structures concurrently with the fill, construction and 
reconstruction of logging roads. Other permanent drainage structures shall be installed no later 
than October 15. For construction and reconstruction of roads after October 15, drainage 
structures shall be installed concurrently with the activity. 

(o) Drainage structures and drainage facilities on logging roads shall not discharge on credible fill 
or other credible material unless suitable energy dissipators are used. Energy 
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dissipators suitable for use with waterbreaks are described in 14 CCR 914.6(f) [934.6(f), 954.6(f)]. 

(p) Where roads do not have permanent and adequate drainage, the specifications of Section 914.6 
[934.6, 954.6] shall be followed. 

(q) Drainage facilities shall be in place and functional by October 15. An exception is that 
waterbreaks do not need to be constructed on roads in use after October 15 provided that all such 
waterbreaks are installed prior to the start of rain that generates overland flow. 

(r) No road construction shall occur under saturated soil conditions, except that construction may 
occur on isolated wet spots arising from localized ground water such as springs, provided measures 
are taken to prevent material from significantly damaging water quality. 

(s) Road construction not completed before October 15 shall be drained by outsloping, waterbreaks 
and/or cross-draining before the beginning of the winter period. If road construction does take 
place after October 15, roads shall be adequately drained concurrent with construction operations. 

(t) Roads to be used for log hauling during the winter period shall be, where necessary, surfaced 
with rock in depth and quantity sufficient to maintain a stable road surface throughout the period of 
use. Exceptions may be proposed by the RPF, justified in the THP, and found by the Director to be 
in conformance with the requirements of this subsection. 

(u) Slash and other debris from road construction shall not be bunched against residual trees which 
are required for silvicultural or wildlife purposes, nor shall it be placed in locations where it could 
be discharged into Class I or n watercourses. 

(v) Road construction activities in the WLPZ, except for stream crossings or as specified in the 
TUP, shall be prohibited. 

§§ 923.3, 943.3, 963.3. Watercourse Crossings. [All Districts] 

Watercourse crossing drainage structures on logging roads shall be planned, constructed, and maintained 
or removed, according to the following standards. Exceptions may be provided through application of Fish 
and Game Code Sections 1601 and 1603 and shall be included in the THP. 

(a) The location of all new permanent watercourse crossing drainage structures and temporary 
crossings located within the WLPZ shall be shown on the THP map. If the structure is a culvert 
intended for permanent use, the minimum diameter of the culvert shall be specified in the plan. 
Extra culverts beyond those shown in the THP map may be 
installed as necessary. 

(b) The number of crossings shall be kept to a feasible minimum. 

(c) Drainage structures on watercourses that support fish shall allow for unrestricted passage of 
fish. 
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(d) When watercourse crossings, other drainage structures, and associated fills are removed the 
following standards shall apply: 

(1) Fills shall be excavated to form a channel which is as close as feasible to the natural 
watercourse grade and orientation and is wider than the natural channel. 

(2) The excavated material and any resulting cut bank shall be sloped back from the 
channel and stabilized to prevent slumping and to minimize soil erosion. Where needed, 
this material shall be stabilized by seeding, mulching, rock armoring, or other suitable  
treatment. 

(e) Permanent watercourse crossings and associated fills and approaches shall be constructed or 
maintained to prevent diversion of stream overflow down the road and to minimize fill erosion 
should the drainage structure become obstructed. The RPF may propose an exception where 
explained in the THP and shown on the THP map and justified how the protection provided by the 
proposed practice is at least equal to the protection provided by the standard rule. 

§§ 923.4, 943.4, 963.4. Road Maintenance. [All Districts] 

Logging roads, landings, and associated drainage structures used in a timber operation shall be maintained 
in a manner which minimizes concentration of runoff, soil erosion, and slope instability and which 
prevents degradation of the quality and beneficial uses of water during timber operations and throughout 
the prescribed maintenance period. In addition those roads which are used in connection with stocking 
activities shall be maintained throughout their use even if this is beyond the prescribed maintenance 
period. 

