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GENERAL DESIGN MEMORANDUM - PHASE I 

PLAN FORMULATION. 

GENERAL DATA 

Name 

Authorization 

Streams 

Counties and State 

Purpose 

DRAINAGE AREAS 

Bear Reservoir 
Burns Reservoir 
Haystack Reservoir 

Pertinent Data for 
Recommended Plan 

x 

Merced County Streams, 
Cal ifornia 

Flood Control Act of 
31 December 1970 
Public Law 91-611 
Sec 201, 84 Stat 1824 

Bear Creek 
Burns Creek 
Black Rascal Creek 
Canal Creek 
Black Rascal Slough 
Fahrens Creek 
Cottonwood Creek 
El Capitan Canal 

Merced and Mariposa; 
California 

Flood control, and 
recreation. 

72.1 sq. mi. 
72.2 sq. mi. 
18.3 sq. mi. 



Drainage areas (Cont'd) 

Castle Reservoir 
Lower Bear Cr. Channel 
Bear Creek above W. 16th St. 
Fahrens Creek and tributaries 

RESERVOIR DATA: 

CASTLE RESERVOIR 

II 
'Ii 

Dam 

Type - Impervious core with 
random fi 11 upstream and downstream, 
with transition zones between core 
and random fill. 

Top of dam (crest) elevation 
Freeboard above spillway flood pool 
Crest width 
Crest length 
Side slopes 

Upstream 
Downstream 

Maximum height (bottom of core 
trench to crest) 

Total excavation (incl. borrows) 
Total volume of embankment 

Dikes 

Type - Homogeneous earthfill 
Crest width 
Crest length 
Side slopes 

Upstream 
Downstream 

Total excavation (incl. borrows) 
Total volume of embankment 

Spi 11 way 

Type - Perched spillway with an 
unlined approach and discharge 
channel. 

Spillway (ungated) - Concrete 
control si 11 

Crest length 
Crest width 

All elevations mean sea level 
1 vertical (v) on 3.0 horizontal (H) 

xi 

28.2 sq. 
254.0 sq. 
204.0 sq. 
40.4 sq. 

220.5 
3.5 

20 
2,250 

mi. 
mi. 
mi. 
mi. 

feetl/ 
feet 
feet 
feet 

1 V on 3.0 H~I 
1 V on 2.5 H 

52.5 feet 
41,100 C.Y. 

150,000 c.y. 

20 feet 
4,090 feet 

1 V on 3.0 H 
1 V on 2.5 H 
32,900 C.Y. 
37,700 C.Y. 

8.5 feet 
300 feet 



SpillwClJ data (Cont'd) 

Crest e"levation 
Spi 11 way length 

Discharge channel 
Approach channel 

Spillway side slopes 
Discharge channel 
Approach channel 

Total excavation 

Outl et works 

Type ." Ungated riser intake (drop 
inlet structure), gated 
irrigation bypass, 
cut-and-cover conduit, exit 
structure (impact basin) 
and exit channel. 

Location - Foot of left abutment 
Riser - Rectangular cross section 
Hei gilt from conduit invert to ri ser 

crest elevation 
1 - side drop inlet 

C1'est Elevation 
Length 

1 - 2' wide by 1.5' high port 
invert elevation 

1 - 7,0' diameter reinforced concrete 
cut-and-cover conduit 

Intake elevation 
Riser crest 
Low 1 eve 1 port 
Irrigation bypass 
Conduit Invert 

Impact basin 
Width 
Total length 

E)( it channe 1 
Side slope 
Length 
Width 

xii 

212.5 feet 

860 feet 
800 feet 

1 V on 2 H 
1 V on 2 H 
175,000 c.Y. 

21.5 feet 

202.5 feet 
5 

183.0 feet 

202.5 feet 
183.0 feet 
18LO feet 
181.0 feet 

22 feet 
·30 feet 

1 V on 'I II 
30 feet 
22 feet 



Reservoir pool elevations 
Gross pool 
Spillway design flood pool 

Reservoir areas 
At gross pool 
J\t spil 'lway des'"iSFl flood poo"1 

Reservoir storage 
At gross pool 
At spillway design flood pool 

Perimeter at gross pool 

Length of reservoir 

Runoff, average annual (estimated 
unimpaired) 

Flow 
Iviean annual at ciarnsite 
Standard project flood peak illflow 
Standard project flood peak outflow 
Spi1"lway design flood peak "iflnaw 
Spil hlay design flood peak outflow 

xiii 

211.0 
217 .0 

780 
1,310 

7,100 
13,100 

19.5 

6.9 

3,830 

5 
4,100 

570 
9,050 
1,900 

feet 
feet. 

acres 
acres 

acre-feet 
a.cy'€-fec0t 
mi 1 es 

miles 

acre-feet 

cfs 
cfs 
cfs 

cfs 



HAYSTACK MOUNTAIN RESERVOIR 

Dam 

Type - Impervious core with random 
fill shells upstream and 
downstream with transition 
zones between core and random 
fi 11. 

Top of dam (crest) elevation 
Freeboard above spillway flood pool 
Crest width 
Crest length 
Side slopes 

Upstream· 
Downstream 

Maximum height (bottom of core trench 
to crest) 

Total excavation (incl. borrows) 
Total volume of embankment 

Spi llway data 

Type - Perched spillway with an 
unlined approach and discharge 
channel. 

Spillway (ungated) - Concrete 
control sill 

Crest length 
Crest wi dth 
Crest elevation 

Spi 11 way 1 ength 
Discharge channel 
Approach channel 
Slope of discharge channel 

Spillway side slopes 
Discharge channel 
Approach channel 

Total excavation 

Outlet works 

Type - Ungated riser intake (drop 
inlet structure), ~ut-and-cover 
conduit, exit structure 
(impact basin) and exit channel. 

Riser - Rectangular cross section, 
ungated Height from conduit 
invert to crest elevation 

xiv 

313.0 feet 
3.0 feet 

20 feet 
2,245 feet 

1 V on 2.5 H 
1 V on 2.5 H 

78 feet 
514,000 C.Y. 
545,000 C.Y. 

20 ·feet 
210 feet 
305.0 feet 

570 feet 
400 feet 

2.0% 

1 V 
1 V 

189,000 

on 2 H 
on 2 H 

C.Y. 

37.5 feet 



c. Outlet works (Cont'd) 

2 - side drop inlets 
Crest elevation 
Length 

1 - 3.9' wide by 1.0' high port 
invert elevation 

Conduit - number and size 
1 - 5.75-foot-diameter cut-and-cover 

conduit - 245 feet long 
Intake elevation 

Riser crest 
Low level port 
Conduit invert 

Impact basin 
Width 
Total length 

Ex it channe I 
Side slope 
Width 
Length 

Reservoir pool data 

Reservoir pool elevations 
Gross pool 
Spillway design flood pool 

Reservoir areas 
At gross pool 
At spillway design flood pool 

Reservoir storage 
At gross pool 
At spillway design flood pool 

Perimeter at gross pool 

Length of reservoir 

Runoff, average annual (estimated) 

Flow 
Mean annual at damsite (estimated) 
Standard project flood peak inflow 

xv 

296.5 feet 
17.25 feet 

265.0 feet 

296.5 feet 
265.0 feet 
259.0 feet 

29 feet 
39 feet 

1 V on 2 H 
29 feet 
68.5 feet 

299.0 
310.0 

425 
785 

5,800 
12,600 

6.4 

2.3 

2,080 

3 
3,800 

feet 
feet 

acres 
acres 

acre-feet 
acre-feet 

miles 

mi I es 

acre-feet 

cfs 
cfs 



Hydrology (Cont'd) 

Standard project flood peak outflow 
Spillway design flood peak inflow 
Spillway design flood peak outflow 

BURNS RESERVOIR 

Dam 

Type Extension and expansion of 
existing impervious earthfill 
dam by use of random fill. 

Top of dam (crest) elevation 
Freeboard above spillway flood pool 
Crest width 
Cres t 1 ength 
Side slopes 

Upstream 
Downstream 

Maximum height (bottom of core trench 
to crest) 

Total excavation (incl. borrow) 
Total volume of embankment 

Dikes 

Type - Existing impervious earthfill 
enlarged with random fill. 

Crest width 
Sta 168+16.40 to Sta 201+56.40 
Sta 0+27.00 to Sta 98+74.00 and 
Sta 0+00.00 to Sta 16+80.00 

Crest length 
Side slopes 

Upstream 
Downstream 

Total excavation (incl. borrows) 

Total volume of embankment 

Spi llway data 

Type - Existing spillway would be 
removed and replaced by a 
40-foot-wide ungated ogee 
section with stilling basin. 

Crest width 
Crest elevation 
Spillway length 

Discharge channel 

xvi 

450 
10,250 
1,300 

334.5 
4.0 

20 
4,800 

1 V 
1 V 

68 
1,160,000 

972,000 

on 
on 

cfs 
cfs 
cfs 

feet 
feet 
feet 
feet 

3 H 
3 H 

feet 
C.Y. 
C.Y. 

20.0 feet 

12.0 feet 
14,870 feet 

1. 0 V on 3.0 H 
1. 0 V on 3.0 H 
included in dam 
quantity 
included in dam 
quantity . 

53 feet 
315.0 feet 

130 feet 



~i 11 way d~ta (Cant' d) 

Approach channel 
Slope of discharge channel 
Stilling basin 

Width 
Apron elevation 
Total length 

Exit channel 
Side slope 
Length (approximately) 

Total excavation 

Outlet works 

Type - Existing conduit would be 
removed and replaced by 3.75' 
diameter modified circular 
conduit at existing location. 
Exit structure (impact basin) 
and exit channel. 

Conduit - number and size 
1 - 3.7S-foot-diameter modified circular 

conduit - 395 feet long 
Intake elevation 

Conduit invert 
Impact basin 

Width 
Total length 

Ex it channel 
Side slope 
Width 

Reservoir pool data 

Reservoir pool elevations 
Gross pool 
Spillway design fl ood pool 

Reservoir areas 
At gross pool 
At spillway design flood pool 

Reservoir storage 
At gross pool 
At spillway design flood pool 

Perimeter at gross pool 

x vi i 

130 feet 
33.3% 

53 feet 
253.1 feet 

77 feet 

1 V 
380 

44,700 

on 2 H 
feet 
C.Y. 

266.0 feet 

24 feet 
32 feet 

1 V on 2 H 
24 feet 

315.0 feet 
330.5 feet 

1,540 acres 
2,700 acres 

22,600 acre-feet 
54,000 acre-feet 

18.3 mi I es 



Reservoir pool data (Cont'd) 

Length of reservoir 

Hydrology 

Runoff, average annual 
(1922-48 estimated, 1949-72 recorded) 

Flow 
Mean annual at damsite 
Standard project flood peak inflow 
Standard project flood peak outflow 
Spillway design flood peak inflow 
Spillway design flood peak outflow 

BEAR RESERVOIR 

Dam 

Type - Extension and expansion of 
existing earthfill dam. 
New section at the right 
abutment will be earthfill 
with impervious core and a 
random fill upstream and 
downstream with transition 
zones between core and random 
fi 11. 

Top of dam (crest elevation) 
Freeboard above spillway flood pool 
Crest width 
Crest length 
Side slopes (new section) 

Upstream 
Downstream 

Side slopes (modified existing section) 
Upstream 
Downstream 

Maximum height (bottom of core trench 
to crest) 

Total excavation (incl. borrows and 
existing dike) 

Total volume of embankment, 

5EJlway data 

Type - Existing spillway would be 
abandoned and replaced with 
90-foot-wide ungated agee 
spillway with stilling basin. 

xviii 

3.8 miles 

13,330 

18 
15,000 
1,800 

29,000 
8,500 

480.5 
5.0 

20 
3,165 

1. 0 V on 
1. 0 V on 

1 V 
1 V 

138 

1, 600,000 
1,540,000 

acre-feet 

cfs 
cfs 
cfs 
cfs 
cfs 

feet 
feet 
feet 
feet 

2.75 H 
2.0 H 

on 2 H 
on 2 H 

feet 

C.Y. 
C.r:. 



Spillway data 

Crest length 
Crest elevation 
Approach channel 

Type - unlined trapezoidal 
Bottom width 
Side Slopes 
Total length 
Slope 

Discharge chute 
Tot all ength 
Slope 

Stilling basin 
Width 
Apron elevation 
Total length 

Exit channel 
Side Slope 
Width 
Length 

Total excavation 

Outlet works 

Type - Conduit would be gated in a 
dual passage gate section. 
Major portion of existing 
7-foot diameter cut-and-cover 
conduit would be used. Exit 
structure (stilling basin) and 
ex it channel. 

Conduit - number and size 
2 - 7.0' H x 3.5' W rectangular 

conduit - 37 feet long 
1 - Transition from 2 - 7.0' H x 3.5' 

W rectangular conduit to 7.0' 
diam. circular conduit. - 46.0 
feet long 

1 - 7.0' diameter circular conduit -
460 feet long 

1 - Transition from 7.0' diameter 
circular conduit to 7.0' H x 5.25' 
W rectangular conduit - 20.0 
feet long 

1 - 7.0' H x 5.25' W rectangular 
conduit - 5.0 feet long 

Intake elevation 
Conduit invert 

xix 

90 feet 
455 feet 

90 feet 
on 2 H 

feet 
1 V 

1,400 
0.4% adverse 

96 
33% 

90 
388 
110 

1 V 
100 
550 

530,000 

feet 
constant 

feet 
feet 
feet 

on 2 H 
feet 
feet 
C.Y. 

344.0 feet 



Outlet works (Cont'd) 

Gates 
Bulkhead 

Service 

Emergency 

Stilling basin 
Width 
Apron elevation 
Total length (including parabolic 
drop) 

Ex it channe 1 
Slope 
Width 

Reservoir pool data 

Reservoir pool elevations 
Gross pool 
Spillway design flood pool 

Reservoir areas 
At gross pool 
At spillway design flood pool 

Reservoir storage 
At gross pool 
At spillway design flood pool 

Perimeter at gross pool 

Length of reservoir 

Hydrology 

Runoff, average annual 
(1956-1972 recorded) 

Flow 
Mean annual at damsite 
Standard project flood peak inflow 
Standard project flood peak outflow 
Spillway design flood peak inflow 
Spillway design flood peak outflow 

xx 

1-3'-6" wide by 
9'-4" high 
1 - slide gate 
3'-6" x 7'-0" 
1 - slide gate 
3'-6" x 7'-0" 

20 feet 
326.7 feet 

142 feet 

1 V on 10 H adverse 
40 feet 

455.0 feet 
475.5 feet 

.. ·545 acres 
650 acres 

24,000 acre-feet 
36,300 acre-feet 

18.8 miles 

4.4 miles 

19,020 acre-feet 

26 cfs 
20,900 cfs 

4,200 cfs 
38,850 cfs 
27,000 cfs 



LEVEE AND CHANNEL r1JDlFICATlON 

LOWtR BEAR CR EEk UPPER BEAR CREEK 
Bear Creek Black Rasca I 

Drain Channel Bear Creek B~eass Slough Bear' Creek 
E.S. BlEass to E.S. Canal E. S. Canal to Crane Road Crane Rd. to Crocker Dam Above Cr'9cker ~Dam 

Length (mil es) 3.7 4.0 9.4 7.4 1.1 

Levee improvements 
Length (stream miles) 3.7 4.0 2.4 5.4 0.6 
Avg. hei ght of 

levees (feet) 9 7 6.5 6 4.5 
Crown width of 

I evees (feet) 12 12 12 12 12. 
Landsi de slope IVan 2H 1 V on 2H IV on 2H IV on 2 H 1 V on 2H 
Waterside slope IVan 3H IVan 3H IVan 3H 1 V on 3 H IV on 3H 
R iprap length 

x (feet) 150 600 2,400 
x 
~. 

Road resurfacing on 
existing levees 
Length (stream mil es) 7 2 0.5 1./ 

New Channel excavation 
Length (stream miles) 3.7 4.0 4.8 5.4 0.6 
Avg. bottom width 

feet ' 140 150 60 40 120 
Avg. depth (feet) 6 5 9 8 12 

Project design flows 
(cfs) 9,000 6,500 2,000 4,500 7,000 

I{ Raise road to act as levee 



x 
x 
~. 

~. 

LEVEE AND CHANNEL MODIFICATION 

STREAM =- Fahrens TY'K. 
Bear Crk. to 

REACH :Cottonwood Crk. 

Length (miles) 3.4 

Levee Improvements 
Length (stream mi les) 3.4 
Avg. height of levees 

(feet) 7 
Wi dth of 1 evees 

(feet) 12 
Landside slope 1 V on 2H 
Waterside slope IV on 3H 
Riprap length (feet) 2,300 

New Channel excavation 
Length (stream mi 1 es) 2.2 
Avg. botton width 

(feet) 100 
Avg. depth (feet) 10 

Project design flQwS 7,000 
(c fs) 

FAHRENS CREEK 

Fahrens Crk. 
Above 

Cottonwood Crk.: 

0.8 

0.8 

5 

12 
1 V on 2H 
IV on 3H 

0.8 

60 
7 

6,300 

Black Rascal Crk. 
F ahrens Crk. 
to G. Street 

1.6 

1.2 

4 

12 
1 V on 2H 
1 V on 3H 

150 

1.6.Y 

30 
9 

1,800 

lL Includes 0.4 miles of concrete box channel 

Cottonwood Crk. 

1.1 

1.1 

4.5 

12 
IVan 2H 
IV on 3H 

0.8 

40 
7 

1,900 

ET-Capitan 
Canal 

0.9 

0.9 

9 Crown 

12 
IVan 2H 
IVan 3H 

negl'igible 



RELOCATIONS AND ttODIFICATIONS 

Castl e Haystack Mt. Burns Bear F ahrens & Bear Drain 
Item Reservoir Reservoir Reservoir Reservoir Tributaries Creek Channel 

State highway bridges 
repl aced 1 

Local road bridges replaced 9 
New 1 DC a 1 road bri dges 1 
New private road bridges 2 1 
Private road bridges modified 1 
Railway bridges replaced 3 
Abandoned railway bridge 

rEmoved 1 
Residential homes 2 
Barns & as'soc i ated structures 1 1 1 
Power line (mi) 0.5 0.6 0.8 0.8 
Telephone lines (mi) 0.9 0.6 
Television cable (ft) 400 350 x R.R. Tel & Tel Signal Line x 

~. 

(feet) 500 
~. 

Waterlines (mil .5 
Sewer1ines (mi) .4 
Gaslines (mi) .5 
Irrigation lines and 

cana 1s Cmi) 1.2 6.3 
Fencing (mi) , 4.7 39.4 
Roads (mi) 0.3 1.5 0.5 
Storm Drain (mi) 0.9 
3~" x 3~" Concrete Drain 

Strs (ea) 5 6 
Concrete spillways (ea) 9 
Drag gates (Barbed wire) (ea) 74 
Wire mesh gates (ea) 15 
42" Irrigation siphons (ea) 2 
Inverted siphons (ea) 3 1 
Drainage pump modification 

( Job) 1 
Relocate pump structure (Job) 1 3 



RECREATION FACILITIES 

Biketrails 
10-foot-wi de black top bikeway 6 mi 
Location - on top of the levees 

along those sections of Black 
Rascal and Fahrens Creeks north 
of State Highway 99. 

Staging areas 
Quantity 2 
Locati on - one at each end 

of Fahrens Creek 
F ac i 1 i ti es 

Graveled parking area 
for 1.0 cars 
4 picnic tables 
Potable water supply 
Chemical restrooms 

Access ramps 
Quantity 3 
Location - strategic locations 

along the levee 
Bridge - would link the Fahrens 

and Black Rascal portions of 
the trail. 

Activity mix 
B i cye 1 i ng 60''& 
Pedestrian activities 35% 
Equestrian activities 5% 

FISH AND WILDLIFE PROJECT IMPACTS 

Unavoidable detrimental impact 
Cultivated agriculture removed 316 acres 
Grassland removed 905 acres 
Riparian habitat removed 45 acres 
Marsh 1 and 25 acres 

Beneficial impacts 
Habitat preserved 

Freshwater marshland 2800 acres 
Grass1 and 111 acres 
Riparian 14 acres 

Hab it at created 
Freshwater marshland 25 acres 
Riparian 45 acres 
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ECONm~1 CS 

Cost (7-1/8 interest r~te, 1 Oct 1979 price level) 

Total Federal first cost 1/ 
Total non-Federal fi rst cost 

Total first cost 

Total Federal annual cost '£/ 
Total non-Federal annual cost 

Total annual CQst 

$67,100,000 
14,000,000 

$81,100,000 

$ 4,966,500 
1,127,000 

$ 6,093,500 

Justification (7-1/8% interest rate, 1 Oct 1979 price level) 

Average annual benefits 
Flood control 
Recreation 
Emp 1 oyment 

Total average annual benefits 
Net benefits 
Benefit-cost ratio 

$ 6,380,000 
62,000 

500,000 
6,942,000 

$ 848,500 
1.14 to 1 

lIOf the $67,100,000 first cost, Non-Federal interests will 
reimburse tile Federal government $130,000 for their share of the 
recreation facilities and $111,000 for their share of the mitigation 
facilities. 

'£ICost includes an adjustment for recreation and mitigation 
reimbursements. 
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1. GENERAL. 