(a) The prescribed maintenance period for erosion controls on permanent and seasonal roads and 
associated landings and drainage structures which are not abandoned in accordance with 14 CCR 
923.8 [943.8,963.8] shall be at least one year. The Director may prescribe a maintenance period 
extending up to three years in accordance with 14 CCR 1050. 

(b) Upon completion of timber operations, temporary roads and associated landings shall be 
abandoned in accordance with 14 CCR 923.8 [943.8,963.8]. 

(c) Waterbreaks shall be maintained as specified in 14 CCR 914.6 [934.6,954.6]. 

(d) Unless partially blocked to create a temporary water source, watercourse crossing facilities and 
drainage structures, where feasible, shall be kept open to the unrestricted passage of water. Where 
needed, trash racks or similar devices shall be installed at culvert inlets m a manner which 
minimizes culvert blockage. Temporary blockages shall be removed by November 15. 

(e) Before the beginning of the winter period, all roadside berms shall be removed from logging 
roads or breached, except where needed to facilitate erosion control. 

(f) Drainage structures, if not adequate to carry water from the fifty-year flood level, shall be 
removed in accordance with 14 CCR 923.3(d) [943.3(d), 963.3(d)] by the first day of the winter 
period, before the flow of water exceeds their capacity if operations are conducted during the 
winter period, or by the end of timber operations whichever occurs 
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first. Properly functioning drainage structures on roads that existed before timber operations need 
not be removed. The RPF may utilize an alternative practice, such as breaching of fill, if the 
practice is approved by the Director as providing greater or equal protection to water quality as 
removal of the drainage structure. 

(g) Temporary roads shall be blocked or otherwise closed to normal vehicular traffic before the 
winter period. 

(h) During timber operations, road running surfaces in the logging area shall be treated for 
stabilization (rocked, watered, chemically treated, asphalted or oiled) where necessary to prevent 
excessive loss or road surface materials. 

(i) Soil stabilization treatments on road or landing cuts, fills, or sidecast shall be installed or 
renewed, when such treatment could minimize surface erosion which threatens the beneficial uses 
of water. 

(j) Drainage ditches shall be maintained to allow free flow of water and minimize soil erosion. 

(k) Action shall be taken to prevent failures of cut, fill, or sidecast slopes from discharging 
materials into watercourses or lakes in quantities deleterious to the quality or beneficial uses of 
water. 

(1) Each drainage structure and any appurtenant trash rack shall be maintained and repaired as 
needed to prevent blockage and to provide adequate carrying capacity. Where not present, new 
trash racks shall be installed if there is evidence that woody debris is likely to significantly reduce 
flow through a drainage structure. 

(m) Inlet and outlet structures, additional drainage structures (including ditch drains), and other 
features to provide adequate capacity and to minimize erosion of road and landing fill and 
sidecast to minimize soil erosion and to minimize slope instability shall be repaired, replaced, or 
installed wherever such maintenance is needed to protect the quality and beneficial uses of water. 

(n) Permanent watercourse crossings and associated approaches shall be maintained to prevent 
diversion of stream overflow down the road should the drainage structure become plugged. 
Corrective action shall be taken before the completion of timber operations or the drainage 
structure shall be removed in accordance with 14 CCR Section 923.3 (d) [943.3(d), 963.3(d)]. 

(o) Except for emergencies and maintenance needed to protect water quality, use of heavy 
equipment for maintenance is prohibited during wet weather where roads or landings are within a 
WLPZ. 

(p) The Director may approve an exception to a requirement set forth in subsections (b) through 
(o) above when such exceptions are explained and justified in the THP and the exception would 
provide for the protection of the beneficial uses of water or control erosion to a standard at least 
equal to that which would result from the application of the standard rule. 
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§§ 923.5, 943.5, 963.5. Landing Construction. [All Districts] 

Landings shall be constructed according to the following standards: 

(a) On slopes greater than 65 percent, no fill shall be placed and sidecast shall be minimized to the 
degree feasible. The director may approve an exception if, site specific measures to minimize 
slope instability, soil erosion, and discharge of concentrated surface runoff are described and 
justified in the THP. 