Merced County Streams, Ca"1 iforni a 
General Design Memorandum - Phase I 

Plan Formulation 

CHAPTER I - IN"FRODllCTlON 

a. Authorizat i on. The project for Merced County Streams, 
California, was authorized by Section 201 of the Flood Control Act of 
31 December 1970 (Public Law 91-611 Sec 201, 84 Stat. 1824). The 
project, as shown on Plate I, is authorized for flood control, 
irrigation, recreation, and fish and wi ldlife enhancement, and is 
comprised of: (1) three new detention dams (Castle, Haystack 
Mountain, and Marguerite); (2) enlargement and modification of four 
existing detention dams (BuY'ns, Be.lf, Owens, and Mariposa); and (3) 
about 52 miles of levee and eha.nnel modifications. Plate I shows the 
authorized plan of improvement. 

b. PURPOSE AND SCOPE OF STUDY. - Tile purpose of the Phase I GDM 
studies is to determine what- changes, if any, should be made in the 
authorized project plan befoY'e proceeding to construction. A decade 
has pa.ssed since the authorization" Si9nificant physical, economic, 
and social changes have occurred in the areas affected by the 
project. In addition, pub"1 ic attitudes and agency evaluation criteria 
regarding water resources development have changed. Therefore, the 
studi es inc 1 ude a reassessment of f1 ood control and water-related 
needs and opportunities in the study area; reexamination of possible 
alternatives to the authorized plan; reevaluation of project impacts 
and mitigative and enhancement measUt'es; and cooY'dination with 
agencies, interest groups, and the general public. The Phase I GDM is 
primarily a planning document; studies are of feasibility scope. 
Proj ect des i gns have been refi ned on ly to the level of detail 
necessary to make realistic cost estimates and adequately define 
significant project impacts. Detailed disigns and cost estimates, 
cost allocations, final land requirements, etc. wi 11 be determined 
during the Phase II GDM studies. Included in the feasibility-scope 
cost estimates is a contingency item to cover modifications that may 
be found necessary as a result of more detailed designs. The Phase I 
GDM has been prepared in accordance with Engineer Regulations 
1105-2-920 and 1110-2-1150. Although not specifically required, 
planning and formulation of the project has been essentially in 
conformance with the Water Resources Council's Principles and 
Standards. 

2. Requirements of local cooperation. - The requirements of local 
cooperation, as recommended by the Chief of Engineers in his report 
dated 25 November 1970, are presented below. The project was 
authori zed substant i ally in accordance with that report; the report 
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has not been printed as a Congressional document. Prior to 
construction, assurances shall be furnished to the satisfaction of the 
Secretary of the Army that for: 

a. AI.lJl.rojects.,

Local interests will: 

(1) Provide guidance and leadership in preventing unwise 
future development of the flood plain by use of appropriate flood 
plain management techniques to reduce flood losses; and 

(2) At least annually, inform affected interests of the 
degree of protecti on provi ded by the project. 

b. Castle Dam and Reservoir. -

The Merced Irrigation District will: 

(1) Continue to divert up to 1,000 cubic feet per second of 
the floodflows of Fahrens Creek at the Merced Irrigation District main 
canal into Yosemite Lake; 

l.oca 1 interests wi 11: 

(1) Repay an appropriate part of the initial construction 
costs a 1"1 ocated to recreat i on and fi sh and wil dl ife, such repayment 
presently estimated at $1,695,000; 

(2) Finance, when needed, one-half of the cost of required 
facil ities for future recreati on, an amount presently estimated at 
$745,000; 

(3) Assume responsibility for maintenance and operation of 
recreation facilities; and 

(4) Settle all claims for water rights pertaining to 
establishment and use of a permanent pool for recreation purposes. 

C. Burns Reservoir -

Local interE~sts will: 

(1) Repay an appropriate pay't of the initial construction 
costs allocated to recreation and fish and wildlife, such repayment 
presently estimated at $2,265,000; 

(2) Finance, when needed, one-half of the cost of required 
facilities for future recreation, presently estimated at $590,000; 

(3) Assume res pons i bil ity for mai ntenance and operat i on of 
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recreation and fish and wildlife facilities; and 

(4) Settle all claims for water rights pertaining to 
estab 1 i shment and use of a permanent pool for recreat i on purposes. 

d. Mariposa Reservoi~ -

Local interests will: 

(1) Repay an appropri ate part of the i nit i ell construct i on 
cost it 11 ocated to recreat i on and fi sh and wi] dl i fe, such repayment 
presently estimated at $655,000; 

(2) Finance, when needed, at least one-half of the cost of 
requi red faci I it ies for future recreation, presently estimated at 
$550,000; 

(3) Assume responsibility for maintenance and operation of 
recreation and fish and wildlife facilities; and 

(4) Settle all claims for water rights pertain'ing to 
estab 1 i shment and use of a permanent pool for recreat ion put'poses. 

e. Supp 1 ementa 1 1 E','{.~~.~~d channe 1 impr~ovement~,-

Local interests will: 

(1) Furnish without cost to the United States all lands, 
easements, and rights-of-way necessary for construction; 

(2) Make all necessary relocations and alterations to 
existing improvements, including highway facilities, which may be 
required for construction of the project; 

(3) Hold and save the United States free from damages due to 
the construction works: 

(4) Maintain and 
channe I improvements as 
accordance with regulations 

operate after completion the levee and 
well as existing project channels in 
prescribed by the Secretary of the Army; 

(5) Prevent encroachment of any type that would impair flood 
conh'ol effectiveness of the project works;, and 

(6) Preserve, or restore and thereafter m,lintain, at the 
capacities prevailing in 1968 (ref. pg 19), the other flood channels 
of Merced County streams which are within proposed project 1 imits but 
are not to be improved by the proposed project. 

3. Existing, impt'ovements, - The existing flood control improvements 
in the Merced area are described below. A more detai'led description 
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can be obtained in the Merced County Streams Review Report, dated June 
1969 and in the Hydrology OM, dated March 1975. 

a. Federal. - The currently authorized project is a modification 
of the Merced County Stream Group, Cal iforni a, project authorized by 
the 1944 Flood Control P,ct (Public l.aw 713-534, 78th Congress, 2nd 
Session). The plan for the exist"ing project was presented in House 
Document No. 473, 78th Congress, 2nd Sessiol1, "Merced County Streams, 
California," published in 1944. Construction of the project was 
initiated in 1948, completed in Fiscal Year 1957 and the requirements 
of local cooperation are being complied with. The completed project 
inc 1 udes four fl ood detent ion reservoi rs generally eas t of the ci ty of 
Merced, as tabulated below. 

Name 
Burns 
Bear 
Owens 
Mal' i pas a 

EXISTING RESERVOIRS 

0!Eacity (acre-feet) 
7,000 
7,700 
3,600 

15,000 

The project also includes downstream channel restoration and 
en"j argement and two di vey's ion channe 1 s. Except for emergency flood 
control repair work, thel'e are no other significant Federal flood 
contro 1 works in the stream group. The Corps of Engi neers has been 
operating and maintaining the existing project reservoirs since their 
completion. Operation and maintenance of the existing project channel 
works has been the responsibility of local interests. 

b. State. - The State of California has constructed the Eastside 
Bypass, a unit of the San Joaquin Rivel' Flood Control Project. This 
bypass carries excess San Joaquin River flow from a point below Fresno 
to a point just upstream from the Merced River. As a part of this 
project the channels of Bear and Owens Creek were improved below the 
Eastside Canal. 

c. Local. - The l~eY'(:ed Irrigation District has constructed an 
extensive irrigation system within the project area. The major 
features of this system alce the Snell ing Diversion Dam located on the 
Merced River; Yosemite Lake, an offstY'eam storage and regulation 
reservoir; Main Can"l located between the diversion dam and Yosemite 
Lake; and Fairf"ield and LeGrand Canals which distribute water from 
Yosemite Lake. These facilities provide some flood protection to 
Castle Air Force Base and the agricultural lands north of Merced. 

4. Current studies have shown that enlargement of Mariposa and Owens 
Reservoirs, construction of Marquerite Reservoir, and modifications of 
channe 1 sin the Mar i posa and Deadman-Dutchman Stream groups are not 
economi ca 11y justified at thi 5 time. These features of the authorized 
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proj ect are therefore bei ng deferred for future cons i derat ion. These 
studies also show that enlargement of Bear and Burns Reservoirs, 
construction of the new reser'voirs, (Castle on Canal CY'eek cend 
Haystack Mountain Reservoir on Black Rascal Creek), and levee and 
channel improvements on Fahrens., [nack Rascal, and Elear Creek are 
economically justified. In addition local interests have strongly 
objected to recreation at the reservoirs but support bicycle and 
hiking trails along the downstream channels. Therefore, the project 
proposed in this design memorandum consists of only those economical 
and des i reab 1 e features for flood contro"1 and recreati on for the Bear 
Creek Stream Group. 

5 
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CHAPTER II - AUTHORIZED PROJECT 

5. !!!..g!llights of authori~ed_pla!2. - As previously stated, the 
authori zed project cons i sts of: (J.) three new detent i on dams, (2) 
enlargement and modification of the four existing detention dams, and 
(3) about 52 miles of levee and channel modifications. Streams within 
the study area can be divided into three main groups; (1) Bear -
consisting of Bear, Burns, Black Rascal, Fahrens, and Canal Creeks; 
(2) Mariposa - consisting of Mariposa, Ownes, and Miles Creeks; and 
(3) Deadman· .. Dutchman - cllnsi s t i ng of Deadman and Dutchman Creeks. The 
authorized plan contemplated providing about 100-year flood protection 
(J. percent chance of occurrence in anyone year) to most of the urban 
ClY'eaS in the City of Merced and nearly 50-year protection to 
surrounding agricultural lands. Tabulated below are data on costs and 
benefits as well as the physical features for the authorized project. 
Plate I shows the authorized project features. Additional detailed 
information is available in the feasibility report, "Review Report for 
Flood Control on Merced County Streams, California," Sacramento 
District, Corps of Engineers, June 1969. 

ECONOMIC JUSTIF ICATION 
AUTHORIZED RESERVOIRS AND CHANNELS 

(Discount Rate 4-5/8%, J.969 Price Level) 

Item/Stream Group·-·--Te;,y, Ma r if! 0 S a _-,---,D",e:;.:a:.:d::.:.m",a.:.:n-,-D::cu:;.:t:.::c",h",m,;:.a n,,--,:C-'T.c:0c::t-=ac-l _ 

First cost, ($1,000) 
Annual costs, ($1,000) 
Annual benefits,(SI,OOO) 

Benefit-cost Ratio 

18,560 
1,207 
2,504 

2.1 to 1 

6 

11,070 
670 

1,024 
1. 5 to 1 

6,310 
335 
665 

2.0 to 1 

35,940 
2,212 
4,193 1/ 

1. 9 to II 
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Item/Reservoir 

Use 1/ 
Ora i nage area-;-5q mi 
Gross storage cap., acre-ft 
Inacti ve capacity, acre-ft 
Max. flood space, acre-ft 
Gross pool area, acres 
Gross pool elev., feet 

Dams - earthfi 11 
iviaximum height, feet 
Total length, feet 
Crest elevation, feet 

Sp i 11 ways - concrete 
Gates 
Crest elevation, feet 
Crest length, feet 
Spillway design flow, cfs 
Spillway des. flow elev., ft 

Outlets - gated, concrete 
Number 
Capacity, cfs 

Cost - 4-5/8%, 1969 Prices 

Castle 

F,R 
27.3 

11 ,500 
1,500 
2,700 
1,100 
202.5 

44 
15,800 

214 

No 
202.5 

97 
10,400 

209 

1 

" 800 

First cost ($ x 1,000) 5,700 
Annual cost ($ x 1;:000) 358 

PERTINENT DATA 
AUTHORIZED STORAGE FACILITIES 

Bear Group 
HaYsfacK ~1tn:-:-Burns 

F 
18.3 

3,000 
300 

2,700 
260 

290.5 

59 
2,300 

313 

No 
290.5 

15 
20,000 

308 

1 
1,500 

2,520 
138 

F,R 
73.8 

30,000 
2,300 

14,000 
1,840 

319 

72 
17,000 

337 

No 
319 

40 
26,800 

332 

3 
2,000 

6,130 
364 

Bear 

F 
72.1 

14,400 
400 

14,000 
380 
434 

109 
2,700 
452.5 

No 
434 
141 

30,400 
448 

1 
800 

2,200 
'1 '1 r 
lLO 

Deaaman
Mariposa Group :Dutchman Group 

Owens : Mariposa ~larguerite 

F 
25.6 

4,800 
300 

4,500 
210 
414 

81 
13,000 

428 

No 
414 

95 
11 ,400 

423 

1 
110 

860 
44 

F, I,R 
108.0 

50,000 
3,000 

25,000 
1,260 

481 

130 
5,600 
499.5 

No 
481 
260 

43,400 
494 

1 
1,100 

6,630 
376 

F, I 
64.1 

13,000 
2,000 
7,000 
1,490 
296.6 

44 
20,700 
306.5 

No 
296.6 

425 
22,400 

301 

2 
1,100 

5,740 
300 

1/ F - Flood control, I - Irrigation, R - Recreation plus fish and wildlife enhancement. 



PERTINENT DATA 
AUTHORIZED CHANNELS 

(Discount Rate 4-5/8%, 1969 Price Level) 

-"Item/S'EreamGr-oup ----:-sear Creek --: 
Channel length, -(mi res)"" 20.~ 
Capacity, (cfs) 5,500 
First cost, ($ 1,000) 1,990 
Annual costs, ($ 1,000) 112 

Mar i pas a Creek 
24.1 

3,800 
3,580 

210 

DeadmarlCreei< 
1'.4 

1,300 
570 

35 
----------
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CHAPTER III - PROBLEMS AND NEEDS 

6. ~enera 1. - The Merced County Streams group area 1 i es in the San 
Joaquin Valley in Merced and Mariposa Counties, California. The 
stream groups lie easterly of and drain into the San Joaquin River 
(vi a the Easts i de Bypass) between the Choweh ill a River on the south 
and the Merced River on the north, generally as shown on Plate I. 
These streams dra in about 450 square mi 1 es of watershed area withi n 
the foothill s of the Si erra Nevada and about 330 square miles of 
valley area entirely within Merced County" The Merced County streams 
are n11turally intermittent; most of their channels are used in the 
valley to convey water from the Merced River for local irrigation. 
Because of the relatively low elevations of the drainage basins, 
floods originate almost entirely from rainfall without being 
significantly affected by snowmelt. Rainfall occurs mostly in the 
winter and early spring, with only scattered showers, generally 
occurring during the rest of the year. 

7. The city of Merced, the communities of Le Grand and Planada, 
Castle Air Force Base, and severa'i other small communities are the 
main urban- type development in the flood plain. However, the flood 
plain and adjacent areas are primarily agricultural with diverSified, 
irrigated crop farming predominating. The flood plain encompasses the 
large Merced Irrigation District, the smaller Le Grand - Athlone Water 
District, and El Nido Irrigation District. Industry and manufacturing 
are confi ned main ly to Merced County and are generally 1 imited to the 
process i n9 of agricu 1 tura 1 products" The area is adequately served by 
several transportation facilities including main lines of the 
Atcheson, Topeka, and Santa Fe, and Southern Pacific railroads, and 
Federa'l, State, and county hi ghways. The popul at ions of Merced County 
and the city of Merced have increased rapidly since 1930. Much of the 
development has been due to Castle Air Force Base and to expansion of 
i rri gat i on throughout the county. Popul at ions of Merced County and 
the city of Merced in 1978 were estimated at about 123,600 and 32,800, 
respectively. Population in Merced County 'is currently increasing at 
a rate of about 3 percent per year. A more intensive agricultural use 
is also developing in flood plain areas. 

8. Flood control. -

a,. Basis of authorized project. - Flood problems within the 
study area al'e caused by heavy rainstorms that can occur during the 
period from October through April. Rainstorms can either be general 
storms, producing widespread, heavy precipitation throughout the basin 
or local storms, producing extremely heavy" short-term precipitation 
over small areas within the basin. Although other water resource 
problems and needs have been identified in the study area, the flood 
problems are of primary importance and the reason local agencies 
requested a review of the existing flood control project. Floods or 
threats of floods occur almost every year. Plate II shows the extent 
of the flood problem under existing conditions. 
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b. The existing flood control project, consisting of four 
detent i on dams, two eli vers ion channe 1 s, and channe I works, does not 
pt'ovide an adequate degree of protection to the developing flood plain 
area. Also, long duration releases from detention reservoirs prolong 
to some degree the fl oodi ng in the lower' reaches. Due to a more 
intense type of agricultural development in the area in the last 20 
years, flooding that caused little damage to the undeveloped 
pasture I and in the past creates ser-j ous problems with the present 
development. There are no flood protection facilities for the 
Deadman-Dutchman Creeks flood plain, and none for flood plains 
downstream of project channels and upstream of the Eastside Bypass 
channels. Locally-constructed levees, ditch and canal banks, and 
'limited flood control operation of the Merced Irrigation District's 
irrigation system provide some degree of flood protection for' Canal 
Creek in the vicinity of Castle Air Force Base and for lower Fahrens 
Creek, but larger floods are essentially uncontrolled. Detailed 
treatment of the flood pl'oblem and othel' water resource problems and 
needs 'is presented in the review report of 1969 previously referenced. 

c. A public meeting to determine the desires and views of local 
interests pri or to formul at i ng the author i zed plan was held in March 
1961. At the meeting, local interests expressed a desire for flood 
protection along streams that were not included in the existing 
project and alon9 streams between the downstream limits of the project 
and the Eastside Bypass. Local interests also indicated the need for 
an increased degree of protection at some locations within the 
existing project area. A final public meeting to present the now 
authorized plan was held in October 1966; the plan was generally 
supported by 1 (lca 1 i ntel'ests. 

d. Current evaluation., Current flood problems remain 
essentially as desc0ibed abov~ with one exception; the flood plains of 
F ahrens Creek and its Black Rascal Creek tri butary have now become an 
area of intense urban growth in the city of Merced. Such development, 
including shopping centers, schools, and many private residences, was 
not foreseen at the time of the feasibi"lity report and is being 
located in the area without adequate flood protection (see photographs 
1 & 2). Local interests, comprising the Reclamation Board of the 
State of California, Merced County, the city of Merced, Merced 
Irrigation District, and others continue to support flood control 
wOI"ksi n the area, inc: 1 ud i ng F ahrens Creek and Black Rascal Creek. 
Detai"led evaluation of present and future flood damages is discussed 
in Chapter IV of this report and presented in more detail in 
Appendi x E. 

9. Recreation. 

a. Basis of ?uthorize~~ject. - Merced County lies in a 
semiarid section of California which has limited water-based 
recreation areas within 20 miles or less, and the existing water 
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ori ented recreati on needs have great"ly exceeded the presently 
available recreation facilities. Any type of water-oriented 
recreati on fae il i ty provi cled has been read i ly used after development, 
and there continues to be a demand for recreation facilities. It is 
not expected that other distant reservoirs would satisfy the needs of 
the project area. The need for water-oriented recreation facilities, 
including measures for fish and wildlife, was recognized and supported 
by local interests in development of the authorized plan. 

b. Current evaluation. - Water-oriented recreation needs in the 
area continue, and as the popUlation increases, the gap between needs 
and available facilities will increase in the absence of new 
facilities. However, at a public. meeting held in May 1976 local 
interests were generally strongly opposed to any recreation 
development at the authorized reservoirs and, further, requested 
public access not be provided to any lands which might be acquired for 
project reservoirs. There is continuing local support for recreation 
trails (hiking and biking) to be included with levee and channel works 
in and adjacent to the city of Merced. Detailed evaluation of present 
and future recreation and fish and wildlife problems and requirements 
is discussed in Chapter IV and in Appendix C, Recreation Resources. 

10. Irrigation water supply. -

a. Basis of authori.zed project. - A large part of the Merced 
County Streams flood plain is served with irrigation water from the 
Merced River through the systems of the Merced and El Nido Irrigation 
Districts. The Le Grand - Athlone Water and El Nielo Districts in the 
Deadman Creek area desire to develop, if possible, new irrigation 
water suppl ies locally or through the Water and Power Resource 
Service's East Side and Mid Valley Canals. The existing East Side 
Canal, a local irrigation project located about 10 mi les west of 
Merced, has no connection with the Bureau's project of the same name. 
Ground water levels are reced"jng rapidly clue to pumping as more land 
is utilized for irrigated crops. Merced Irri~ation District 
developments on Merced River currently meet the irnmedlate demands for 
irrigation water in Merced County, except in most of the El Nido and 
Le Grand - Athlone service areas. Agua Fria Reservoir on upper 
Mariposa Creek was also being considered for construction by the State 
of California and could have pl'ovided additional water supply in the 
ara. Local interests, including El Nido Irr'igation District and Le 
Grand - Athlone Water District supported works including irrigation as 
developed in the authorized plan. 

b. Current evaluation .. " The Water and Power Resource Service's 
Mid Valley Canal is--Currently in the advanced planning stages. 
However, the Mid Valley Canal wi 11 only supply about 70 percent of the 
current overdraft. The Service'S East Side Canal, which would have a 
much larger capacity, is being held in abeyance due to lack of State 
interest. The East Side Canal would divert water from the Folsom 
South Canal, but construction of this facility is not foreseen at this 
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time. The State has a'iso dropped cOl1sidel"ation for the Agua Fda 
Reservoir. Local interests, including U Nido Irr'igation District and 
Le Grand ". Ath lone Water Oi s tr ict, cant i nue to support development of 
irrigation water supply in the Corp's project. Detailed evaluation of 
pY'esent and future irri~Jation water supply is d'iscussed in Chapter V 
of this report. 

11. Other considerations. - Other than drainage problems caused by 
high watel;~'-tahle in-'-fI1elo~ler flood plain area, no other signif'icant 
water resource prob"lems or needs have been identified. The Merced 
County Streams, due to their limited seasonal runOff, provided no 
potential for navigation or hydoelectric power generation. There are 
no e)(isting or anticipated municipal wo,ter supply problems, and water 
po 11 ut i on and eros i on are not presentiy a prob 1 em wi thi n the bas i n. 
~Jatershed protection and managemen t measures in the fl Dod p 1 ai n are 
being actively pursued by local interests. 

CHAPTER IV - INVESTIGATIONS 

12. Hydrcdogy. Subsequent to project authori zat ion, detailed 
hydro-lo"gie studi es were made of streams in the ~1erced County Stream 
Group. Information developed in these studies is contained in Design 
~1emorandum No.1, "Hydrology," Sacramento District, Corps of 
Engi neers, dated March 1975. The Y'eport wa.s approved by the Offi ce, 
Chief of Engineers on 11 September 1975. 

13. The hydrology design memorandum pY'esents hydrologic data and 
criter'ia pertinent to the Merced County Streams. It contains a 
description of the hydrolog'ic chaY'acteristics of the watershed area, 
discusses flood characteristics, and describes the development of the 
standard project floods and pr'obable maximum floods. It also presents 
an analysis of streamflow frequencies, channel capacities, water 
supply, reservoir sedimentation, water quality, and freeboard 
requirements. Typical flood events to be expected, under current 
conditions, and channel capacities are compared in the following 
tabulation, Floodflows designated 50-year and lOO-year are defined as 
flows having a 2 percent anel 1 percent chance of being equaled or 
exceeded in any gi ven year respect i ve ly. The standard project flood 
(SPF) is a hypothetical event which might be expected from the most 
severe combination of meteorolo9ical and hydrological conditions 
cons'i dered reasonably characteri sti c of the geographi ca I area 
'involved, excluding extremely rare combinations. 
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Channel Capacities and Floodf1ows 

Stream Reach 
: PeilFrroillfs) at Index Pt. :Channe 1 

50-year: 100-year : SPF :Cap. (cfs) 

Cana 1 Creek 

Canal Creek 
F ahrens C'r~eek 

F ahrens Creek 
B1 ack Rasca 1 Cr. 
Black Rascal Div .. 
Black Rascal Cr. 

Bear Creek 
Bear Creek 
Bear Creek 
Burns Creek 
Mil es Creek 
Owens Creek 
Owens Creek 
Owens Div 
t~ariposa Cr 
Deadman Creek 

Dutchman Creek 

Black Rascal SI. to Livingston 
Cana 1 
Livingston Canal to Castle damsite 
Black Rascal Creek to ~4ain Canal 
Bear Creek to Black Rascal Creek 
Fahrens Creek to Black Rascal Div. 

Black Rascal Div to Haystack Mtn 
dams ite 
Fahrens Creek to Black Rascal Div. 
Black Rascal Div to Burns Creek 
Burns Creek to Bear Reservoir 
Bear Creek to Burns Reservoir 
Owens Creek to Merced County Line 
Miles Creek to Owens Diversion 
Owens Di version to Owens Reservoir 

Owens Div to 14ariposa Reservoir 
Dutchman Creek to Marguerite 
dams ite 
Deadman Creek to Marguerite damsite 

2,800 

5,400 

4,500 
10,200 
10,300 

4,200 
2,100 
2,600 

11 ,200 

3,000 
4,400 

3,500 

6,600 

5,400 
14,000 
14,500 

5,300 
3,300 
3,700 

16,000 

3,600 
5,600 

4,500 

.8,900 

7,200 
21,200 
21,700 

7,800 
5,700 
6,100 

23,000 

4,400 
7,600 

400 
800 
500 
600 
100 

3,000 

3,000 
7,000 
6,500 
5,000 
2,000 
1,000 

100 
500 
400 

2,000 

500 
600 

rrr- The Livingston Canal diverts up to 6DO cfs tram Canal Creek, increaslng the ettective 
capacity of this reach to 1,000 cfs. 

(2 Limited by culverts at road crossings. 
i< 
,~ Existing project design flow; higher flows have been carried historically. 

(1 ) 

(2 ) 
(3) 

(2 ) 

(3 ) 
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14. Flood producing storms in the Merced County Strams basin occur as 
rain during October through April. Flooding results from two distinct 
types of storms: genera 1 storms that produce wi despread 
precipitation; and local storms that produce heavy, short-term 
preCipitation over small areas. Very little snowmelt runoff occurs in 
the basin. 

15. Sedimentation.-

The proposed reservoirs are flood detention structures with no 
perm anent poa 1 s. Detent i on per i ods are s hart and "low flows wou 1 d pass 
direct ly through the reservoirs. The exi sti rig Merced County Streams 
Group reservoirs have had very little sediment deposition and this has 
not created any operational prob"lems. Studies made as part of the 
Hydro logy Des i gn Memorandum dated March 1975 i nd i cate that the 
lOa-year sedimentation would amount to about 4-1/2 perent of the gross 
capac ity of the proposed reservo; rs. Th i s sma 11 amount of sed iment 
deposition would not affect the operation or effectiveness of the 
proposed reservo i rs. 

16 .. Nature of flooding. - r~ajor f"loods orig"inate in the foothills and 
are carifa] ned in tnenarrow va 11 eys, but as they emerge onto the San 
Joaqu"in Valley floor, the channel capacities are generally 
insufficient to contain flows larger than the H)-year flood. (See 
photographs 2a and 2b.) As the streams continue on the valley floor 
downstream to the San Joaquin River, their capacities diminish until 
they are only able to carry very low flows upon reaching the vicinity 
of Crane Road and Hi ghway 59. Consequent "Iy, the fl oodwaters overfl ow 
the stream banks, spread out over the flatlands, iind coming]e. 
Downstream overland floodflows stop at the East Side Canal, which 
crosses the flood plain, forming a large pond in excess of 4,000 
acres. Construction of the San Joaquin River levees and the Eastside 
Bypass, wh "ieh diverts floodwaters from the Merced area to the San 
Joaqu i n River, inc luded en "iargement of the downstream 1 evee of the 
East Side Canal. It was built by the State to receive up to 7,000 cfs 
fr'om Bear Creek, 2,000 efs from Owens Creek, and 5,000 cfs from the 
combined Deadman-Dutchman Creeks. Because of the limited capacities 
of the bypass entrances at Owens and Bear Creeks and the drainage 
structure at Mariposa Creek, the floodwaters do not completely drain 
into the Bypass and fl oDd stages as hi gh as 10 feet occur. With these 
stages, f"ioodflows continue north past Bear Creek to the San Joaquin 
River further downstream. Photograph 3 ShOW5 typical flooding along 
the Eastside Bypass. 
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17. Additional ~ydrologic_studle~. - Hydrologic studies were made for 
the Bl ack Rascal, F ahrens, ana Cottonwood Creek areas to defi ne project 
condition channel design flows since no analysis had been done on these 
streams during the survey report phase. These studies consisted of it 
smaller drainage area del ineation to adequately define flows. The 
studies were made using the basic procedures and criteria established 
in the Hydrology D~1. 

18. A mathematical model of the basin was developed using the HEeSC 
computer program. Thi s model was used to analyze project effects. 
Floods of various frequencies, determined usin9 percentages of the SPF, 
as discussed in the Hydrology DM, were routed us·jng tl1i s model to 
develop project condition flow-frequency curves. Project condition 
routings lIsed in th'is model are discussed in the following paragraph, 
Frequency curves are presented in Append'ix E. Hydrograpi1s si1owin[1 
project effects are presented on Plates, V, VI, VII, VIII, and IX. 

19. Channel and over'bank flow _ routings_.c~?proj~ct). - Preproject 
routings are described in the Hydrology DM.. As indicated in the OM, 
reservoir routings were used at all major' stream obstructions. These 
consist of the four exist'ing I'eservoirs, all the stream o'oss'ings of 
the ATSFRR, Highway 99 - Southern Pacific Rai lroad, and the East Side 
Canal and Eastside Bypass. Routings between these points were 
aecompl ished using Tatum's procedures except along Bear Creel< as noted 
be low. Sub stant i al overbank f"lows occur along mas t of the streamswhen 
channel capacities are exceeded. Bear Creek overbank flows along the 
south bank follow a separate path to the ponding area at the East Side 
Canal. These overbank f lows were routed using the Modified--Puls 
techn·ique. Some volume loss was assumed in this reach clue to ponding 
behind major canal embankments. In all the other' routing reaches 
(where Tatum's procedures were followed) it was assumed that all 
depr'ession storage was f"i11ed fran antecedent Y'ain and runoff prior to 
the onset of the main flood wave. In addition, it was assumed that 
preCipitation on the valley agricu"ltural areas during the llIain flood 
wave was 'Iost to seepage and pond'ing and did not contribute to peak 
streamflows. Velocities for use in determining Tatum steps (see plates 
X and XI) were obtained from a plot of flow velocity versus stream 
slope prepared fran past miscellaneous stream flow measurements 
throu9hout the area. Outflow ratings at the various bridge openings 
were prepared fran bridge data furn'ished by the rai lroad companies. and 
the State of Ca"lifornia. Divisiol1 of flow assumptions for each of the 
stream crossings on the Main Canal, for L ivil1qston Canal below Castle 
Air Force Base, and for Yosemite Lake diversions to Fairfield Canal and 
LeGrand Canal were prepared frail data fUII'nished by the Merced 
Irrigation O·istrict. No encroaci1mentinto the design freeboard was 
allowed in determining diversion c.apacit·ies for the existing project 
diversion channel on B1 ack Rascal Creek. The routing methods were 
verified by historical flood reconstitutions at the stream gages on 
Bear Creek at McKee Road and in the 81 ack Rascal Creek Divers'ion (refer 
to Hydrology DM). There are no gages further dOwllstl'eam that could be 
used to verify the routing techniques. 
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20'~~:ill1nel and overbank flow rOLltin~, (Projectt. - Project routings 
were made, us'ing the same techniques as used for preproject conciitions 
except til all owances were made for the enl arged reservoirs on Bear 
and BUY'rls Creeks and the new reservoirs on Black Rascal and Canal 
Creek. In add'it'ion., it was assumed that an Canal Creek and Eclendale 
Creek flows above tile Merced Irrigation District's main canal would not 
be diverted by the main canal but would be allowed to flow across the 
canal into Castle Reservoir on Canal Creek. The reservoir routing on 
Fah!'ens Creek at the ATSFRR was e'l iminated for project conditions 
because the channel upstream on Fahrens Creek wi 11 be improved, thus 
eliminating the ponding area at this point. 

21. Sensitivity analysis. In order to test the validity of the 
routing assumptions, especially in reaches where substantial overbank 
flows occur, a sensitivity analysis was made to illustrate the effects 
of changE!S in routing coefficients on resultant peak flows. The two 
reaches selected for this sensitivity analysis are reaches where 
over'bank fl ows occur but were not routed separately from main stream 
flows. The results of this analysiS are shown on Plate X and XI. As 
indicated, a wide variation in routing coefficients, some of which are 
unreal istic, does not change resultant peak flows significantly. 

22. Flood Plains. - The mapping. to determine the extent and depth of 
flooding; was based on a 5-foot contour map. Experience in similar 
areas in the San ,Joaquin Va'lley indicate that the use of 1- and 2-foot 
contours does not significantly alter the delineation of the flooded 
area or the depth of flooding. 

23. Socio,:economic assessment. - An analysis of pub] ic health, safety, 
and well-being, including the possibility of loss of life, was 
conducted. Genentl publ Ie exposure to possible plans 1'10..5 carried out 
by coordination with interested Federal and non-Federal agencies, 
groups, and individuals by means of publ ic meeti ng5, field trips, 
meet i ngs with small gl'OUpS, cOrl'espondence, and other pub Ii c 
involvement procedures.. Envirornnental effects were assessed for 
"without project" conditions and "with project" conditions. These 
studies aided in avoiding detrimental environmental effects where 
possible or compensating for aeiversE! effects. The socio-economic 
assessment provided help in usin9 a systematic interdisciplinary 
approach to selection of a plan, based on an integrated use of natural 
and soc'ial sciences and environmental design arts. Appendix D, 
"Socio-Economics," contains in detai'! the information developed from 
these studies. 

24. FloDC!. damages , .. !HlaJJisi ~. - Studies were conducted to determine the 
frequency of fl oodi ng and area inundated, to evaluate the protect ion 
afforded by existing storage and levee projects, and to formulate 
andevaluate alternative measures to provide a h'igher degree of flood 
[lY'otectiol1 for the ~<1erced County Stream group. Included in the 
ana lY5 is was the assumption that all new and replacement structures 
would be flood proofed to the IOO,·year flood level, wh'ich is according 
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to present FIA guidelines._ A designated 100-year floodway was not 
delineated due to the relatively flat terrain which produces extensive 
sheet flow type flooding. Flood frequency data were developed for 
with- and without-project conditions. Studies confirmed the need to 
provide a higher degree of flood pr'otect-ion than that provided by the 
eXisting project. Flood control alternat-ives are described in Chapter 
VI. Design Memorandum No.1, "Hydrology," which is an approved 
analysis of the changed hydrological conditions, contains a description 
of flood frequency and reservoir re£lulation studies performed. Average 
annual flood damages expected to occur wHhout the project are 
estimated at about $6,750,000, The city of Merced has had a long 
history of flooding. Newspaper articles, accounts from local 
res i dents, and recent offi ci al records indicate that floodinu occurred 
in 1935, 1936, 1937, 1938, 1950, 1955, 1958, 1969, and 1973. 

25. The largest floods of recent record occurred December 1955, 
February 1958, and January-February 1969. Flood damages by major 
classification have been updated to 1979 price levels and are shown in 
the following tabulation: 

H ISTOR Ie FLOOD DAMAGES 
(1979 Prices) 

~D~am~a~g~e~Cl~a~s~s~i_f~1~'c~a~t~i~on~_~ __ ~1955 

Res identi al $224,000 
Commercial 52,000 
Indusri al 73,000 
Publ ie Fac il it i es 527,000 
Agricultural _604,000 

8 Total Damage 

Total Acres Flooded 

$1,480,000 

15,300 

$ 

1958 

0 
143,000 

4,000 
9,000 

841,OOQ 

$997,000 

19,800 

1.969---
-------

$ 1,000 
0 

3,000 
134,000 

h?!?,OOO 

$1,855,000 

24,030 

--------------.-------.---------------------

The flood damages tabulated above represent damages resulting from 
floods havi I1g a frequency of occurrence of 8 to 45 year sin the Merced 
area based on hydl-ology under currEmt conditions. The flooded areas 
were in the urban fringe and rural reaches in the lower end of the 
study area near the East Side Canal. Due to the lack of detalled 
information on the specHic type and locatiion of damages, the historic 
flood damage can only be used to establ ish estimates for agrkultural 
clean·-up costs and alS a guide iin determining crop damage and Y'ural 
publ ic facility damage. Because the flooding characteristics are 
similar for all frequencies of flooding, the data can also be used as 
a damage base for rural agricultural and public facil ity damages for 
less frequent floods (e.g., the 100-year event)" 

22 



26. r~easlJrement and projection of physical flood damages are based on 
relationships between present ancl future land use characteristics 
3.ndvul nerc,bil i ty to damages. Essent i a l1y, three steps are used ill 
measuring damages for future years; (1) estimating the number and size 
of the physical units; (2) estimating the existing and future values 
of units; (3) and determining the damage susceptibil ity of those 
units. The number and size of existing physical units in the flood 
p-Iain were determined f1'OO field surveys and analyzing available data 
such as aer; al photographs, zoni ng maps, assessor ro 11 s, and 1 and use 
maps. Proj ect ions of futur e growth "Jere based on city and county 
general plans, zoning maps, and ordinances. These data were modified, 
where necessary, by local and regional projections for population, 
employment, income, and agricultural productivity. For each flood 
hazard zone (25, 50, IOO-year, and SPF events), 1 and was separated 
into five specific categor'ies: r'esidential, commercial, industrial, 
publ ic and semi-publ ic fac·ilities, and agriculture. Then, further 
distinctions were made for each category in order to accommodate the 
difference in flood damage susceptibility. Agricultural lands were 
ana lyzed on the bas is of itemized damage sustai ned rather tha.n in 
terms of damages as a percent of total value. The final step in the 
measurement and projection of physical nooel losses involved the 
determination of the damage suscept-ibility of units in the flood 
plain. Flood damages were computed by determining the relationship 
between vu·lnerabi 1 ity of land uses to damages based on depths, flows, 
and frequenci es of flllod·i ng. O,epth·,damage rel aU onshi ps describe 
probable damages that would occur under different depths of flooding 
and are expressed either as a percentage of that total value of 
damageabh! property or as the amoLint of probable loss which could be 
expected. The clepth-clamage re·lationships were developed on a 
reach-by .. ·reach basis.. See Appendix E para. 11 a(3) for a detailed 
d·iscussion of depth--ciamage relationships. Other factors considered in 
the flood damage ilnalys'is were velocity, duration, and debris content 
of floociwaters. The damage computations were based on the assumption 
that new and replaCellent units in the IOO-year flood plain are flood 
proofed. Agricultura·1 damage occurring from floods of different 
frequencies is directly proportional to the acreage and crop types 
included in the flood pla·ins. Details concerning determination and 
computation of flood damages c1re conta-ined in Appendix E, "Flood 
Contra 1 Benefits". Damages by stream groups, rounded to the nearest 
t,en thousand, are summal'ized in the following tabulation: 
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Dama.ges ($1,000) 

Bear Creek 4,400 5,670 
MaY'i posa CY'eek 480 620 
Deadman-Dutchman Creek 380 460 --,-- ,--, 

Total 5,260 6,750 

27. Irrigation water suI::pJ.,z. - Irrigation needs in the Merced County 
Sty'eam group area were eval uated. These stud; es, conducted 1n 
coordination wHh the viater and Power Resource Service, concluded that 
there is an estimated current need for an additiona'i 37,000 acre-feet 
of water per year. This deficiency is ultimately estimated to reach 
53,000 acre-feet annua lly. As the mountai nous valleys of Mar'ipos a, 
County are developed, there w'i 11 be increasing demands for irrigation 
and domestic water for smalll, suburban-type tracts, especia:lly in the 
vicinity of Mariposa. However, these current studies further revealed 
that development of i rri gat i on water suppl i es by storage in the 
authorized reservo'irs is not economically justified at this time; 
consequently, consideration of additional 'irrigation watel' supply has 
been deferred for future evaluat'ion. 

28. Water qua'l ity. - Water qua'l ity studies were made to determinE! the 
existing water qu~lity and related conditions in the project area and 
its surroundings. These studies included a literature search, a 
fiel d- laboratory sampl i ng program fOI' a 2-year period, and 
mathematical modeling of alternatives to determine the effects on 
downstream water quality. ThE! field and laboratory testing were 
carried out under contract with the California Department of Water 
Resources and were conducted by the San Joaqui n D i stri ct of the 
Depat'tment. Water quality reqUirEments of ,lrea agriculture, stock, 
fish and wildlife, and recreation were determined. Areas of existing 
quanty or drainage probl61ls were noted, as were areas of ecological 
sign ifi canee. A water quality mon i tori n9 program Wi.lS developed to a'j d 
in assuring that State and Federal criter'i a are met during 
construction and operation of the pt'oject. 

29. These streams are intermittent, wHh flows normally occurring 
from December throu~lh April. As the streams traverse the vaney floor 
their qualities can be expected to vary conSiderably, ref"lecting the 
drainage conditions of an e)(tens'ive irrigated agricultural area. Some 
of the more important parameters from the foothi 11 data are sholNt1 
below, and generally applies to all the streams except for Canal creek. 



£~ r' ame t er _J3il~95'_ Parameter Range 

Water temp. OF 52-76 Tot P, mg/L 0.02-0.22 
pH (fi(-,ld) 7.4-8.5 lDS, mg/L 90-230 
C03, mg/L 0 T55, mg/L 5-40 
NC03,. mg/L 5()-230 VSS, mg/L 0-16 
Na, mg/L 5-30 BOD(5), mg/L 1.0-4.4 
S, mg/L 0-0.2 Lil. (CaC03), 

mg/L 50-180 
Org. N, mg/L 0.1-1.4 SAR 0.2-1.2 
NH3-iII, mg/L 00.14 C 1 as s. Cl, Sl to 

C2, Sl 
11103-111, mg/L 0-0.79 EC, unhos/cm 100-440 

at 250C 

30. The waters range from soft to hard, dependi ng upon how much 
runoff is occurring, and can be classed as calcium bicarbonate waters. 

31. The streams are all suitable for irrigation of crop types 
c:uY'rently grown -in the area. The salinity hazard (as represented by 
Ee) ranqes from 101-1 to medium, and the sodium hazard (as represented 
by SAR) is low. The -low salinity indicates the applied water will be 
easily available for uptake by the plant roots (low osmotic pressure), 
and the low sodium 'indicates the clays win not disperse to close the 
interstices and cause drainage py'oblerns. Boron concentrations 
encountered wi 11 not be injuY'ious to the crops. 

32. Canal Creek has higher organic load (BOD, VSS) than the values in 
the tabulation above, indicatin9 a pollutional input of 
oxygen-·demanding matedal. This pollutional load does not affect 
current uses of the waters, because thay are shallow and not 
impounded . Al so the sa 1t concentrat ions and water temperatures in 
Canal Creek are less than those shown above, indicating the dilutional 
effects of the MID Canal water from the Merced River. 