(b) On slopes greater than 50 percent, fills greater than 4 feet in vertical height at the outside 
shoulder of the landing shall be: 1) constructed on a bench that is excavated at the proposed toe of 
the fill and is wide enough to compact the first lift, and 2) compacted in approximately 1 foot lift 
from the toe to the finished grade. The RPF shall flag the location of this bench or shall provide a 
description of the bench location (narrative or drawing) in the THP for fills meeting the above 
criteria, where the length of landing section is greater than 100 feet. The RPF may propose an 
exception in the THP and the Director may approve the exception where it is justified that the 
landing will be stabilized. 

(c) Waste organic material, such as uprooted stumps cull logs, accumulations of limbs and 
branches, or unmerchantable trees, shall not be buried in landing fills. Wood debris or cull logs 
and chunks may be placed and stabilized at the toe of landing fills to restrain excavated soil from 
moving downslope. 

(d) Constructed landings shall be the minimum in width, size, and number consistent with the 
yarding and loading system to be used. Landings shall be no larger than one-half acre (0.202 ha) 
unless explained and justified in the THP. 

(e) No landing construction shall occur under saturated soil condition. 

(f) The following specifications shall be met upon completion of timber operations for the year or 
prior to October 15, whichever occurs first: 

(1) Overhanging or unstable concentrations of slash, woody debris and soil along the 
downslope edge or face of the landings shall be removed or stabilized when they are 
located on slopes over 65 percent or on slopes over 50 percent within 100 feet of a WLPZ. 

(2) Any obstructed ditches and culverts shall be cleaned. 

(3) Landings shall be sloped or ditched to prevent water from accumulating on the 
landings. Discharge points shall be located and designed to reduce erosion. 

(4) Sidecast or fill material extending more than 20 feet in slope distance from the outside 
edge of the landing and which has access to a watercourse or lake shall be seeded, planted, 
mulched, removed or treated as specified in the THP to adequately reduce soil erosion. 

(5) Sidecast or fill material extending across a watercourse shall be removed in 
accordance with standards for watercourse crossing removal set forth in 14 CCR 

923.3 (d). 
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(g) On slopes greater than 35 percent, the organic layer of the soil shall substantially removed 
prior to fill placement 

(h) When landings are constructed after October 15 they shall be adequately drained concurrent 
with construction operations and shall meet the requirements of (f)(l) through (f)(4) of this 
subsection upon completion of operations at that landing. 

(j) The RPF may propose and the Director may approve waiver of requirements in (f)(l) through 
(f)(4) of this subsection if the Director finds they are not necessary to minimize erosion or prevent 
damage to downstream beneficial uses. The Director may also approve an exception to the 
October 15th date for treatment of slash and debris, including the practice of burning. 

§§ 923.6, 943.6, 963.6. Conduct of Operations on Roads and Landings [All Districts] 

Routine use and maintenance of roads and landings shall not take place when, due to general wet 
conditions, equipment cannot operate under its own power. Operations may take place when roads and 
landings are generally firm and easily passable or during hard frozen conditions. Isolated wet spots on 
these roads or landings shall be rocked or otherwise treated to permit passage. However, operations and 
maintenance shall not occur when sediment discharged from landings or roads will reach watercourses or 
lakes in amounts deleterious to the quality and beneficial uses of water. 

This section shall not be construed to prohibit activities undertaken to protect the road or to reduce 
erosion. 

 

C9  •  Appendix C: Forestry Rules for Road Construction and Maintenance



APPENDIX D: STICK METHOD OF CURVE LAYOUT 

Horizontal Curve Layout 
Two simple procedures are described. The first, the center stake method, has been described in the text of 
the Handbook. The second, a stick procedure, is described below. The center stake method is limited to 
gentle terrain and good visibility while the latter is more suitable to difficult sites. 

Stick Method 
Simple curves may be staked on the ground with a stick and a tape. Using a 25 or 50 foot staking distance, 
consult Table D-l for the proper stick length to set the radius shown. Figure D-l shows the process. 

Adjustments needed for Topography and Grade 
The curve layout description assumes that the area is flat. Seldom is this the case. Measurements of length 
then need adjustment to compensate for slopes. 

When the distance being measured is short, the tape can be held level. For longer lengths, measure the 
distance by segments-each held level. Where the distance is longer than convenient for the leveling 
method, adjust the measured slope's length by using Table 11 (see Chapter ffl). 

Grade may be carried around the curve by running a line with the desired slope for the distance of the 
curve. This will often be away from the center line of the road due to the topography. If this occurs, run a 
level line to the point of tangency (PT), where the curve ends (see Figure D-2). 

 

D1  •  Appendix D: Stick Method of Curve Layout



Table D-l. Stick length for curve radius by stake distance (ft) 
 

Stake Distance 
 

Curve Radius Feet 
 

25 feet 
 

50 feet 
 

50 
 

6.7l 
 

 
 

60 
 

5.5 
 

26.8 
 

80 
 

4.1 
 

17.6 
 

100 
 

3.2 
 

13.4 
 

150 
 

2.1 
 

8.6 
 

200 
 

1.6 
 

6.4 
 

250 
 

1.3 
 

5.1 
 

300 
 

1.1 
 

4.2 
 

350 
 

0.9 
 

3.6 
 

400 
 

0.8 
 

3.1 
 

600 
 

0.5 
 

2.1 
 

800 
 

0.4 
 

1.6 
 

1000 
 

0.3 
 

1.3 
 

 
1 Convert tenths offeet to inches by multiplying 12 x decimal shown in table. For example: 6.7 ft.; 0.7 x 12 = 8.4 or 8; 6ft. 8 inches.  

Switchbacks 

Where two control points cannot be reached by running maximum grade in a single direction, switchbacks 
are required. They are placed at the point where a grade reverses direction on a slope. Find the location for 
a switchback by running the greatest allowable grade downhill from the higher control to a location 
suitable for the turn. 

Good switchback sites are areas with little side slope where the loop may be constructed with the least 
excavation. Look on low gradient benches or along broad, flat ridges for suitable sites. 

Once the switchback has been located, you reverse the course of the tagline and continue downhill to see 
if additional turns are needed. Maximum grade is maintained until all switchbacks are located. Some 
adjusment can take place after one is assured of reaching the two control points. 

Switchbacks usually require much earth movement. For this reason a comparison should be made between 
crossing controls and the added work to install a switchback.  
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Figure D-1.  

Figure D-2. 
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Reduce the grade of the straight stretches into and out of the switchback. This will help maintain the grade 
through the curve. The curve itself is set at not more than 8 percent grade, and preferably much less. 

There should be no more excavation of the hillslope than that needed to form fill along the lower side of 
the switchback. This is accomplished by offsetting the center of the curve until about half the curve is 
excavated. 

To construct a switchback, do the following: 

 

 

4. From the upper tagline, 
run a new grade line back to the curve from stake 3 feet at approximately 2 percent less than the tagline 
grade. Where this new line reaches the extension of a right angle line from stake 2, set a new stake 4. 

5. Measure the radius distance along the right angle line from stake 4 and place a new stake 5 for the 
center of the curve. 

6. Mark out a curve using the center stake 5 until the extended right angle line from stake 2 is again 
reached. Set a stake 6. 

7. From stake 7 run a grade line that will reach stake 3 feet along the lower side of the curve. 

8. Note: Distances measured are horizontal (correct for slope. Table 11 (Chapter III). Constructing a right 
angle. Figure D-4. Bisecting an angle, Figure D-5. 

Figure D-3. 

1. Stake intersection of the two 
grade lines, stake 1, Figure D-3. 

2. Bisect the intersection angle, 
and set stake 2 on the line a 
curve radius distance from the 
point of intersection (PI). 

3. Along the line bisecting the 
angle, place a stake 3 on its 
path where a right angle line 
equal to the curve diameter just 
touches the two grade lines. Set 
stakes 3'. 
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Figure D-5. 