33. The h-igher range nutrient data above was normal'ly found in 
Deadman and Dutchmen Cr(~eks, i ndi cati ng more algae growth wi 11 occur 
there. A·lga.e growth potential (AGP) studies conducted by OWR in March 
and Apr"il of 1974 support this. The waters of Deadman and Dutchmen 
Creeks groV>! three to four times as much algae as the other streams 
tested. The AGP studies also show that nitrogen is currently limiting 
to algae growth, but phosphorus is in excess, therefore "it is not 
limiting to growth. These results show that additional nitrogen must 
be kept out of the streams if algal growth is to be curtailed. Algae 
identincat"ion and qualitative enumeration were done on samples 
collected foy' the AGP study and shows thilt d'iatoms dominate the crop. 

34. During 1974, Mariposa and Burns Creeks were sampled for the heavy 
mlotals copper, lE,ad, mercury, and zinc. During 1975, Mariposa, Burns 
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and Canal Creeks were sampled for cadm'ium, lead, men::ury, and 
chromi um. A 11 the heavy metal concentrat ions were low. The watershed 
of Dutchman Creek has a cooper mine which hints that low pH water and 
copper contami nat i on may be expected on oecas ion. There is no 
evidence that this has occurred in the past to calise problems in the 
Merced National Wildlife Refuge. 

35. The discharge of municipal effluent from I~ariposa's treatment 
faeil ities is not now noticed in the data collected from Mariposa 
Creek. It is assumed that the National Pollutant Disposal Elimination 
System (NPDES) requirements imposed will prevent undesirable input 
qual ities to Mariposa Reservoir, although some nutrient input miry 
occur (a post-construction mon'itoring program win monitor this). 

36. The Merced County Streams have been channel ized in the most 
downsteam portion of the basin by the Eastside Bypass. 

37. Bear Creek runs through the urban ar'ea of Merced, and can be 
expected to carry the multitude of po'llutants typical of an urban area 
(organics, fertilizers, heavy metals, pesticides) to the Sa," ,Joaquin 
River. 

38. There wi 11 be no me asur ab 1 e changes to the water qu a 1 Hy of the 
streams since all reservo·irs are detention type which impound water 
for only a short period of time. 

39. Marshland assessment. - Marshland areas currently exist in the 
downstream reaches of the project. Studi es were conducted in 
cooperation with the Fish and Wi ld'i ife Service to assess the value of 
these areas and determine impacts to the marshlands (photograph 4) 
which would be caused by construction of the project. The assessment 
included identification of vegetation and w·ildlHe endemic to the 
area. The study was used to detemine wi ldl ife mitigation features 
required for the project. These features are described in 
paragraph 95, Fish and Wild"l'ife Provisions. 

40. General recreation. The needs for outdoor recreation 
development in the study area were evaluated edrly in Phase I Ildvanced 
Engineering and Design (AE&D) studies. Recreation measures were 
formulated for alternative reservoil' plans and the downstream channel 
improvements. Studi es of the potent i al mar'ket area and expected 
attendance were accomplished, and then, at. the request of local 
i nteres ts, the potent i a 1 for I'ecreati on deve'lopment was confi ned to 
the dOlllns tream reaches of streams in conj unct i on with channe I 
improvements. The results of the recreation studies and recreation 
lanel requirements are presented in Appendix C, "Recreation Resour'ces." 
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41. Fish and wi 1(11 ife. "" There has been extensive coordination w'ith 
the Fish and Wildlife Service (USFWS) and the California Department of 
Fish and Game to identify project impacts and mitigation needs. 
Studies by USFWS identified land requirements for mitigaUng adverse 
impacts causE~d by the project. I~it igat ion measures are described in 
paragraph 95. A list of endangered species for the project area has 
been acquired fr'CIlJ the U.S, Fish and Wncflife Endangc:Y'ed Species 
office. A biological assessment of project impacts on the endangered 
species in the area is presently being conducted. 

42. Cultural resources. - A cultural resources reconnaissance survey 
was conducted by professional archeologists under contract to th,", 
Corps in June 1976. Bear, Burns, Owens and Mariposa Reservoirs were 
the only areas where archeo-Iogical or historical sites ¥Iere found -in 
the authori zed project sites by the reconna i 55 ance team dlJri ng Hri s 
first investigation. At Bear Reservoir 13 archeological and 3 
historical sites were located within the reservoir and downstream 
areas. The historical sites are probably related to mining c.'lI11PS of 
the mid-1800's. At BuY'ns Reservoir, s"ix archeological 5i wer'e 
py'eviously identit-ied in 1951 but not found during the recent survey, 
leading the archeologist to conclude that the sites may have been 
destroyed. However, Corps archeologists have identified 2 additional 
archeological sites within the Burns Reservoir area, for a total of 15 
archeological and 3 historical sites in the Sear Crp,ek gr'ollp. At 
Owens Reservoir, 6 archeological and 1 historic site were found within 
the reservoir. P,t Mariposa Reservoir, 9 archeo-Iogical and 7 historic 
sites were found" However, because of deferral from curr'ent plans, 
these latter two reservoirs win not be affected. Fahrens, Black 
Rascal and Canal Creeks were surveyed in March 19"78. No hi sto1'-ic 01' 

prehistoric sites were located during the field-work phase of the 
archeological investigtion, but during the pre .. f-ield research phase, 
it was discovered that two prehistoric sites exist Dr' existed alorl9 
Fahrens Creek. Copi es of the correspondence with Fl~del'-a-I ilnd State 
Agencies are included in Appendix A, Pertinent Correspondence. Those 
agencies with which the Corps coord'inates to deal with the cu'ltural 
resources concerns are I isted in paragraphs 139 and 141 of this Y'eporL 

43. During Phase II, an intensive cultural reSOUl'ce survey l<Ii 1'1 be 
accompl ished. Based on the findings and recommendat-ior1s contained in 
this report, proposals for mitigation and [J1'esel'vatioll cuHural 
resources will be-identified. By Congrlessional authority, cultm'al 
resources mitigation is limited to a maximum of 1 percent of Federal 
project costs" Additional information Ciln be found in Appendix F, 
"Basis of Design and Cost Estimates." 

44. Future studies. - Future studies and reports to be accomplished 
during Phase II deslgn work are shown at the front of th-is C;D~L 
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CHAPTER V - REANALYSIS OF AUTHORIZED PLAN 

45. §.E'_nera1. - The author-ized plan, as described in Chapter II, was 
reanalyzed based on current predicted economic and hydrologic 
conditions to determine if the plan now meets the established economic 
and other cri ted a presented in Chapters VI and VI I. As noted 
previously, the authorized plan as originally envisioned would provide 
about lOa-year flood protection to most of the urban areas in Merced 
and nearly 50-year protection to surrounding agricultural lands. 
Based orr changed hydrologic conditions reported in the Hydrology 
Design Memorandum, the authorized plan would now provide 80-year 
protect'ion to the urban areas. The plan would also provide storage 
for irrigation water at Mariposa and Marguerite Reservoirs. 
Reana-Iysis of the authorized plan included evaluating damages and 
benefits based on implementation of the Flood Disaster Protection Act 
of 1973 (Public law 93--234, 87, Stat 975j and projecting future 
damageab 1 e pr'operty cons i deri ng aff! uence f actors to be related on ly 
to contents of residential structures. Recreation was reevaluated in 
accordance with guidance contained in Principles and Standards and in 
view of conditions currently exist-jng. Irrigation accomplishments and 
benef its were a 1 so reexami ned by the Bureau of Re,c I amat i on, and the 
results of its investigation are included in the following 
para,graphs. The potential of the streams within the project area for 
production of hydroelectric power v/as reviewed and the findings 
indicate that due to their limited seasonal runoff, they provide no 
hydroe 1 ectri c potenti a 1. Further ana lys i s was made by stream group to 
deterIll] ne if these funct i ona lly independent un its were economi ca lly 
feasible. 

46. ~Il?lzs-is. - First and annual costs and annual benefits for each 
purpose of the authorized plan are displayed by stream group in the 
following tabulation. Costs and benefHs were computed at 1 October 
1977 price level and a 6-5/B percent interest rate. 

------- :Annual benefits{$l,OOO) 
:First Cost:Annual Cost:Flood :lrri- :Recre-: 

:~treaf!l.._§!:Q~ __ :.J$l,OOO)_ ($1,000) :control: ga.tion: ation :Total 

Bear' Creek 35,240 2,731 3,290 994 4,284 
Mariposa Creek 20,010 1,524 337 345 126 BOB 
Deadman-Dutchman 

Creeks 955 321 233 554 J3,35Q ---- ----- -- ----
Total 68,600 5,210 3,948 578 1,120 5,646 

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

Since the Bear Creek Group was clearly 
deta-i led reassessment was conducted and 
However, "it can be seen from the above 
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works on Mariposa and Deadman-Dutchman Creeks are not economically 
justified, considl,rin~J current prices and economic conditions. To 
insure that other possible solut'ions to solving the water resources 
prob 1 ern s on these two stream groups were not over looked, several 
alternatives were evaluated and are described in the following 
paragraphs. 

47. Flood control. - The following alternatives were examined on a 
single purpose flood control basis. 

a. Reservoi rs onlY... - An a lternat'i ve fl ood control plan that was 
evaluated among an array of alternatives was one comprising reservoirs 
only and included a 213,750 acre-feet gated Mariposa Reservoir 'in the 
Mar'iposa Stream group and a 6,300 acre-feet ungated Mar'guerite 
Reservoir in the Deadman-Dutchman Stream group. These sizes repr'esent 
a 50-year storage 1 eve 1 at the reservoi r sites. The fa 11 owi ng 
tabulat.ion summarizes the economics for this plan: 

Reservoirs Only Alternative 

:First Cost: Annua! Cost /\nnua'! Benefits($l;OOOj'-:---'-
Stream G_ro""u-,,-p__ ($1 ,000) : ___ 1.11,00.",-,0 )'---'-. __ ...c.F...c.Jc"",lod Contra 1 ___ :_B/L __ 

Mar'iposa Creek 
Deadman-flute hman 

Creeks 

6,384 

8,058 

45!i 

575 

133 

205 

0.3 

0.4 

--_.----,-----,----- --. 

The level of protection provided in the Mariposa group was about 10 
years for the rural area above Highway 99 and about 1 year for the 
rural area below the highway. For the Deadman-Dutchman group, the 
level of protection for the rura'! area was about 1 year throughout. 
The levels of protection do not increase relative to current 
conditions because the channel capacities below the reservoirs, which 
were not enlarged in this plan, are inadequate to accommodate either 
the local runoff below the reservoir's or flood control releases. 
Although the frequency of flooding is the same with this plan, the 
reservo i rs do decrease the peak f1 oodf'! ows and depth of fl oodi rig. As 
an example, in the Mariposa group, for a 20-year flood the peak 
floodflows are reduced by about 50 percent wh'ile for a 50··year flood 
the peak flows are reduced by about 70 percent. In the 
Deadman-Dutchman group, the corresponding peak fl ows are reduced by 
about 80 and 85 percent, respectively. The reduced peak flows result 
in decreased flood depths and, hence, an appreciable reduction in 
damages. However, the benefits are not sufficient to equal thE! 
costs. Because of inadequacy of the downstream channel capacity below 
the reservoirs, changing the storage levels will not make a reservoirs 
only alternative economically feasible. 
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b. Channe'ls Orlll. ~ Mod'ificatiofl to the downstream channels of 
Mari posa -'aiid De admarl-Outc hman Stream groups, without new or en 1 arged 
upstream reservoirs, was investigated. t~ost of the area traversed by 
these sty'eams is agY'icultura-l, with no urban growth predicted in the 
foreseeable future. Three degrees of flood protect'ion were evaluated 
to determine which would be the best solution to alleviate the 
dovmstream f1 Dod pr'ob lem. The improvements consi dered i ncl uded about 
15 miles of channel on Mar-iposa Creek and 9 miles of channels on 
Deadman-Dutchman Creek s. A sUITI'I1ary of the economi c a.na lys is is shown 
in the following tabulations: 

Mariposa Creek 

Degr'ee of protection 5-year 
Design flow (efs) 2,500 
Annual benefits ($1,000) 121 
Annual costs ($1,000) 216 
Excess benefits ($1,000) -95 
8enefit,-cost rati 0 0.6 
----------------,---"-

lO-year 
3,100 

139 
248 

-109 
0.6 

Deadman-Dutchman Creeks 

Degr:ee of protect ion 
Design flow (cfs) 
Annual benefits ($1,000) 
Annual costs (SI,OOO) 
Excess benefits ($1,000) 
Benefit-cost ratio 

5-year 
2,000 

107 
293 

-186 
0.4 

10-year 
3,000 

122 
388 

-256 
0.3 

25-year 
8,100 

234 
373 

-139 
0.6 

25-year 
4,900 

151 
519 

-368 
0.3 

It should be noted t.hat the benefits shown for the 25 year degree of 
protection approach the maximum that could be possibly reali:led. Any 
alternative 'involving a higher degree of protection would resfult in 
increased costs, lower excess benefits, and a lower' benefit cost 
l"atio.. It is apparent that cilanne-I improvement for flood protection 
on these two stream groups is also not economically justified at this 
time. 

c. l\§!:servoirs and channels. - The following alternative was 
found to be the best plan among an array of alternatives providing 
various levels of protection that has both reservoir storage to reduce 
the peak fl oodfl ows and enlarged channe 1 s below the reservoirs to 
contain local runoff and flood control releases. The Mariposa Stream 
group would Include a 28,750 acre-foot gated Mariposa Reservoir with a 
5,600 c:f schanne 1 en-I argeme nt wll i 1 e the De ildman~Dutc I1man Stream group 
"f()uld include a 6,300 dcy'e-foot ungated Marguerite Reservoir with a 
2,100 cfs channel enlargement. The following tabulation surrmarizes 
the econom'ics for til-is plan: 
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Mariposa Creek 
De adman-Dute hman 

Creek s 

Reservoirs and Channels 

13 ,374 

10,578 

1.,015 

809 

1112 

271 

0.4 

0.3 

-------------"------""--"-----"--

The channel enlargements substanti a 1"Iy improve the I eve 1 of protection 
relative to the '"reservoirs only" alternative: the Mar"iposa group 
would have about 33-year protection for the rural area east of Highway 
99 and about 100-year pr-otection for the rural area west of that 
highway, whi le the Deadman-Dutchman group would have about 50-year 
protection throughout. As with the other .alternati ve p"1 ans for the 
lower stream groups, this plan provides substantial flood control 
benefits, although not suff"icient to justify the costs incun-ed at 
this time. 

48. Irrigation. Preliminary studies were made of multipurpose 
alternative plans including irY'igation. Selected alternatives were 
identified for more detailed eva"luation by the U.S. Bureau of 
Rec I amat i on for Mari posa anci May'guerite Reservoi rs. 

a. The economic practicality of developin!l water supply from 
streams of the Merced County Stream group is constrained by "limited 
runoff. Yearly streamflow, less than 100,000 acre-feet, is dispersed 
among the numerous streams in the area. Yearly vari ations of runoff 
range from nearly zero to as much as four times the average annua"1 
fi gure. Other f actors further' reduce economi c feas i b i 1 Hy of 
irrigation storage. Large amounts of evaporation at the reservo"irs 
prevent practical savings of stored water from year to ye'lr. Relative 
facility costs are "large, mairdy due to size -in relation to yield. 
These factors make alternative sources for water supply viab"le from 
outside the study area. 

b. Water supply needs within the study area of Merced County 
were evaluated, The city of Merced and urban areas have adequilte 
domestic supply from ground water'. The Mercecl Irrigation District 
(M IO) imports agri cuI tura I water supp ly from developments on the 
Merced River and obtains additional water from wells within the area. 
MID supplies most of the needs for the northeast sector the 
county. The lower Mari posa and Deadman-Dute hman group areas seri ous ly 
need an additional supply of water. Two districts, El Nido and I.e 
Grand-Athlone Irrigation Districts,serve this area. These two 
d i stri cts recei ve most of the iY- water from 10ea"1 we II 5 and small 
amounts of imported water from ~IlD. Ground water in the latter 
district is dropping about 1 foot per year from overpump"ing. 
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c. Mariposa, Deadman, and Dutchman Creeks are upstream from the 
service distY'icts in the water-short area. Mariposa Creek cmd 
Deadman-·Dutchman Creeks have been cons i dered as the best 1 oea 1 storage 
supply for surface water development. Madposa Creek contains 35 
percent of the upl and runoff from the study area. Also, Mariposa [lam 
would be physically suitable for a large storage reservoir. 
Marguerite Reservo ir, wh i1 e not havi ng the same advantages, does 1 end 
ltself to multipurpose flood control and development and is located in 
the seni ce area. The economi cs of multi purpose development of 
Milrguerite Reservoir and Mariposa Reservoir are presented in the 
followinlj description of alternatives. The information presented was 
obtained from the Water and Power Resource Service, which has 
indicated that the data are applicable to 1977 condHions and prices. 

d. MaY'iposa t:~J!:ill.uY'pose Reservoir:. - This alternative would 
consist of enlarging Mariposa Reservoir from the existing 15,000 
acre-foot capacity to the authorized capacity of 50,000 acre-feet. 
The reservoir wou'ld then be used for flood control, irrigation, 
general recreation and fish and w'ildlife. The latter two functions 
would be served by maintenance of a minimum pool of 5,000 acre-feet. 
Water conserved at the reservoir would be used by El Nido Irrigation 
District, which contains about 9,200 irrigable acres. 

e. Mariposa Reservoir yield studies were accomplished 
loecognizing a downstream water rights re'lease of 178 cfs or an average 
of 10,700 acre··feet per year. The reser'voir capacity was aSSigned to 
the fonowing purposes: irrigation, 20,000 acre-feet; flood control, 
2!5,000 acre-feet, which would ~lradual1y be made available for 
conservation use in spring and summer months; general recreation and 
fish and wildlife, 5,000 acre-feet. The total annual regulated water 
supply for Ma1riposa Reservoir, based on a 41-year (1921-1962) study 
period, is estimated to be 10,600 acre··feet at the dam. The on-farm 
amount, considering distribution losses, is 6,900 acre-feet annually. 

f. Water requirements were determined from a ground water study 
developed in the 1960's. Ultimate average annual water supply, both 
surface and ground water, was estimated at 20,000 acre-feet. The 
ultimate annual water requirements were estimated to be 28,500 
acre·-feet, gl\llng a needed supplemental import supply of 8,500 
acre-·feet. This imported requirement would be partially met from the 
Mariposa Reservoir project. 

g. Benefits resulting from a supplemental water supply from 
t1ariposa Reser'voir for E1 Nido Irrigation District were based on a 
crop projection general'iy paralleling the 1974 cropping pattern. The 
wei 9hted per-acre net farm incomes were u sed to compute the di rect 
benefits. These direct benefits amount to $150 per acre. With an 
average water requirement of 2.97 acre-feet per acre, the direct 
benefits at the farm would be $50 per acre-foot. Using the on-·farm 
delivery of 6,900 acre- feet from Mariposa Reservoir, the total direct 
annual irrigation benefits from the conservation storage are 
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$345,000. Since the Irrigation District already has conveyance and 
distribution facilities, there are no additional direct irrigation 
costs. 

h. Following the public meeting held in May 1976, local 
interests requested that the economi c f eas i bi 1 i ty of Mari posa and 
Marguerite Reservoirs be reevaluated and that their lack of economic 
justification be reaffirmed. Therefore, the costs in the fonowing 
tabulations differ frClll the current updated estimate frClll the 
feas i bil ity report because of desi gn change and refi nements inc 1 uded 
in the reevaluation. 

Mariposa Reservoir 

Costs ($1,000) ,l\nnual Benefits ($1,000) __ .:---
--r'F'l o""o::-d~CC::o':'cntro 1: Irrl gati on Recreati on B/C First Annual 

17,900 1,266 337 34:; 167 0.7 

i. Marguerite Multipurpose Reserovir. - This alternative would 
consist of the authorized 13,000 acre-foot capacity reservoir located 
on Deadman-Dutchman Creeks. The functions and allocations of 
capacities are as follows: 7,000 acre-feet, flood control; 2,000 
acre-feet, inactive storage; and 4,000 acre-feet irrigation. The 
flood control storage would be available for conservation uses on the 
same schedule as Mariposa Reservoir. Water Supply yi('.ld was 
determined by correlation of local hydrologic data made available. 
Included in the y-ield study was a downstream water right of 2,400 
acre-feet. Marguerite Reservoir would be used to store winter and 
spri ng flows frClll De adman and Dutchman Creek s wHhout encroachment of 
flood control space. The annual yield, based on the same study period 
as Mariposa Reservoir, was estimated to be 3,900 acre-feet at the dam 
with an on-farm del'ivery of 3,)00 acre-feet. 

j. Benefits frClll the water supply of Marguerite Reservoir would 
be realized in the Le Grand-Athlone Irrigation District, which 
contains approximate ly 15,000 acres of irri gated 1 and. Benefits were 
determined by farm budget analysis, based on the existing cropping 
pattern. Direct benefits, represented by weighted per acre net farm 
incomes, average $190 per acre. Using an average water requirement of 
3.04 acre-feet per acre, the direct benefits at the farm would be $63 
per acre·-foot less $6.59 per acre-foot for delivery. With an on-farm 
delivery of 3,700 acre-feet frClll Marguer-ite Reservoir, the net annual 
irri gation benefits at Marguerite Reservoir from the conservati on 
storage are $209,000. 

k. The fo llowi ng table shows the 
conservati on storage and the most effecti ve 
current des i gn and cost procedures. 
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Marguerite Reservoir 

16,HO 1,134 321 209 530 0.5 

49. Recreation. A mult'ipurpose aH:erna,tive was analyzed which 
inclucied"-~1iriposa Reservoir as the only recreation site. Recreation 
benef"its fol" r~ill"iposi1 Reservoir were eva'luated in prior studies along 
with water OY'iented ,'ecreation at Castle and Burns Reser'vo'irs. If 
recreation facUities are not included at the 'latter two reservoirs, 
more use would be made of the ~lariposa facilities. The fonawing 
analysis reviews the recreation opportunities based on this condition, 
lIsing the most l'iberal unit benefit assumptions. Recreation was not 
considered practical at Marguerite Reservoir because the pool is 
shallow o,ne! would be depleted early in the irrillation season to reduce 
evaporation loses and to conserve other existing/rrigation sources 
until late!' in the season. The best flood control and irrigation 
s tor ages d(,sc ri bed in accompanyi rig par agr aphs were inc 1 uded with 
recreation, resulting in a 52,000 acre-foot gated reservoir. The 
follow'inq tabulation summal'ized the economics of the plan. 

Recreation ~ljariposa Reservoir ()n'ly 

Mariposa Creek 18,912 1,342 412 345 l.40 897 0.7 

By eliminating recreation facilities in the Bear Group ilnd the competition for 
water-related recreation activity, the recreation use and benefits increase at 
~1aY'iposa Reservoir by about 10 percent. Greatel' use would be possible if the 
reservo'ii' were closer to the city of Merced. Only limited boating activHy 
was considered practicable because of the lowered reservoir pool during the 
irrigation season. The reevaluation improves the economic feasibility of 
works all ~Iar'i posa Creek Stream group, but the plan sti 11 lacks economi c 
justification. 

50. NOl1structural measures. - In view of the fact that no structural measures 
appear'ed --j"t:isiTfTe"a-riir---ct:he pllariposa and Deadman .. Dutchman Stream groups, 
consideration was g"iven to provid'ing l10nstrllctural mei"SUri,S in these areas to 
solve the flood problems. Both of these areas are in agricultural use at the 
present t"ime, This use is in conformance with the County General p'lan, and no 
change in -land use is projected within the neill' future. Implementation of 
nonstructu!",t"i measures is 11.1 pUcabl" to non .. agricliltural uses, slich 
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as rr"sidential or cOInrnercia1. The major' flood darnage is agricultura"i I'eiated, 
making traditiona"1 nonstructural measures ineffective in 5o"lving the flood 
prob"lem. Any future construction vlOuld be flood proofed in accordance with 
the requirements of the Flood Disaster Prevention Act of 1973. Therefore, a 
nonstr'uctural alter'native is not viable for these areas. 

51. SUl!lrnc~l. No features of the author"ized plan for ~:ariposa and 
Deadrnan-Dutchman Creeks al'e economically justified at this time. Furthermore, 
the variations to the authorized plan and other alternative plans for these 
two stream groups which have been analyzed are not economically justified at 
this time. It is recognized that a need exists for flood control and the 
developrnent of irr'iqat'iol1 supplies, and local interests continue to express 
strong support and need for developing flood control and irrigation storage in 
the areilS of these two stream groups, In view of the current findings, the 
best so"lution at this t"ime would be deferral of these two stream groups for 
future c:onsiderat"iofl, 
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CHAPTER VI - ALTERNATIVES 

52. Planning objectives. - The purposes of preconstruct ion planning studies 
are to reas sess features of the authori zed project under present cond i t i 0115, 
ensure the project will provide an economical and acceptable solution to 
problems and needs, and eva"luate alternatives, prior to initiating ciesign. As 
indicated in Chapter V, the authorized plan was not economically justified nor 
are any viable alternatives. Accordingly, the rema"ining studies are limited 
to the Bear Creek Stream group. Although the existing project has reduced 
flood damages fran Merced County Streams, it does not provide an adequate 
degree of protection to the affected area, and flood protection is also needed 
in other areas wh ic h are not affected by the exi s t i n~1 project. Because of the 
frequent flooding of agricultural areas in the -nood plain and the high 
potential for extensive damage and possible loss of life in the City of ~Ierced 
cr,nd adjacent uran areas, the need for flood contro"j works is considered of 
paramount importance. The demand for water-oriented recreation in the study 
area is high, and, therefore, consideration has been given to full development 
of recreation opportunities, although local interests support only limited 
recreation facilities associated with levee and channel works. Consideration 
has also been given to enhancement of fish and wi ldl ife resources in the 
area. ThE~re is also a significant demand for additional irrigation water 
supply in southern Merced County. These, then, are the primary planning 
objectives to be satisfied, if possible, in plan formulation: flood control, 
recreation, fish and wi ldl ife, and irrigation water supply. Achieving these 
objectives is based on satisfying certain technical, economic, environmental, 
and social criteria. These criteria are discussed below. The Phase I GDM has 
been prepared in accordance wi th Eng; neer Regul ations 1105-2-920 and 
1110-2-1150. Although not specif"ically rE~quired, planning and formulation of 
the project has been essential"ly in conformance with the Water Resources 
Counei 1 's Principles and Standards. October 1977 price levels and an interest 
rate of 6-5/8 percent are used in the following formulation procedure. The 
formulation results would not be altered by using 1979 price levels. The 
recommended pI an descY'ibed in Chapters VII I through XV have costs and benefits 
calculated at October 1979 levels and an interest rate of 7"-1/8 percent.. 

a. Technical criteria. -

(1) The plan should be consistent with the California Water Plan and 
the Merced County General Plan. 

(2) Streamflows should be based on runoff with pl-ojected future land 
use. 

(3) Existing flood control features should be preserved and utilized 
to the maximum extent, consistent with economic criteria. 

(4) Dam and levee and channel design requirements, such as freeboard 
and cross section, should be established on the basis of existing site 
conditions, available materials, and type of structure selected. 

(5) Sp"illway width and surcharge depth required for any contemplated 
:eservoir should be determined assuming the spillway design flood (Probable 
Maximum Flood). 
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(6) A high degree of flood protection, such as SPF protection, 
shou I d be provi ded to present and future urban areas, cons i stent wi th economi c 
criteri a. 

b. National EconOl1lic DevelClQ!llent criteria" -

(1) Each separable unit of improvement or purpose must provide 
benefits at least equal to costs unless otherwise justified on an intangible 
bas is. 

(2) Each alternative considered in detail must be "justified" in the 
sense that total benefi cia I effects (monetary and nonmonetary) associ ated with 
the objectives are equal to or ex-ceed the total adverse effects (monetary and 
nonmonetary) associated with the objectives. 

(3) The selected plan mllst have net national econom"ic benefits 
unless the deficiency in net benefits incurred "is associated with attaining 
environmental quality objectives. 

(4) The scope of development is such as to provide the maximum net 
benefits; however, environmental quality and intangible considerations could 
dictate a project which foregoes some of the net tangible benefits. 

(5) The periocl of analysis was set at 100 years based on the period 
over which the plan is expected to serve a useful purpose. 

(6) Benefits and costs were expressed "in comparab"le terms. Annual 
cost includes maintenance, operation, and major replacements. 

(7) Project benefits were based on ana'lys'is of condit"ions without 
and with a project, uti'lizing methodology described in the Water Resources 
Council's Principles and Standards and Corps of Engineer's regulations. 

c. Environmental Quality Criteria" -

(1) Plans were formulated to the extent practicable so as to 
preserve and enhance the quality of the natural env"ironment, induding fish 
and wildlife, vegetation, land, air, water, open space, and scenic and 
esthetic values. 

(2) Where feasible, adverse environmental (~ffects of potential 
actions would be avoided. 

(3) Mitigation for unavoidab'le adverse environmental effects would 
be seriously considered and implemented when justified. 

d. Social well-bei!!..g andJeg"ional devel~lent consideration!;". -

(1) Consideration should be given to preset'vation of historical, 
archeological, and other cultural resources. 
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(2) Consideration should be given to safety, health, community 
cohesion, and social well-being" 

(3) llisp"lacement of people should be minimized to the extent 
practi cab le" 

(4) Improvement (If "Ie"isure activities and public facilities should 
be eval uated. 

{5} Effects of a project on regional development including income, 
employment, business and "industria"1 activity, population distribution, and 
desirable community growth should be considered. 

e" A number of plans for the Bear Creek group, including the authorized 
p"lan, "Jere considered to solve the area's flood and related water resource 
problems and needs. These alternati ves may be grouped into four categori es: 
(1) no act .. ion, (2) nonstructural measures,. (3) structural measures, and (4) 
combinations of structural and nOrlstructural measures, as described below. 

53. No action. "No action" essent"ially comprises no structural or 
nonstructiJriiT-rfleasures undertaken by t.he F edera"1 Government to control or 
reduce damages from future flooding in the area. In the future the population 
of the area \IIin increase, bus"iness win expand, and the demand for services 
w"ill 9ro,,; "likewise, the nood hazard will also increase. There will be 
greater dama92 to res i denti a"l and commerc i a 1 property; and bus i ness activity, 
transportat'ion, and communication will be disrupted, Public services such as 
educat"ion, health care, and police and fire protection will be disturbed. 
Since Merced COllnty has been designated as a flood hazard area, flood plain 
management measures must be "implemented for the area to be eligible for 
Federal flood insurance and Federally assisted financing such as FHA and VA 
lOdnds. Sp'ecificarly, "land use regulations must be adopted requiring all new 
structures in the lOO"·year flood plain to be either elevated above the flood 
plain or be flood proofed, Both the city and county of Merced have applied 
for participation in the National Flood Insurance Program under the Flood 
Disaster Prevention Act of 1973 (Public Law 93-234). Under this Act, 
communities are required to adopt land use regulations, certified by the Flood 
Insurance A.dministration, that would requ"ire that all new and replacement 
residential structures in the lOO-year flood plain have their first flood 
elevated to or' above the lOO·"year flood elevation and all new or replacement 
nonn~sid2ntial structures be flood proofed up to the level of the lOO-year 
flood. The economic losses noted in paragraph 25 and the threat to community 
safety and well-b;;ing generally make "no action" an undesirable alternative by 
the Corps. 

54. NonstructUl'a"1 measures, - Nonstructural measures considered for Merced 
COLlrrl;:y"-iriclu;je--ionf~l"-;md-building code regulations, flood proofing, flood 
forecasting, and evacuation. As described in paragraph 53 above, to be 
eligib"le for Federally assisted financing, Merced County must adopt land use 
regulations reduce future naod pla"in, but there is a practical limit to 
what can be ext:"J uded as the areas north and east of Bear Creek are des i gnated 
for urbLHl development by the city and county master plans. For the same 
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reason, evacuation of the flood plain Of abandonment of existing buildings and 
reconstructi on elsewhere is not an economi ca 1 so 1 uti on. Advance warni ng by 
flood forecasting could help prevent injury, but there would not be sufficient 
time to prevent damages to propel'ty. Finally, all existing structures could 
be flood proofed by raising them or building protective dikes, but the costs 
waul d be prohi b iti ve. Since the city and county of Merced are part i c i pat i ng 
in the Flood Ins urance Program, a,ct ions to pr'event damage to future 
development under this program would be considered a preproject condHion. 
Project related nonstructural measures would apply only to existing 
development. Studies showed that nonstructural measures to provide a degree 
of protection greater than 100 years to future development would not be 
economically justified. 

55. Flood Proofing or Relo~_(ltin~ ExistinL Structures. Flood proof"ing 
existing structures would involve implementation of building codes and 
subdivision regulations which would require raising structures above the flood 
plane or providing dikes and levees to prevent flood damage. Raising the 
lowest floor of a building to a desired elevation to provide a higher degree 
of flood protection is accomplished by using fill material or columns and 
footings. Dikes and levees could also be used, especially for large ex"isting 
developments such as shoPpin9 centers, industrial parks, and schools. Costs 
and benefits in the tabulations below result frClll raising structuI'es to 
provide the desired level of protection and thus prevent damages wh'ich would 
otherwise have occurred. Relocation is accomplished by purchase, 
condemnation, and removal of existing structuY'es. Prov'isioll would need to be 
made for alternati ve location of structures for urban development outside of 
the flood plain.. Relocation costs are those costs incurred for removing 
existing development and purchasing and constructin9 new facilities in safe 
areas. Relocation benefits result from reduced flood damages because of less 
intensive uses, such as agriculture and parks, of the evacuated flood prone 
area. Structural development in the SPF flood plain for the base year of 1985 
for the project is listed in the following tabulation: 

Number of Structures in the SPF Flood Plain 
Bear Creek Group 

Residentia"1 
Commerc i a 1 
Industrial 
Pub] ie & Semipubl ie 
Agricultural 

Total 

- -

17,570 
2,435 

115 
105 

20,225 

Spec ific fl Dod proofi ng methods depend upon the type of structure 
involved. Cost estimates for f'lood proofing residential structures 
were based on three types of measures: (a) flood proofing to preclude 
floodwaters from entering the building's interior; (b) proviSion of a 
waterproof concrete utility cell to house the electric switch box, 
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furnace, and water heater located in basel1lt:nts wh"ich could be flooded; 
and (c) raising the building above the nood level. In residences 
whi eil had basements, the at lternati ve cons i sted of permanent ly seal i ng 
off basement openi ngs, waterproofing the i nteri Ot' and exposed exteri or 
basement walls, and installation of sump pumps and providing automatic 
check valves in sewage lines, The second method, consisting of a 
uti"lity cell, protects the utilities bl.lt does not prevent additional 
danalge; therefore, this method was not extensively used. The third 
measure consisted of raising buildings on columns or footings above 
the flood level. Commercial and publ"ic service structures were 
treated d "ifferent 1y from res i dent i a"1 structures because costs of 
raising these buildings wDu"ld be prohibitive. Flood proofing measures 
considered consisted of providing check valves for sewer lines; 
blocking basement openings, first floor doors, and windows; and 
waterproofi ng sump pumps and we 1"Is. Industri al structures would be 
protected by providing a ring levee or floodwall complete w"ith 
closures and pumps for iinterior driiinage. Costs and benefits of flood 
proofing and relocating structures within the Bear Creek flood plain 
are shown in the following tabulation: 

Floodproofin Existing Development 
Degree of -":-Costs in 1,(00): Benefits : 

_"yrotectionFil~"st~::::_ Annual- :_1$1,000) BIC 

10 yr 10,255 
25 yr ;25,360 
SO yr 61,440 

IOO yr 128,675 

655 
1,620 
3,925 
8,220 

215 
650 

1,090 
1,665 

0.3 
0.4 
0.3 
0.2 

SPF J,§6 ,36O 11, 90~ 2,560 _::2.::-"-"-.___ 0. 2 

_______ "" __ " ___ Re "locating Exi stir!.9.Jleve lopment 
Degree of : ~osts in ($1,00()"): Benefits : 
Protection First: Annual :"--.1$1,000) : BIC 

1.0 yr 40,855 2,610 565 0,2 
25 yr 82,965 5,300 1,620 0.3 
50 yr 207,335 13,2B,5 2,625 0.2 

IOO yr Im,980 30,215 3,870 0.1 
_"_.?1'1 _____ S>QQ-'-Z15 ___ ~, 31.~ ____ ..?-, 005 ___ ~~1. 

It can be seen that 
feasible for existing 
econanic infeasibi 1 ity, 
plans, nonstructural 
cons,-j der at "1 on. 

neither of these measures are econanically 
development. Because of the high costs, 

and the support of local interests for othel' 
measures were E,l iminated from further 

56. Structural measures. - Structural measures cons"idered inc-Jude 
channeT- modifications~--reser'Voir5, and combinations of reservoirs and 
channels,_ During preliminary evaluation of these measures under 
present conditions of development, the costs of construction of ollly 
channels" of relocat-ion of structures adjacent to the channels, and of 
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modHication of bridges were generally found to be far in excess of 
flood control benefits; therefore, these measures were not 
econanically feasible. However, it was found that the el<isting 
channel capacities below any reser'voir sites would not be sufficient 
to contain the local runoff or flood control releases from Y'esE!r'voirs; 
thus, construction of reservoirs only would not solve the flood 
problem either. Accordingly, a combination of reservoirs and channels 
was considered. A detailed discussion of structural alternatives 
considered is contained in the following paragraphs. For' 
i denti fi cat i on purposes the fl oDd control accomp 1 i shments of the 
various structural alternatives were divided into four major areas. 
The four areas were Merced centra 1,. whi ch is the area south of Bear 
Creek; Merced north, which is essentially the area protected by 
improvements on Fahrens Creek; Merced airport, which is the area south 
and west of State Highway 99 and which is pY'·imarj"Jy rura·1 with some 
urbanization in the eastern portion; and lower Bear Creek. 

57. Levees and channels only. - As noted in para!Jraph 13, as the 
streams in the study area proceed across the San Joaqu i n Valley fl 001', 
the·ir channel capacities and ability to cany floodflows diminish 
substantially. As a means of providing flood protection to the Bear 
Creek area, the following levee and channel alternatives were 
analyzed: the enlargement of existing channel capacities and the 
addHion of levees to convey floodflows that the natural channels 
cannot carry through the damage areas to the Eastside Bypass; clrld the 
construction of diversion channels to canoy floodflows around the 
damage centers. The following paragraphs describe these alternatives 
based upon division of the channel works into three reaches: the 
Eastside Bypass to Highway 99, comprising the Merced airport and lower 
Be ar Cr eek damage areas; reac hes ups tream frail Highway 99, compr i sing 
the ~~erced central damage area; and Fahrens Creek, compriSing thE~ 
Merced north damage area. 

58. Eastside Bypass to Highway 99 ... In the lower reach the levee and 
charmel modifications would beg·in at the Easts'ide Bypass entrances 
wi th back water levees and extend upstream wi th ·Ieveed channe 1 s. The 
construction of levees to the East Side Bypass has the beneficial 
effect of transporting Bear Creek floodflows out of the flood plain 
and into the San Joaquin River. At the same time, these levees could 
prolong and 51 ightly increase the panding to the south of Bear' Creek 
by restricting the flows of Mariposa and Deadman-Dutchman Stream 
groups from draining north (see photograph 5) .. Currently, drains are 
provided at Mariposa Creek (Duck Slough) by a double 4 foot by 8 foot 
gated box culvert and at the Owens Creek leveed entrance to partially 
relieve the panding. 

59. Hydrologic stUdies made of hi storie floods and the 5Qo·year flood 
indicate that it is possible to drain ponded water into the Eastside 
Bypass before flows from the upstream areas of the San Joaquin River 
arr'·ive. This same condition is true for moy'!? infrequent floods. By 
cons truct i ng a drain age channel aclj acent to Clnd south of Beal" Creek 



between the East Side Canal and the Eastside Bypass the water that 
previ au s ly flowed north over Bear Creek wi 11 flow into the Eas ts ide 
Bypass before the main San Joaquin Rivel' flows enter the Eastside 
Bypass. TI1 i s wi 1'1 keep the depth of ponded water at or below the 
existing conditions. 

60. The following tabulation contains a summary of the design flows, 
length of possible channe"\ works, and annual benefits and costs for 
various degrees of protection in the lm,er bear Creek and Merced 
airport damage areas. 

A"lternat"i ve Degrees of Protecti on for Bear Creek 

Bear Creek 

Design Flow (cfs) 
Length of Channel(miles) 
Benefits ($1,000) 
Costs ($1,000) 
Excess BenE,fits ($1,000) 
BIC 

5, aDO 
21 

158 
276 

-118 
0.6 

6,600 
21 

342 
396 
-54 
0,,9 

7,700 
21 

384 
576 

-192 
0.7 

10,000 
21 

------"._----------
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None of the plans in this reach are economically justified; hm\lever, a 
channel capacity of about 6,600 cfs is the best alternative. 

61. Upstream of ~ghway _99. -. The greatest amount of flood damages 
occur in the Merced central damafje area from Bear Creek, Fahrens 
Creek, and their tr-ibut.aries within the Bear Creek Stream group. 
Levee and channe"1 works on Bear Creek through the city would require 
enlargement of the channel, which would necessitate relocation of a 
city street that parallels the creek, and removal of a row of homes 
throughout its length. j\ concrete lined channel could be considered 
as an alternative. Both of these alternatives are environmentally and 
economically undesirable. A less costly alternative would consist of 
a bypass originating upstream from the city which would extend around 
its southern I imits. At the terminus of the bypass southeast of the 
airport, a flowage easement would be required where floodflows would 
be diSSipated overland. As provision of 100"·year protection would be 
a re 1 ati ve ly sma 11 increase over present cond i t i OriS, a h'i gh degree of 
protection of 200 years for the urban area was cons'idered, 
SpeCifications for the bypass plan around the centra"1 city follow: 

'BEARCREl:K BVP!ISSLEVEE AND CHANNEL IMPROVEMENTS 

Degree of Protection 
Design Flow (cfs) 
Length (miles) 
Benefits ($1,000) 
Costs (SI,OOO) 
Excess Benefits (Sl,OOO) 
BIC 

---_ .. _--_._". __ . 

200-ye ar 
18,000 

10 
2,967 
4,164 

-1,197 
0.7 

Th is plan wou I d pr ov id e f"lood pr otect"i on to a porti on of the urban 
area in Merced adjacent to Bear Creek but does not solve the tota"1 
flood problem foy' the area and is not economically justified, Higher 
1 eve 1 s of protect i on were cons i dered, but they werf" not ecorlom"ica l1y 
jus ti fied. 