 

Figure D-4. 
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APPENDIX E: ESTIMATING CULVERT LENGTHS 

Determining needed culvert lengths 
The following simplified procedure 1 can be used to determine culvert lengths needed for installation of a 
new stream crossing or a ditch relief drain. Refer to the following diagram for specific locations and 
distances described in the step-by-step procedure. A complete example follows the step-by-step 
instructions. 

STEP      DO THIS... 

1.    Estimate the depth of the fill (F) at the running surface on the inside of the road above 
the culvert inlet (point "a"). 

2.     Additional width (C) due to fill is then estimated as 1.5 times the fill depth (F) (that is, 
all fill slopes are assumed to be 1.5:1 in steepness) 

3.  Add half the road width (½ W) and the fill width (C). Measure this distance 
horizontally upstream from the center line of the road and place stake at location 
A. The horizontal distance must be converted to slope distance before you can tape 
it off on the ground. Converting horizontal distance to slope distance (on-the-
ground distance) is simple using the following chart. 

4.    Repeat steps 1 through 3 for the culvert outlet side of the crossing and place stake at 
location B. 

5.    Measure the slope length between stakes A and B. This measurement, plus two to four 
extra feet, is the length of culvert needed for the installation. The extra several feet 
are added to extend the inlet and outlet beyond the edge of the fill. 

1 Method for estimating required culvert lengths described in USDA (1981). 
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Slope correction factors to c onvert horizontal distance to slope distance 
 

Hillslope or stream channel 
gradient (%) 

 

Correction factor (multiplier) 
 

Hillslope or stream channel 
gradient (%) 

 

Correction factor (multiplier) 
 

10 
 

1.001 
 

45 
 

1.10 
 

15 
 

1.01 
 

50 
 

1.12 
 

20 
 

1.02 
 

55 
 

1.14 
 

25 
 

1.03 
 

60 
 

1.17 
 

30 
 

1.04 
 

65 
 

1.19 
 

35 
 

1.06 
 

70 
 

1.22 
 

40 
 

1.08 
 

75 
 

1.25 
 

 
1 for a slope of 10% or less, no correction factor is needed.  

For example: 44 feet horizontal distance equals 52.4 feet slope distance on a 65% slope. 

horizontal distance   X     correction factor     =     Slope distance 

    (44ft)       X            (1.19)                 =     52.4ft  

 

Figure E-l. 
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Example      What culvert length is needed for a 14 foot wide road crossing a stream with 
problem:      a 55% gradient. The estimated inside/ill depth, above the cmp inlet, will be                

6 feet and the fill depth above the outlet will be 13 feet. 

Step 1:         Estimated depth of fill (F) at culvert inlet = 6 feet 

Step 2:         C = 1.5 x 6 = 9 feet 

Step 3:        Want 14 foot wide road (W), so ^ x 14 = 7 feet 

Stake A (the location of the culvert inlet) should be placed on the ground a distance of 
(9+7) = 16 horizontal feet up the stream channel from the flagged centerline of the road. 
According to the correction table, 16 feet horizontally on a 55% slope is 18.2 feet slope 
distance (16' x 1.14 = 18.2'). Place the inlet stake (A) 18.2 feet up the channel from the 
centerline of the road. 

Step 4:        Estimated depth of fill (F) at culvert outlet =13 feet 

Step 5:        C = 1.5x13 = 20 feet 

Step 6:       Want 14 foot wide road (W), so ½   x 14 = 7 feet 

Stake B (the location of the culvert outlet) should be placed on the ground a distance of (13 
+ 20) = 33 horizontal feet down the stream channel from the flagged centerline of the road. 
According to the correction table, 33 feet horizontally on a 55% slope is 37.6 feet slope 
distance (33' x 1.14 = 37.6'). Place the outlet stake (B) 37.6 feet down the channel from 
the centerline of the road. 

Step 7:        Length of culvert needed =  18.2' + 37.6' = 55.8' or about 56 feet. Approximately two to 
four feet should be added to this length to make sure the culvert inlet and outlet extend 
sufficiently beyond the base of the fill. 

Final culvert length to be ordered and delivered to the site = 56' + 4' = 60 feet 
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