62, Fahrens Cre.ek. - Flood protection for Fahl"enS Creek was not 
specifically provided for in the authorized pl"oject. The flood plain 
of Fahrens Creek and the tributary of Black Rascal Creek are located 
in the center of Merced. Extensive urban development, includin9 
shopping centers and schoo'ls, has taken place in the area without 
adequate flood protection. The economic analysis, in clpplying 
hydraulics and hydrologic var'"iab"les, is complex since the area is 
subject to flooding from both Bear Creek and Fahrens Creek, as well as 
from upper Black Rascal Creek. The authorized project would reducethe 
damages significantly but would not provide an adequate level of 
protection for the entil"8 eX'istil1~l urban area. The feasibility of 
providing levee and channel improvements for the Merced nor·tll area is 
shown below: 
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._. ____ .. ___ . _____ .~= F AHR EN 5 CR.E EK 
LEVEE AND CHANNEL IMPROVEMENTS 

._------." 
-----. Degree of Protect i on 

::-5iJ-Vr ]OO-Y-;:-:-150-Yi": 200-Vr 
.------------------ ----~ 

Des i gn Flow (cfs) 4,300 5,400 6,000 6,400 
Length (miles) 6 6 6 6 
Annual Benefits ($1000) 1,232 1,661 1,696 1,717 
Annu a 1 Costs ($1000) 301 311 336 353 
Excess Benefits ($1000 ) 931 1,350 :[ ,360 1,364 
BIC 4.1 5.3 5.0 4.9 

SPF 

7,000 
6 

1,731 
383 

1,348 
4.5 

Based on the need for flood protection for this area and the results 
of the above analysis, flood control works on Fahrens Creek have been 
added to the alternative plans for further study. 

63. Combined channe-I improvement p-Ian for Bear Creek. - None of the 
charmer improvement pl (Ins for the separate reaches of Bear Creek 
satisfactorily solves the flood prob-Iems below the existing 
reservoirs. To determine if channel improvements only would be a 
viable alternative, the different reaches were combined to form an 
integra-I project, consistent with providing flood protection to most 
of the urban area of Merced. The best pl ans for the three reaches 
previously described were utilized in evaluating this alternative. 
This plan would provide SPF protection to the Merced central and north 
areas, about lOO-year flood protection to the airport area, and 
somewhat 1 ess than 50·,year protect ion to the lower Bear Creek ar'ea. 
The first cost of this pl an is estimated at $88,885,000 with annual 
costs and flood control benefits E!stimated at $6,364,000 and 
$5,121,000, respectively. The benefit-cost rat-io of this plan is 
0.8 to L 

64. Re5ervoirs orDJI.. - Flood control reservoirs would operate by 
-intercepting and storing floodwater originating in upstream watersheds 
and then r'eleasing flows to downstr'eam channels at a rate within the 
capacity of the, channel. Reser'voirs without downstream channel 
modification are not practicable since floodfloVis entering the 
existinq channels below the reservoirs would frequently exceed the 
channel capacities. There would be no protection to downstream areas 
from nooding by the localized runoff, particu-Iarly below Highway 99 
where there is v-irtually no channe-I capacity in most of the streams. 
AddHiollany, the water released from the reservoirs as part of theh' 
operation would increase the duration of the flooding. In summay'y, 
there -is no means with a reservoir' only alternative to convey either 
the reservoir releases or the local flood runoff out of the study 
area, so the flood prob 1 em in the lower reaches of Bear Creek wou 1 d 
remain.. However, to demonstrate the performance of these 
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alternat"ives, a reservoir on'ly plan for the Bear Creel< Stream 9Y'QUP is 
presented in the following tabulation. This alternative would include 
the most economical reservoir sizes described in paragraph 70 ,[nd 
would consist of a 24,000 acre-foot reservoir on Bear Creek, a 19,500 
acre-foot reservoir on Burns C)'eek, a 2,:iOO acre-foot reservo'ir at 
Haystack Mountain site on Bl aek Rascal Creek, and a 7,100 acre-foot 
reservoir at Castle site on Canal Creek (See photographs 6, 7, 8 and 
9) • 

Stream 
Group 

Reservoir Only 

Costs ($l,OOOj:Annual ;'- Degree -(jf"Pr-otection (Y.§arsT-::
First; Annual :Benefits: Merced: Merced :Airport: Lower :B/C 

:($11000)_:Central: North Area :B~~!:_c:.r::.~ __ _ 

Bear Cr 27,700 1,910 3,344 250 33 6 2 1.8 

--,------_._-------,-----------

The reservoir sites are the same as those identified in the authot'ized 
plan, except for Cast'le, which is located upstream at 11 more 
beneficial site. Since there is no suitable reservoir site on Fahrens 
Creek, the urban flood plain in the notth area of Merced would 
continue to be frequently inundated.. The channel capacit.Y of Bear 
Creek above Fahrens Creek is large enough, with the combined reservoir 
pI an, to provide 250-year protect'ion to the adjacent area. Alon9 Bear 
Creek, below Fahrens Creek, the channel capacity decreases 
substantially so that there 'is relatively little improvement to the 
flood problem in this area .. Because there is less than 1.01l .. ·year 
protection to some stream reaches, the benefits were calculated in 
accordance with the Flood Insurance Program, which requires that 
future res i dent i a 1 and commerc i a I structures be constructed above the 
l.OO-year flood plane, or otherwise flood proofed. 

65. Combined reservoirs and channels. - COlTlbining resenlOirs and 
channels brings together the advantages of each. As previollsly noted, 
reservoirs alone can control the floodwaters originating above them, 
but the existing channels below the potential reservoir sites cannot 
adequate ly carry the 1 oea 1 flood runoff or reservo'ir rel eases. 
Therefore, 0. combination of both measures is needed so that water may 
be impounded and floodflows safe'ly conveyed out of the problF.:fI1 area. 
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66. Since channel modification and reservoirs are not economically 
feasible in the Mariposa and Deadman-,Dutchman Str'eam groups and 
studies have been deferred at this time for future consideration, the 
detailed study was confined to Bear Creek. Even with this reduction 
in scope, the solution 'is sti 11 complex because of the large number of 
possible comb-inations of reservoirs and channels. For example, the 
city of Merced is flooded by f'ive tributaries of Bear Creek. Four of 
the tributaries (Bear, Burns, Black Rascal, and Canal) have potent-ial 
reservoir sites. The fifth, Fahrens Creek, does not have a suitable 
reservo-ir site but can be modHied to carry anticipated floodflows. 
Downstream frlJlTl the city, Bear Creek has some existing levee and 
channel improvements, but the reach below Crane Road has little 
capacity at all. 

67. Ungated reservoirs are the most econom'!ca'l, but have the 
operational disadvantage of mak-ing flood control re-Ieases during the 
peak local floodflows in other areas, thereby increasing the magnitudE~ 
of the flooding when the two combinE!. The existing detention 
reser'voirs on Bear and Burns cr'eeks are examples of this type. 

68. Gated reservoirs are mor'e expensii ve, but releases can be 
contro l1ed to mmlmue f load damage downstream. The amount of 
flooding can be decreased by restricting the flow from the reservo'ir's 
to nothing 0,' some minimum amount during the flood pE!ak at other 
locations. The reservoirs in the author-ized plan are examples of this 
type. 

69. Developing the best combination of reservoirs and channe-Is was 
simplified by using, with one exception, the best levee and channel 
plans described earlier, consisting of a 6,500 cfs capacity channel on 
Bear Creek between the Eastside Bypass and the -lower city 'limits, and 
a 6,400 cfs capacity channe-I on Fahrens Creek. These channel 
capacities are the optimum sizes for' accommodating the local inflows 
below the reservoirs. To assist in optimizing the plan, the computer 
program HEC-IGS, which can analyze a large number of alternative plans 
considering restrictions and develop the best altemative, was used to 
evaluate numerous comb'inations of remain'ing channel improvements and 
reserVOirs, to consider their operating characteristics, their 
interrelationships, and their costs and benefits, and to deve'lop the 
plan with the greatest amount of net annual benefits (National 
Economic Development p'lan). The alternatives listed in Table I and 
described in the following paragraphs represent the best combination 
of component sizes for "its set of conditions. For example, the plan 
described for Plan 2 (Gated Ilear Reservoir), is the best one of 
several consi dered by the program where Bear Reservoir has a gated 
outlet, the rEmaining reservoirs have ungated outlets, ancllower Bear 
Creek and Fahl'ens Creek have chann~~l capacities of 6,500 and 6,400 
cfs, respectively. All costs iHid benef'it; s are for flood control at 
1977 price level and 6--5/8 percent interest for comparat-ive purposes. 
The authorized features for the Bear Creek group are also disp-Iayed. 
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70. P"I an L (All ungated reservoirs) - The importance of Bear and 
Burns-Reservoirs in controlling floods relative to the other 
reservoirs is 'indicated by their comparatively large storage 
capacities, reflecting that Bear and Burns Creeks contribute the most 
floodwater. As car. be seen in Table 1, the level of protection 
provided by this plan to the centra,l city area and to the Fahrens 
Creek (north city) urban area by 'levees and channels is quite high 
(250 and :200 years, respecti ve ly). Downstream near Crocker Dam, the 
increased floodflows resuH;'ing from combining Bear and Fahrens Creeks 
and the predominantly agricultural charclcLer of the damage area make 
it uneconomical to provide as high degree of flood protection. Hence, 
the level of protection in lower Bear Creek is only 25 years. 

This plan was later selected as the basis for the Nat'ional Economic 
Deve 1 opment (NED) plan. 

71. Plan 2 ... (Gated Bear Reservoir) - This plan demonstrates the 
economfc--Tiilpact. of gat i ng Bear Reservoir. The i ncr-eased costs 
associated with the control tower, access bridge, gates, and 
e-Iectrical a,nd mechanical equipment are partially balanced by a 
reduction in f'I?servoir size. Also, the other reservoirs are affected 
by the change in the operation of Bear Reservoir, so their economical 
sizes also change. The reduced protection provided by this plan to 
the central city (170 years), reflects the smaller size of Bear 
Reservoir; however, gates ,a'ilow the flood control releases to be 
regul ated so that the pe ak fl oodfl OvlS ill the airport area and lower 
Bear Creek are smaller, resulting in a higher level of protection when 
compared with the ungated plan (see Table 1). 

72. Plan 3. (Gated Burns Reservoir) - Th'is alternative also indicates 
the eCiiri'omlcal impact of ~Iating ill reservoir. Although the flood 
control releases can be better regulated, the economical size of Burns 
Reservoir decreases from about 20,000 acre-feet to 10,000 acre··feet. 
The smaller reservoir offsets the advantages of the gated outlet so 
that the 70 .. year leve'l of protection in the central city is the same 
as that provided by the existing Burns Reservoir alternative, 
described bel OiN. ~Ii thout better control of Bear Creek fl oodfl ows, 
there is little advantage to gating only Burns Reservoir. 

73. I'"lim 4" (Gated Bear and Burns Reservoirs) - The most economical 
plan -wiffl-near and Burns Reservo'irs gated results in larger storage 
capacit'ies for Haystack t1ounta'in and Burns Reservoirs, relative to 
plan 3. The increaseci storages, together with better regulation of 
Bear anel Burns Creeks, from which the major sources of floodwater to 
the City of Merced originate, increase the level of protection to 100 
years for the city. However, relative to plan 2, the economical sizes 
of Haystack ,Mountain and Burns Reservoirs are smaller and the overall 
level of protection is less (see Table 1). 

74. Plan 5. (All gated reservoirs) .. This alternative is a further 
'i llus'frat:lorl of the tracleoffs be:tween storilSj8 capacHy and gated 
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TAB L E 

MERCED COUNTY STREAMS, CALIFORNIA 
COMB I NED RESERVO I RS AND CHANNELS PLANS 11 

C.OSTS BENEFITS DEGREE OF PROTECTION 
RESERVOI RS CHANNELS ($1,000) ($1,000) (Year) 

PLAN (Size in acre-feet) (Capacity in cIs) B/c MERCED 
FIRST ANNUAL ANNUAL NET LOI/ER 

BEAR CR. 
HAYSTACK MTN. BURNS BEAR CASTLE FAHREHS CR. LOWER BEAR CR. CENTRAL NORTH AIRPORT 

1 2,500 19,500 2~,OOO 7,100 6,1100 6,500 52,no 3.636 5,155 1,519 1.~ 250 200 ~o 25 
Unga ted Reservoirs 

2 Gated Ga ted Bear 5,800 22,500 18,500 7,100 6,~00 6,500 ~9,569 ;3,~62 ~,926 1,~6~ 1.~ 170 200 60 50 
Reservoir 

3 Gated Gated Burns 2,300 10,000 lB,500 7,100 6,~00 6,500 50,~2;3 3,580 ~,60;3 1,02;3 1.3 70 200 50 50 
Reservoir 

~ Gated Gated Ga ted Bear and ~,OOO 12,000 18,500 7,100 6,~OO 6,500 50,682 3,619 ~, 79;3 1,17~ 1.3 100 200 ~O 50 
Burns Reservoirs 

5 
Gated Gated Gated Gated All Gated 6,~00 6,500 55,528 3,991 5·,156 1,165 1.3 160 200 ~O 50 

Reservoirs 2,600 15,700 18,500 3,500 

6 
Existing Burns 

Reservoir 
3,000 7,000 29,000 7,100 6,~00 6,500 52,~06 3, 71~ ~,789 1.075 1.;3 70 200 30 20 

7 
Existing Bear 

Reservo i r 
2,900 19,500 7,700 7,100 6,~00 6,500 ~7,;330 3,;352 ~,211 859 1.3 25 , .. 200 20 20 

8 
Without Haystack -- 20,000 19,000 7,100 6,~0 6,500 118,660 

Mtn. Reservoir 
3,~57 ~,819 1,362 1.4 50 200 ~O 20 

9 
Without Castle 2,000 17,000 2~,OOO -. 8,000 6,500 52,778 

Reservo i r 
3, 7~4 5,069 1,325 1.~ 2;30 100 ~O 20 

Authorized Gated Gated Gated Gated 5,500 20,616 1,511 3,290 1,779 2.2 80 eo 50 50 3,000 30,000 1~,~00 11,500 --
(Bear Group) 

11 Flood Control only. 



outlets. Canpared to plan 2, gating all the reservoirs results in 
smaller economical storage capacities for Castle, Haystack Mountain, 
and Burns Reservoirs. The operational advantages of controlling flood 
releases, however, compensate for the reduced storage capacities for 
this plan and result in about the same level of protection as the 
ungated plan throughout the project area. 

75. Plan 5. (Existing Burns Reservoir) - This alternative, with no 
modifications made to the eXisting 7,000 acre-foot Burns Reservoir, 
demonstrates the relative effect of a larger reservoir in controlling 
floodflows. For the SPF flood, Burns Reservoir would release about 
5,500 cfs into Bear Creek. Since the Bear Creek channel capacity is 
about 7,000 cfs, the other reservoirs would have to be enl arged to 
retain the floodflows on their respective streams fran entering Bear 
Creek during the peak flows from Burns. Haystack Mountain and Bear 
Reservoirs have been increased in storage capacity, but the most 
economical sizes are not enough to compensate for flows releases from 
Burns Reservoir. Consequently, the levels of flood protection through 
the centra lei ty and on lower Bear Creek are quite low at 70- and 
20-year degrees of protection, respectively. 

76. Plan 7. (Existing Bear Reservoir) This alternative 
demonstrates that keeping Bear Reservoir at the original size of 7,700 
acre-feet does little to solve the flood problem in the City of 
Merced. Burns and Haystack Mountain Reservoirs control the floodflows 
on their respective streams, but large flows continue to originate 
fran the Bear Creek watershed. For the SPF, event, these flows would 
be as much as 20,000 cfs. When this amount is combined with the flows 
fran Burns and Black Rascal Creeks, the 7,000 cfs capacity of the 
channe 1 through the city is canpl ete ly inadequate to prevent 
flooding. As can be seen in Table 1, only about 25-year protection is 
possible in the central city. 

77. Plan 8. (Without Haystack Mountain Reservoir) Excluding 
Haystack Mountain Reservoir from a fl ood control plan results in no 
control of the floodflows fran Black Rascal Creek. For the SPF flood, 
about 5,400 cfs of Bear Creek channel's 7,000 cfs capacity would be 
taken up by Black Rascal Creek, shifting the burden of control in the 
mul tiple reservoir system to Bear and Burns Reservoirs. As was the 
case with plan 6, the uncontrolled flows are almost equal to the 
channel capacity of Bear Creek through the city. The other reservoirs 
cannot control their respect i ve ups tream watersheds to reduce fl ows to 
canpensate for the increased flows in Bear Creek, so the overall level 
of flood protection for the areas affected by Bear Creek is reduced 
substantially to about 50 years through the city and 20 years to the 
downstream areas. 

78. Plan 9. (Without Castle Reservoir) - By not providing Castle 
Reservoir, Canal Creek floodflows would continue to be diverted into 
the Main Canal and carried to Yosemite Lake. When the combined flows 
of the diverted waters and local runoff exceed the capacity of the 
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cana 1, the excess water is a 11 owed to spi 11 into the F ahrens Creek 
area. The downstream urban area that is flooded can be protected by 
enlarged channels and levees. The most economical channel size, which 
is an exception to the 6,400 cfs previously used, has a capacity of 
8,000 cfs and would provide about 200-year protection. This channel 
capacity was computed separately and imposed as a constraint on the 
computer program to optimize the reservoir sizes for this condition. 
In addition, the combined flows of Fahrens and Bear Creeks at their 
junction would cause backwater conditions and inundate the bridges on 
Fahrens Creek upstream from the confluence. Enlargement of the Bear 
Creek channel at Fahrens Creek and relocations of all the bridges to 
minimize this effect are included in the cost estimate. 

79. The urban areas not affected by the di verted Canal Creek flows 
have a relatively high level of protection (see Table 1) from Burns 
and Bear Reservoirs, which have capacities of 17,000 and 24,000 
acre-feet, respectively. 

80. Combinations of structural and nonstructural measures. 
Nonstructural measures considered were zoning and building code 
regulations, flood proofing, flood forecasting, and evacuation, those 
described in paragraph 54. Although limited nonstructural measures 
could be combined with various structural measures on the Bear Creek 
group, no such measure are ,economically justified overall, and 
adequate flood protection would not be provided. 

81. Evaluation of higher levels of floC!.9 protection. - It is apparent 
that a number of alternative plans are economically feasible on Bear 
Creek and its tributaries. National economic efficiency (benefits vs. 
cost for each increment of protection being one or greater) is 
important, but by making modifications to the flood control 
improvements previously described and making moderate increases in 
sizes of the flood control reservoirs, more social, environmental, and 
local objectives may be achieved with 1 ittle loss in national 
economi cs. Var i ous arrangement s of reservoi rs, both gated and 
ungated, were cons i dered in conj unct i on with 1 evee and channel works 
to improve the level of flood protection to provide standard project 
flood (SPF) protection. With regard to providing levees in urban as 
areas, the general rule is to provide at least SPF protection where 
levee fai lure would result in substantial damages and the possiblity 
of loss of life. Table 2 displays alternative plans which are 
refinements of the most economic plan presented in paragraph 70 and 
demonstrates the economic tradeoffs in providing greater flood 
protection. These alternatives 'are used as the basis for the final 
plan selection process described in Chapter VII. As in Table 1, the 
authorized features in the Bear Creek group are displayed for 
comparative purposes. The costs and benefits in paragraphs a through 
f and Tables 1 and 2 are flood control only at 1977 prive level and 
6-5/8 percent interest and are given for comparative purposes only. 

a. Plan 1. - Plan 1 was previously described in paragraph 70 and 
representS-the most cost effecti ve flood control pl an, therefore it 

56 



RESERVOIRS 

PLAN (Size in acre -feet) 

HAYSTACK MTN. BURNS BEAR 

1 2,5{)O 19,500 2ij.00O 

10 2,500 19,500 Gated 
2ij.OOO 

11 2,500 19,500 Gated 
2~. 000 

12 5,800 23. 000 Gated 
2~,OOO 

13 5,800 n.OOO Gated 
2~, 000 

1~ 5,800 23,000 Gated 
2~.000 

Authorized Gated Gated Gated 

(Bear Group) 
3,000 JO,OOO 14,~00 

11 Flood Control only. 

TABLE 2 

MERCED COUNTY STREAMS, CALIFORNIA 
PLAN SELECTION 1/ 

COSTS 
CHANNELS ($1,000) 

(Capaci ty in cIs) 

FIRST ANNUAL 
CASTLE FAHRENS CR. LOWER BEAR CR. 

7.100 6. ijOO 6.500 5Z.1ijO 3.636 

7,100 6,ijOO 6,500 5~,3ij6 3,837 

7.100 7.000 6,500 56 , ij86 3,982 

7.100 7.000 6,500 57,380 4,047 

7.100 7.000 6,500 & 9.000 61,988 ~,J66 

7,100 7,000 9,000 6J,~30 ~,U7 

Gated - 5,500 20,616 1.511 11,500 

BENEFITS DEGREE OF PROTECT I ON 
($1,000) (Year) 

Blc MERCED 
ANNUAL NET LOWER 

BEAR CR. 
CENTRAL NORTH AIRPORT 

5,155 1,519 1.~ 250 200 ijO 25 

5,216 1,379 l.ij 270 200 100 50 

5,229 1. 2~7 1.3 270 270 100 50 

5,;396 1 ,;3~9 1.;3 3;30 330 100 50 .. (SPF) (SPF) 

5, ~17 1,051 1.2 330 330 330 50 (SPF) (SPF) (SPF) . 

5,~~7 1,030 1.2 330 JJO 3JO 3JO 
(SPF) (SPF) (SPF) (SPF) 

J.290 1.779 2.2 80 80 50 50 



has become the basis for the NED plan. This plan is a combined 
reservoir and channel improvement pl an, with all reservoirs ungated, 
Fahrens Creek improved to 6,400 cfs, and lower Bear Creek improved to 
6,500 cfs. The flood damage reaches are divided into four areas: (1) 
Merced central; (2) Merced north, which is essentially the area 
protected by improvements on F ahrens Creek; "3) Merced ai rport, the 
area south and west of State Highway 99, IIlh"ich is essentially rural 
with some urbanization in the eastern portion; and (4) lower Bear 
Creek. As can be seen on Table 2, the Merced central and north city 
area are provided relatively high degrees of protection, a maximum of 
250- and 200-year, respectively. However, the Merced airport and lower 
Bear Creek areas are provided a much lower degree of protection, 40, .. 
and 25-year, respectively. The first cost of the flood contro'l 
port'ion of this plan is $52,140,000. J\nnual costs and benefits are 
$3,636,000 and $5,155,000, respectively, and the flood control portion 
of this plan is economically justified with a benefit-cost ratio of 
1.4 to 1. It would be desirable to more nearly balance the degree of 
protection for all of the urban areas as well as provide a hi gher' 
degree of protection to the rural areai; therefore, other alternative 
improvement plans or refinements were considered. 

b. Plan 10. - This plan is the same as plan 1, except contro'l 
gates were added to the outl et works at Bear' Reservoi r. The fi rs t 
cost is $54,346,000, which is an overall increase of about $2,200,000 
over plan 1. The benefit-cost ratio is 1.4 to 1, and the added 
increment has a benefit,-cost ratio of 0.3 to 1. By adding control 
gates to Bear Reservoir, the flood protection provided to the airport 
area is significantly increased to 100-year level of protection, and 
the flood protection to lower Bear Creek area is also doubled to 
50-year protection from that provided by alternative 1. Flood 
protect'j on to central Merced is also somewhat increased to about 
270-year protection; however, the north city area remains the same as 
that in Plan 1 (200-year). Increasing the level of flood protect'ion 
by a signif'icant amount for the two areas mentioned is a positive step 
in approaching the objective of providing a more ba'ianced degree of 
flood protection for the area.. Although the added increment is not 
completely justified economically, the economic justification of the 
entire plan is not compromised .. 

c. Plan 11. - The levee and cha.nnel improvements on Fahrens 
Creek pass through a highly developed urban and residential area, and 
the associated levees for 200-year protection are quite substanti al. 
The levee heights are at least 10 feet, and current policy is to 
provide SPF design in such areas where levee. failure would result in 
substantial damages and the possibility of loss of life. Therefore, 
plan ll., which provides the SPF level of deSign of 7,000 cfs on 
Fahrens Creek, was investigated. The overall first cost of this plan 
i s $~;6,486,000 and represents an increase over pl an 1 of over $4 
million with an incremental benefit-cost rat'io of 0.2 to 1. The 
benefit .. cost ratio is 1.3 to 1. Although SPF design is provided on 
Fahrens Creek, SPF protection is not attained for the north city area 
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because th"is area is subject to floodwaters escaping from Bear Creek 
and flooding behind the levee system on Fahrens Creek. Providing an 
SPF level of design on Fahrens Creek and having it out-flanked by 
floodflows from Bear CY'eek is inconsistent from a design standpoint as 
well as being undesirable. 

d. Plan 12. - By investigating the various combination plans, 
this plaii- was - developed by increasing the capacity of Haystack 
Mountain Reservo"ir to 5,800 acre-feet and Burns Reservoir to 22,600 
acre-feet, retaining a gated outlet on the 24,000 acre-foot Bear 
Reservoir, and utilizing a 7,100 acre-foot reservoir on Canal Creek. 
The channel capacities on Bear and Fahrens Creeks would be 6,500 and 
7,000 cfs, respectively. It ""as determined that SPF protection would 
be provided for the north city area as well as central Merced; 
lOO-year protection would be provided to the Merced airport area; and 
50-year protection would be provided to lower Bear Creek. Fahrens 
Creek has a dense stand of oak and other types of sizeable trees, as 
well as numerous sht'ubs and brush which provide habitat for various 
speCies of wildlife. Riparian habitat is relatively scarce in the 
area of the project and "is rapidly diminishing due to expanding 
agricultura"1 practices. A desirable feature of the project, meeting 
part of the envir'onmental qual ity objectives, would be preservation of 
the riparian habitat. This could be largely accomplished by 
constructing the levees so that the existing channel would be retained 
and st"ill provide the necessary capacity for the SPF design flow. 
This feature would also and preserve open space, which is in 
consonance with the city and county master plans. This alternative 
has a first cost of $57,380,000, wh"ich is over $4 million greater than 
plan 1 and has a benefit-cost ratio of 1.3 to 1. The incremental 
benefit-cost ratio is 0.6 to 1. This pilan was eventually chosen as 
the recommended plan. 

e. Plan 13" - This p"lan provides SPF protection to just the 
Melcced airportarea in addition to the central al'ea anel north city 
areas. The first cost of this aHernative is estimated at 
$61,988,000, an increase of about $10 million over plan 1, with an 
incrementa"\ benefit-cost ratio of 0.4 to 1. The incremental 
bel1ef"it-cost ratio of this addition over plan 12 is 0.07 to 1, which 
also represents a. poor ecorlOlnic increment for the added level of flood 
protection. Further eva"luation of this p"lan revealed that floodwaters 
from tile potential project must flow away from the area via the 
State's East Side Bypass. This bypass system is designed to contain a 
50·"year flood. Increasing the level of design to SPF on lower Bear 
Creek would be inconsistent with downstream capacities in the bypass 
and severely overtax this facility should the SPF occur. 

f. Plan 14. - Th"is plan would be the same as the channel works 
described--:ril-plan 13 but would have the levees extended to the East 
Side Callal. This plan would provide SPF protection to all areas 
protected by the project. The reservoir system as envisioned in pl an 
12 ,,"I ready prov"ides SPF to essentially all of the urban areas of 
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Merced. The on ly add it i ona 1 increment that cou ld increase the degree 
of protection for the Merced airport and lower Bear Creek would be to 
provide increased capacities of levee and channel improvements to 
these stream reaches. The first cost for this plan is estimated at 
$63,290,000 which is about S11 million more than plan 1. The 
incremental benefit-cost ratio over the NED plan is about 0.4 to 1; 
however, when comparing the incremental benefit··cost ratio from plan 
12 to this alternative, the incremental benefit-cost ratio is about 
0.1 to I, which is a poor economic increment. 

g. Plan 15. - This plan would be the same as plan 12 except that 
part of the flows in Canal Creek Basin would be diverted to the Merced 
River and the capacity of Castle reservoir would be reduced to 1,500 
acre-feet. This would reduce land requirements at the Castle site but 
add land requirements along the diversion to the Merced River. This 
pI an waul d provi de the same degree of protect i on but wou ld cost $4 
million more than plan 12 and have a benefit-cost ratio of 1.2 to 1. 
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CHAPTER VII - PLAN FORMULATION AND EVALUATION 

82. Gener~l an_~ forn!l:!li!tio!l_.Jl.l:.2.cedure_, - For the Merced County 
Streams project, plan formulation involved reanalysis of the authorized 
plan, preliminary analysis fOI' each stream group, deferral of some 
plans for future consideration, detailed study of alternative plans, 
selection of a p'l,m, and optimization and justification of that plan 
based on certa i n techni cal, econom'i c, environmenta 1, and soc i a 1 
criteria. Although not applicable to this project guidelines for the 
formulation process generally followed the Principles and St.andards 
dl'~veloped by t.he Water Resources Council and Y'el ated Corps of 
Engineers' regulations. The evaluation of preliminary altel"natives has 
already been discussed. Evaluation of the alternatives considered for 
the recommended pl an fo'llow. 

83. Plan formulation. - As described previously in Chapters V and VI, 
a number of plans, including the authorized plan, were given 
preliminary consideration for solution of the area's flood and re"lated 
water resouY'ce problems and needs. These a lternati yes included no 
action, nonstructural measures, structural measures, and combinations 
of structural and nonstructural measures. Pl an effects are accounted 
for in terms of their beneficial and adverse impacts on nat"lona1 
economic development (NED), environmenta.l quality (EQ), reg"lonal 
development (RD), and social well-being (S\~B). Four alternative plans 
have been fu lly deve loped from among the many i nves t i gated in the 
p'lanning process: (1) the authorized plan, (2) a National Economic 
D(~velopment or NED plan, (3) an Environmenta'\ Quality or EQ plan, and 
(4) a modi fied authori zed pl an. Deve lopment and presentat i on of NED 
and EQ plans are required by the Water Resources Council's PrinCiples 
and Standards. The four alternatives are presented in the following 
paragraphs. 

84. Alter!!at-lves,.2.elected for further ,§tud..l:' -

a. AuthorizedJli!'!. - The Flood Control Act of 1970 (Public: Law 
91,·611) authorized this plan for construction. As previously 
described, the Bear Creek Stream group consists of four gated 
reservoirs for flood control and recreation as the principal project 
purposes. This plan was developed using the procedures, costs" and 
i nteres t rates current at the time of authori zat i on" New construct i on 
of Castle and Halystack Mountain Reset'Voirs would be accompl'lshed 
together with the enlargement of existing Ilear and Burns Dams. Castle 
and Burns Reservoirs would tlCtve specific storage reservations for 
recreation use. The plan also included 20.6 miles of levee and channel 
modifications on Bear Creek. 

b. As mentioned previously, the aut.horized measures and other 
il.'lternati yes for I~ariposa Stream group and Deadman-Dutchman Stream 
group are currently not economically feasible at this t'ime and are 
being defern:d for further studies. The economic analysis fo'llows 
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current guidelines, procedures, and prevalent f"inancial costs that are 
appropriate to today's conditions. 

c. National Economic Development plan or_ NED plan. - Planning 
criteda used for evaluation generally followed the guidelines 
contained in Water Resources Council's "Principles and Standards (P&S) 
for Planning Water and Related land Resources," dated 1973. P&S states 
that, fOI' the NED plan, net f~conomic benefits shall be maximized. Net 
economic benefits are maximized when pi an scalle is optimized and the 
plan "is efficient. Scale is optimized when the benefits of the last 
increment (output for each mE!3SUre in the plan) equals the economic 
costs of that incrElllent. A plan is efficient when the outputs of the 
plan are achieved in a least costly manner. The NED plan developed in 
th"is study is characterized by the fact that other alternative plans 
will only reduce the amount of net excess benefits. It is the 
culmination of the comparison of the alternative systems previously 
described and selecting the one plan which has the greatest excess 
benefits. 

d. The NED plan of improvement for the Merced County Streams 
flood control project includes construction of two reservoirs, Castle 
and Haystack Mountain, and the enlargement of two reservoirs, Bear and 
Burns. They are a 11 earthfi 11 dams and have ungated outlet 
structures. Levee and channel impY'ovements would be constructed on 
Fahrens and Black Rascal Creeks, Bear Cl'eek, and Black Rascal Slough. 
These facilities are for flood control only. Total flood control 
capacity for the reservoirs is 53,100 acre,-feet. 

e. The levee and channel improvements on Fahrens and Black Rascal 
Creeks py'ovi de a 6,400 cfs capac ity with a degree of protect i on to the 
central and north portions of Merced at 250 and 200 years, 
respectively. However, the ~Ierced airport and lower Bear Creek areas 
would receive lower degrees of protection at 40 and 25 years, 
respectively. The capacity of the lower BearCreek improvements is 
6,500 cfs. 

f.. An additional construction item for this plan would be a 
drainage channel adjacent to and south of Bear Creek. This feature, 
which wi 11 serve to drain the area south of Bear Creek, would be 
located between the East Side Canal and the East Side Bypass. This 
channe'j is necessary to prevent any additional ponding in this area clue 
to the construc,tion of the lOVier Bear Creek levees. 

91" The NED plan inc"ludes wildlife mitigation measuY'es. These 
measures would be required due to adverse project impacts caused by the 
downstream levees on Bear Creek and were included 'in the NED plan. 
Large areas of marshl and exist adjacent to the East Side Canal. These 
marshlands have a very high wi ldl ife habitat value. An easement on 
2,800 acres would be acquirled to prevent any land use change. In 
addition, two wells and pumps would be 'installed to prov"ide water' to 
sustain the marshes since flows which previously flooded the area would 
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be contained between project levees. Large areas of marshland exist 
adjacent to the East Side Canal. These marshl ands have a very high 
wi'!dlife habitat value. An easement 011 2,800 acres would be acquired 
to prevent any 'land use change. In addition, three wells and pumps 
would be used to provide water' to sustain the marshes since flows which 
previously flooded the area would be contained between project levees. 

h. The recreation feature of the NED plan would consist of a 
(i-mile bicyc"!e trail system which would follow certain portions of 
Fahrens and Black Rascal Creeks channel improvements. Included in 
these facilities would be til/a staging areas containing picn'ic and 
parking facilities, The rect'eation features, except the staging areas, 
are located on lands acquired for flood control purposes. This is in 
conformance with the Veysey Rules, which anows certain support 
facilities to be located on lands to be provided in addition to lands 
required for flood control. 

i. The fonowing tabulation 'lists the features of the NED plan. 

NED Pl an 
Reservoir and Channel Improvements 

Reservoir Out] et Works _._----

Haystack Mtn .. 
Castle 
Burns 
Bear 

Channel 

2,500 
7,100 

19,500 
24,000 

F ahrens and Bl ack Rase al Creek 
Bear Creek and Black Rascal Slough 
Drainage Channel Adjacent to Bear Creek 

Ungated 
Ungated 
Ungated 
Ungated 

Capacity (cfs) 

6400 
6500 
9000 

Recreation Trail System: 6 miles w/picnic sites. 

EnviY-onmental Features: Easements on 2,800 acres for wildlife 
mitigation with facilities to provide water requirements. 

j. f!!.vil:on~_~ntal_Q.ualJ.!:.ulan. "' The P&S requires the systematic 
preparation and evaluation of alternative solutions to problems, under 
the objectives of National EconOl11ic Development (NED), as previously 
described, and Environmental Quality (EQ). P&S also requires that the 
impacts of proposed actions be displayed under four accounts: NED, 
EQ" Regiona"1 Development (RD), and Sociai! Well-Being (SWB). This is 
to insure that both beneficia"! ilnd detrimental effects are recognized 
so that an objective decision can be made 'in assessing alternative 
measures which are viable solutions to thE~ problem. 
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k. An interdisciplinary study team of District employees 
deve"ioped a list of environmental objectives specif'ic to the study 
area.. These environmental objectives are applicable to the 
formul ation and evaluation of the EO plan: 

(1) The plan should be formulated to the extent practicable 
to preserve and enhance the qual ity of the natural environment, 
specifically including fish and wildlife, vegetation, land, air, 
water, open space, and scenic and esthetic values .. 

(2) Detrimental environmental 
where possible, and feasible mitigation 
should be included. 

effects should be avoided 
for such unavoidable effects 

(3) The re'iationship of the PI'oposed action to land use 
pl ans shoul d be consi dereci, and the environmenta"i impact of any 
proposed action should be evaluated. Any adverse environmental 
effects which could not be avoided, if a proposal were implemented, 
should be identified; alternatives to slich proposed action should be 
identified; the relationship between local short-term uses and the 
mainten,'r1ce or enhancement of long-term productivity should be 
determined; and any in"eversible and irretrievable commitments of 
resources involved if a proposed action were implemented, should be 
identified. From this list, alternative measures were identified 
which maximized the environmental account. Implementable alternative 
plans were then developed to include CiS many of these envil'onmental 
objectives as possible and still achieve some leve"1 of improved flooci 
protection. The input and views of indiv'icluals of the U.S. Fish and 
Wi] dl i fe Serv ice and the Ca 1 Horni a Department of Fi sh and Game, who 
have a detailed knowledge of the study area, were obtained during this 
process. After reviewing the results, one p'lan was selected as the EO 
plan. Subsequent to its identification, additional environmental 
measures were added to furth(,!' increase the EO account. 

1. The EO plan includes the construction of Haystack Mountain 
and Castle Reservoirs and the enlargement of Bear and Burns 
Reservoirs. Channel improvements and levee construction along Fahrens 
and Black Rascal Creeks and Bear Creek and Black Rascal Slough were 
also inc"luded. To avoid increased ponding resulting from project 
levees in the area south of lower Bear Creek, a drain channel adjacent 
to and south of Ileal' Cl'eek between East S"ide Calnal a,nd East Side 
Bypass would be provided. 

m. The combined flood storage capacities for the four reservoirs 
amount to 55,900 acre",feet.. The improvements on FahY'ens and S"lack 
Rascal Creeks would provide a total flood carrying capacity of 7,000 
cfs, which would result in SPF protection to the adjacent urban area. 
Improvements on Bear Creek and Black Rascal S"!ough would provide 0, 
total capacity of 6,500 cfs, raising the degree of protection to the 
Merced airport and lower Bear Creek areas to 100 and 50 years, 
respecti vely. 
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n. The recreation aspects of the EQ plan would include a 15 mile 
trail system and a recreation pool at Castle Reservoir. The trail 
system would provide opportunities for hiking, bicycling, and 
eques tri an act i vit i es. Trail s wou I d be 1 oc ated on the 1 evees of the 
Fahrens and Bear Creek groups. Staging areas with parking faCilities, 
picnic sites, trail access ramps, and fishing access sites would be 
located at strategic locations. The recreation facilities at Castle 
Reservoir would include a seasonal 3,500 acre-foot pool, and day-use 
and fishing facilities would be developed. 

o. The fo'llowing tabulation lists the reservoir, channel" and 
recreat'ion improvements of the EQ pI an. 

EQ Plan 
Reservoir and Channel Improvement Aspect 

Reservoir 

Haystack Mtn. 
Castle 
Burns 
Bear 

Channel 

Size (acre-fe~JcL 

5,800 
3,500 

22,600 
24,000 

Fahrens and Black Rascal Creek 
Bear Creek and Black Rascal Slough 
Drainage Channel Adjacent to Bear Creek 

Recreation Facilities: 

Outlet Works 

Ungated 
Gated 
Ungated 
Gated 

Capacity (cfs) 

7,000 
6,500 
9,000 

Reservoir: Day""use and fishing facilities. 
Trail System: 15 miles, w/picnic sites. 
Lower Bear Creek: fishing access sites. 
East Side Canal: fishing access site. 

p. The elements discussed below represent the specific 
environmental quality aspects of the EQ plan. The actions include 
reestablishment and protection of habitat area, establishment of 
recreation and public access sites, specific management procedures, 
and purchase of 1 ands. 

q. Several measUY'es wOIjld be taken for enhancement of wildlife 
habitat at the reservoirs and adjacent 1 ands. At the reservoirs, 
cattle 9r'azing would be reduced and about 1,500 acres of selective 
plant i ngs placed to improve the vegeta t i ve cover and es t ab 1 i sh LIP 1 and 
habitat. At Castle Reservoir, in order to mitigate losses of riparian 
habitat due to 'inundation, about 25 acres of riparian habitat would be 
pUl'chased immediately downstream of the dam. Also, the upstream 
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reaches of Canal Creek would be planted to replace this valuable 
riparian habitat. The recreation pool at Castle Lake would be used to 
enhance warmwater fishery resources. At Haystack Mountain, Burns and 
Bear Reservoirs, small seasonal pools for wildlife of approximately 
40,100 and 100 acres respectively, would be provided. The ~Ierced area 
was once the original native range for the Tule Elk, a species whose 
population has been reduced to a few protected herds in the State. 
Public Law 94-389 provides for Federal participation in preserving the 
Tule Elk population in California. One Stat.e preserve for these elk 
is presently being maintained near Buena Vista Lake southwest of 
Bakersfield, California. To provide further acreage for these elk, 
the EO plan would include a fenced, 7.900-·acre preserve. The lands 
surrounding 8ear and Burns Reservoirs and the land between the 
reservoirs would be purchased in fee title for the preserve. Besides 
the upland habitat planting previously described, the preserve would 
have water sources for the elk. 

r. The stream courses and adjacent lands, particularly in the 
lower Bear Creek area, provide a variety of valuable habitat to native 
wi ldl ife, as well as nesting and feeding grounds for migrating fowl. 
Due to the high emphasis on agr'iculture in the Sa.n Joaquin Valley. 
wildlife habitat is steadily being converted to cropland. For this 
reason, extens i ve miti gation and enhancement measures are cons i de red 
to offset all adverse impacts due to project works. Where it is 
possible, the natural channels would be preserved. The land between 
the levees on lower Bear Creek would provide about 700 acres of 
preserved and created habitat. The 1 and between the Fahrens Creek 
1 evees wou 1 d prov ide about 180 acres of preserved and created 
habitat. The areas within the levees on lower Bear Creek and Fahrens 
Creek would be planted with selected native grasses, shrubs, and trees 
whi ch woul d create 300 acres of marsh, 130 acres of ri pari an and 70 
acres of upland vegetation. The marshland would be created by 
utilizing shallow borrow areas with selected plantings. The waterside 
slope of the levees would be planted with upland vegetation. Certain 
areas in the reservoirs and the reaches where the levees are far apart 
would also have structural controls, such as weirs so that these 
reaches cou'ld be utilized for ground water recharge. 

s. The marshes adjacent to lower Bear Creek and the East Side 
Canal and East Side Bypass would be adversely impacted because of the 
controlled flooding. Flooclflows which once overtopped the banks and 
fl owed overl and from Bear Creek on an almost annual basis would now be 
directed into the East Sid," Bypass by the completed project levees. 
The wildl ife qual ity of the marshes depends on these floodflows for 
flushing action. In order' that this habitat retain its existin!l 
quality, the EQ plan would provide outlet structures to be constructed 
in the levees along lower Bear Creek. These structures and a 
distribution system of channels would allow from 100 to 600 cfs til 
pass through the levees to the marshlands. 
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t. To accompl ish the above measures, the acquisition of the 
following parcels and their management as a wildlife refuge would be 
requ ir ed: 

(1) 650 acres between the lower Bear Creek levees. 

(2) 5, EiCiO acres at Bear and Bur ns Reservo i rs. 

(3) 2,400 acres between 8,=ar B.nd Burns Reservoirs foY' the 
Tule Elk preserve. 

(4) 5,EiOO acres of marsh and gl'asslands adjacent to lower 
Bear Creek and the East Side Canal. 

(5) 25 acres bordering Canal Creek below Castle Reservoir to 
protect riparian vegetation. 

u. ~odified authorj~~---21an. - The plan as described here is the 
culmination of the studies during advanced planning. The process 
Y'eviews the impacts where works are feasible (NED) and considers other 
social, environmental (EO), and regional attributes in the light of 
current pol icy vlith a v·iew toward modifying the authodzed pl an to 
provide the best possible plan. To a large extent, this plan is a 
combin at i on of the NED and EO plans with ,o.n object i ve to increase the 
flood protection in urban areas to reasonably high levels and expand 
the environmental considerations. 

v. A description of the modified authorized plan is as follows: 
The plan would consist of flood control facilities at four reservoirs, 
Castle, Haystack Mountain, Burns, and Bear. Bear Dam outlet works 
would be gated wili Ie the other dams would be ungated. Levee and 
channel construction would be along Bear Creek and Black Rascal 
Slough; Fahrens, Black Rascal and Cottonwood Creeks; and El Capitan 
Canal. Lands at the reservoirs would be acquired by flowage easement 
except for the areas committed to the dams and dikes which would be in 
fee title" l.ands for levee and channel improvements would be a 
combination of easement and fee title, also, 

w" The combined flood storage capacities of the four reservoirs 
Cilmolmts to 59,500 acre-feeL The impt'ovements on Fahrens and Black 
Rascal Creeks provides a total flood-carrying capacity of 7,000 cfs, 
9ivin9 an SPF level of protection to the adjacent urban area. 
Improvements on Bear Creek and Black Rascal Slough provide a total 
capacity of 6,500 cfs which yields a 100-year and 50-year level of 
protection for the Merced airport area and lower Bear Creek areas, 
respecthely. The drainage channel adjacent to and south of Bear 
Creel< will be included to prevent any possible additional ponding 
south of Bear Creek due to project levees. 

x" This plan includes features from the EO plan which would 
serve to miti gate project impacts. Between the levees on Fahrens 
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Creek, approximately 25 acres of marsh ponds wi 11 be created by 
uti lizing borrow areas and about 45 acres of riparian vegetation would 
be pI anted on and adjacent to the 1 evees and newly created 
marsh"1 ands. There are 1 arge marsh 1 and areas eas t of the Eas t Side 
Canal. These marshlands are currently sustained by Bear Creek 
f lood"i ng. The proj ect 1 evees south of Bert Crane Road waul d conta i n 
all flood flows up to a 50-year event, thus depriving the marshes of 
the periodic flooding. To mitigate for these impacts, a 2,800 acre 
easement would be acquired adjacent to the East Side Canal. Wells 
would be installed to provide water to sustain the marshes. 

y. For recreation, a 6-"mil e 
picnic sites would be included; 
Fahrens and Black Rascal Creeks. 
be found in Appendix C. 

bike trail system "lith parking and 
the trail will follow portions of 
More detai I data on recreat i on can 

z. The following table lists the features of the modified 
authorized plan. 

Modified Authorized Plan 
Reservoir and Channel Improvement 

Reservoir Si zej_i:tcre-f eet) 

5,800 
7,100 

22,600 
24,000 

Outlet Works 

Haystack Mtn. 
Castle 
Burns 
Bear 

Channel 

Fahrens and Black Rascal Creek 
Bear Creek and Black Rascal Slough 
Drainage Channel Adjacent to Bear Creek 

Ungated 
Ungated 
Un gated 
Gated 

Capac.i ty (cfs )" 

7,000 
6,.500 
9,000 

Recreation Trail System: 6 miles w/picnic sites. 

Environmental Features: 70 a"eres of newly created wildlife habitat 
between Fahrens Creek levees. Easements on 
2,800 acre easement adjacent to the East Side 
Canal for mitigation with facilities to 
provide water for marshes. 

85. Selection of recommende~.plan. -

a. Authorized pI all. - The authorized plan features in the Bear 
Creek group would provide only a minimum degree of flood protection, 
which is insufficient for an urban area, based upon detailed hydrology 
and hydraulics. Channel improvement measures were not included on 
Fahrens Creek, leaving a major flood problem in an urban area 
unresolved. Environmental measures for mitigation of project impacts 
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from constructi on of channel improvements were not included, as now 
required in clccordance with current evaluation procedures. The 
recreation features in this plan are no longer economically justified 
at the two reservoirs in this stream group. This plan would require 
the acqu"isition in fee title of about 7,900 acres for project features 
and about 900 acres of flowage easemenL 

b. NED plan. The National Economic Development plan, as 
previously descrfEied in paragraph 84, contains only those features and 
levels of flood control improvements wh"ich are incrementally 
justified, and with only the minimum acceptable wildlife mitigation 
necessary as a result of construction and operation of the project. 
Flood control improvements on Fahrens Creek do not provide standard 
project flood protection to northern Merced, desirable for an urban 
area. The degree of flood protection resulting from the reservoirs 
and channel improvements included in this plan vary from 250-year 
protection for the central city area to 40-year protection southwest 
of Merced, and only 25-year protection on lower Bear' Creek. This plan 
would require the aquisition in fee title of about 1,100 acres for 
project features and about 9,.100 acres for easements. Of thi s 9,100 
acres, 2,800 acr'es is a special wildlife easement to be provided by 
local interests 11t no cost to the Federal government. 

c. EQ __ EJ_Bn. - The Environmental Quality plan, as previously 
described in paragraph 84, would include project features that provide 
fOl' the maximum protection of existin!) wildlife habitat, planting 
additional habitat, and controlled management of 1 arge 1 and areas for 
wi ldl ife. A"lso included would be socia"1 measures to provide a uniform 
and high degree of flood protection and to expand outdoor recreation 
opportunities 'in the area for the public. Although this plan would 
provide a high degree of flood protection to the area and create 
abundant environmental values, there is no local sponsor will"ing to 
participate financially in the cost sharing for this scope of 
environmental measures. There are large costs and 1 imited economic 
return. Local inteY'ests would object to removal of land from private 
to public ownel"ship, resulting in a substantial tax loss. The lands 
to be acquired are presently agricultural lands and studies indicate 
they w"i 11 remain agricultural in the future. This purchase of 
adJoini 119 1 ands by the Federal Government would not alter the current 
land usage nor increase land values. In addition, local interests 
have strongly objected to any plan whh:h would include recreat"ion at 
any of the reservoir sHes. Therefore, this plan would not be 
responsive to the desires of local interests. This plan would require 
the acquisition in fee title of about 16,900 acres for project 
features and about 2,000 acres for flowage easements. 

d. ModHi~d authorized plan. - The modified authorized plan, as 
previolJs"ly described in para!Jraph 84, is the best overall plan. It 
provides SPF flood protection to the urban areas of Merced. It is 
acceptab"1 e to and has been endorsed by 1 Dca 1 sponsors. About 1,210 
acres would be acquired in fee title for construction of project 
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features, 7,200 acres would be included for flowage, easements and 
2,800 acres in easement for wildlife mitigation. The added increments 
of reservoir storage and channel flow capacities to provide SPF flood 
protection to Merced cost more than the economic benefit received and 
result in an incremental justification of about 0,,6 to 1. The 
negati ve incremental B/C ,rat io represents a normally accepted 
trade-off of economic efficiency for a greater degree of flood 
protection. This plan solves the urban flood problems in Merced and 
downstream areas of Bear Creek and provides the best solution to 
providing environmental protection and social well-being to the area. 
Therefore, this p"lan was selected for more detailed economic analysis 
and is presented as the recommended plan. As stated, the recommended 
plan, described in Chapter VIII, provides the best solution to the 
flood problems in and around Merced. Therefore, the recommended p"lan 
should be approved for detailed design for construction. 

70 





AL TERHAT I YES 

P LAN DES C RIP T I 0 H 

ACCOUNTS 

1. National Economic Development 

a. Beneficial 1f''\Pacts 

(ll Value of Increased Output of 
Goods and Servi ces 

(a) Flood Control 

1 b) Recreat i on 

(c) Fish and Wildlife 

(dJ NED Employment Benefj ts 

12l Total Annual Benefits 

b. Adverse Impacts 
(1) Total Project Fi rst Cost 

(2) Annual Project Cost 

c. Het Benefi ts 

2. Envi ronmental Qual i ty 

a. Envi ronmental Qual i ty Enhanced 

• III 

121 

131 

I~I 

Enhance Aesthetics of Area 
Protected from FJ ood i ng 

Preservation of Open Space 

Creation and Preservation of 
Wild1 ife Habitat 

Water Quality 

AUTHORIZED PLAN (BEAR GROUP) 

Enlarge Burns Reservoir to 30.000 acre
feet and Bear Reservoi r to lIt,AWO acre
feet storage capaci ty, and modi fy thei r 
outlet works to 'Include control gates. 
Construct new Haystack Mountain Reservoir 
wtth 3,000 acre-feet storage capacity. 
and Castle Reservoir with 11.500 acre
feet storage capaci ty. Both new reser
voirs will have control gates in their 
outlet works. Modify 20.6 miles of levee 
and channel on Bear Creek an d B1 ack Ras
cal Slough to improve its capacity to 
5.500 cfs. 

$ 3,880,000 

99~,000 

(Included in Recreation) 
260,000 

$ 5, 13~, 000 

$~1,585,000 

$ 3.356,000 

$ 1,178,000 

Same as Recommended Plan but to a much 
lesser extent since there are no project 
improvements in the Fahrens Creek area. 

At the reservoirs. acqui re 1.175 acres 
for recreation uses. Also. 200 acres 
would be used for fish and wildlife which 
were acqu i red for other project purposes. 
(1,6,9,12) 

Environmental lands acquired for other 
project purposes would be provided at the 
reservoirs (200 acres). (1,6,7,9,12) 

Same as EQ Plan with the addition of a 
recreation pool at Burns Reservoi r whi ch 
would have no significant impact. 

TA B L E 3 

SYSTEM OF Ace 0 U N T S 
(I October 1979 prices) 

NED PLAN 

Enlarge Burns Reservoir to 19,500 acre
feet and Bear Reservoi r to 21l..000 acre
feet storage capacity. Construct new 
liaystack Mountain Reservoi r w'lth 2 .. 500 
acre-feet storage capacity and Castle 
Reservoi r with !f"OOO acre-feet storage 
capac! ty. Improve channel capaci ty on 
Fahrens and Black RascaJ Creeks to 6.400 
cfs and on Bear Creek and Bl ack Rascal 
Slough to 6.500 cfs. Construct a drain
age channel adjacent to Bear Creek. Con
struct a 6-mile bike trail along portions 
of Fanrens and Black Rascal Creeks. Ac
qui re easements on 2,800 acres for miti
gation. 

$ 6,094,000 

62,000 

lillO, 000 

$ 6,596,000 

$71,310,000 

$ 5,370,000 

$ 1.226,000 

Same as Recommended Plan but to a lesser 
exten t. 

Acqui re conservation easement an 2,800 
acres adjacent to the East Side Canal. 
(1,6,9,12) 

Same as RecofllTlended PI an except that 
Fahrens Creek will be channelized with no 
wildlife plan. 

Same as Recommended PI an. 

EQ PLAN 

Enlarge Burns Reservoir to 22.600 acre
feet and Bear Reservoi r to 211-,000 acre
feet storage capacity. Modify the outlet 
works of Bear Reservoi r to include control 
gates, Construct new Haystack Mountain 
Reservoi r with 5.000 acre-feet storage ca
paci ty. Construct new Castle Reservoi r 
with :3.500 acre-feet storage capacity and 
control gates in the outlet works. Im
prove channel capacity on Fahrens and 
Black Rascal Creeks to 7,000 cfs and on 
Bear Creek and Black Rascal Slough to 
6,500 cfs. Construct a drainage channel 
adjacent to Bear Creek. Acquire 5,500 
acres for mitigation and enhancement and 
construct lower Bear Creek diversion 
structures. Construct 15.0 miles of bike 
trai 1 s along portions of Fahrens, Bl ack 
Rascal and Bear Creeks wi th picnic sites 
and construct day use and fishing facili
ties at Castle Reservoi r. 

$ 6,380,000 

395,000 

187,000 

610,000 

$7,572,000 

$98,260,000 

$ 7,505.000 

$ 67.000 

Same as Recommended Plan. 

Develop wildlife refuge by acquiring in 
fee title 5,500 acres adjacent to East 
Side Canal, 25 acres on Canal Creek below 
Castle Dam. 650 acres between levees on 
lower Bear Creek and 7.900 acres at Bear 
and Burns Reservoirs. Acqui re 180 acres 
between I evees on Fah ren s Creek. Acqu i re 
230 acres for recreation uses at Castle 
Reservoir. (1,6.9,12) 

Same as Recommended Plan except that 6,150 
acres wi 11 be purchased adjacent to the 
East Side Canal. Also. create a total of 
11}0 acres of marsh. riparian and upland 
habitat along lower Bear Creek. Purchase 
and maintain as a wildl ife refuge, 7,900 
acres at Bear and Burns Reservoi rs and 25 
acres below Castl e Dam. Also, develop ri
pari an habi tat on upstream reaches of 
Castle Reservoir and construct 240 acres 
of wildlife pools at Haystack, Burns and 
Bear Reservoi rs. 

Same as Recommended Plan except for the 
recreation pool at Castle Reservoir. 
Minor impact expected due to continual ir
rigation flows resulting in low temper
atures and nutrient content. (2,6,9,13) 

RECOI~MENDED PLAN 

Enlarge Burns Reservoir to 22.600 acre
feet and Bear Reservoi r to 2J.1.,OOO acre
feet storage capacity. Modify the outlet 
works of Bear Reservoir to include con-
trol gates. Construct new Haystack Moun-
ta i n Reservo i r wi th 5.800 ac re-feet and 
Castle Reservo! r with 7,100 acre-feet 
storage capacity. Improve channel capac
i ty on Fahrens and Black Rascal Creeks to 
7.000 cfs and on Bear Creek and Black 
Rascal Slough to 6.500 cfs. Construct a 
drai nage channel adjacent to Bear Creek, 
Construct a 6-mile bike trail system with 
picnIC sites along portions of Fahrens 
and Black Rascal Creeks. Acquire ease
ments on 2.800 acres for mitigation. 

$ 6,380,000 

62,000 

500,000 

$ 6, 9ij2, 000 

$81,100,000 

$ 6.093,000 
$ 8ij9,000 

El iml nates floo,jing on about 11.9,000 acres 
for. tha SPF event, of which about 13.000 
are residential and commercial develop
ment. (2,6.9,13) 

Acqu i re con se rva t ion easemen t on 2,800 
acres adjacent to the East Side Canal and 
purchase lBO acres along Fahrens Creek. 
(1,6,9.12) 

Preserve by easement 2,800 acres of marsh 
and associated grassland adjacent to the 
East Side Canal. Create a total of 70 
acres of marsh and riparian habitat and 
preserve 110 acres of grassl and a10ng 
Fahrens Creek. (2,6,9,12) 

Detention type reservoi rs have flO signl f
icant impacts on water quality. (2,6,9, 
12) 

Index of Footnotes 

Timing 

1. Impact is expected to 
occur prior to or dur 
implementation of the 
plan. 

2, Impact is expected wi 
in 15 years following 
plan implementation. 

3. Impact is cxpf'ct-ed in 
longer time frame (15 
or more years followli 
implementation) . 

Uncert<linty 

4. The IJnceriainty assoc 
<lted wi th the impact' 
50% or morc. 

5. The uncertainty is be 
tween 1 DO{. and 50','L 

6. The uncertainty is IC1 
than 10%. 

Exclusivi ty 

7. Overlapping entry; fu 
monetized in NED acc(){ 

8. Overlapping entry; no. 
fully monetized in NEJ. 
account 

Actuality 

9 Impact will occur wit! 
implementation 

10 Impact will occur anI} 
when specific additior 
actions are carried ot. 
during implementation. 

11. Impact will not occur 
because necessary add; 
tiona] actions are lat 
i11g . 

Location of Impacts 

12. Within the immediate 
planning area 

13. Within the study area, 

14. Within a larger area a 
fecled by the project. 

15. Within the rest of the 
nation. 

Section 122 

*Items speci fically required 
Section 122 and ER II05~2~2 
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AL TERNAT I VES 

b. Envi ranmental Qual i ty Degraded 

*{lj Vegetation lost Due to Proj
ect Construction 

*(2) Soil L,ost Due to Project 

(3) Air Quality 

*(~) Vegetation Lost or Degraded 
by Inundation 

3. Social Well Being 

8. Beneficial Impacts 

(1) Enhancement of Safety and 
Community Well Being 

• 121 

131 

141 

• 151 

Improvement '01' Cornmun i ty 
Cohesi on 

Enhancement of Health 

Transportation 

Improvement of leisure Ac
tivities and Public Facili
ties 

b. Adverse Impacts 

• 111 Disruption of Community 

121 Displacement of People 

()I Disruption of Transportation 

"'(lj.) Disruption of Cultural 
Resou rees 

(5) Nol se 

AUTHORIZED PLAN (BEAR GROUP) 

Construction would convert about 780 acres 
of grassland. 50 acres of riparian vegeta
tion, 60 acres of agricultural land and 90 
acres of marsh land to levees, channeliza
tion, darns and spoil areas. (1,6,9,12) 

Same as Recommended Plan but to a lesser 
extent - no work in Fahrens Creek area. 

Same as Recommended Plan but to a lesser 
extent - no work In Fahrens Creek area. 

1,650 acres of riparian vegetation and 
valley grassland could be affected at the 
recreation reservoir sites. (2,6,9,12) 

Same as Recommen'ded PI an bu t to a mu ch 
lesser extent without Fahrens Creek im
provements, leaving the northern portion 
of Merced wi thout adequate flood protec
tion. 

Same as Recommended Plan but to a much 
lesser extent without Fahrens Creek im
provements, leaving the northern portion 
of Merced wi thout adequate flood protec
t i on. 

Same as' Recommend ed Plan bu t to a mu ch 
lesser extent without Fahrens Creek im
provements, leaving the northern portion 
of Merced wi thout adequate flood protec
t ion. 

The degree of flood protection to trans
portat.ion in specific areas is as follows: 
central Merced, BO-year; north Merced, 
none; ai rport, aD-year; lower Bear Creek 
area below Crocker Dam, 50-year. (2,6,9, 
13) 

Facilities to support major boating and 
other water related activities would be 
constructed at Castle and Burns Reser
voirs. (1,6,8,9,12) 

Generally the same as Recommended Plan. 

Same as Recommended Plan. 

Same as Recommended PI an. 

Same as Recommended Pl an. 

Same as Recommended Plan. 

TA B L E 3 

SYSTEM o F ACCOUNTS 

(Continued) 

NED PLAN 

Same as Recommended Plan except that 1~ 
additional acres of riparian habitat will 
be lost due to channel ization of Fahrens 
Creek without setback levees. 

Same as Recommended Plan. 

Same as Recommended Pl an, 

Same as Recommended Plan. 

Same as Recommended Pl an bu t to a 1 esse r 
extent. 

EQ PLAN 

Construct 1 On waul d convert 820 acres of 
9 ras sl and, 40 acres 0 f r i par i an vegeta
tion and 350 acres of agricultural lands 
to levees, channelization, dams and spoil 
areas. (1,6, 7, 9, 12) 

Same as Recommended Plan. 

Same as Recommended Plan. 

Same as Recommended Plan in addition to 
6l!.O acres of riparian, grassland and ag
ricultural vegetation due to the recrea
tion pool at Castle Reservoir and the 
wildlife pools at Burns, Bear and Hay
stack Reservoirs. (2,6,9,12) 

Same as Recommended Plan. 

Same as Recommended Plan but to a much Same as Recommended Plan. 
lesser extent. 

Same as Recommended Plan but to a lesser Same as Recorrrnended Plan. 
extent. 

The degree of flood protection to trans- Same as Recommended Plan. 
portation in specific areas is as follows: 
cen tra1 Merced, 250-year; no rth Merced, 
200-year; ai rport, 4-O-year; lower Bear 
Creek area below Crocker Dam, 25-year. 
(2,6,9,13) 

Same as Recommended Plan. This plan provides a 15.0-mile trail sys
tem for hiking, bicycling and equestrian 
activities along Fahrens, Black Rascal 
and Bear Creeks, with parking facil ities, 
picnic sites and trail access ramps at 
strategic locations. Also, maintains a 
3.500 acre-foot pool at Castle Reservoir 
for day use and fishing. (1,6,7,9,12) 

Same as Recommended Pl an. Same as Recommended Plan. 

Same as Recommended Plan. Same as Recommended Plan. 

Same as Recommended Pl an. Same as Recommended Plan. 

Same as Recommended Plan. Same as Recommen ded Pl an . 

Same as Recommended Plan. Same as Recommended Plan. 

RECOMMENDED PLAN 

Construction would convert 905 acres of 
grassland, 1.t.5 acres of riparian vegeta
tion, :320 acres of agricul tural land and 
25 acres of marsh to 1 evees. channel i za
tion. dams and spOil areas. (1,6,7,9,12) 

Top soil will be disturbed at construc
tion, borrow and spoil sites. (1,6,9,12) 

Short term degration of air qual ity caused 
by dust and emi ssions from heavy equ i pment 
during project construction. (1,6,9,13) 

511-5 acres of riparian and grassland vege
tation could be affected by the gated Bear 
Reservoir. (2,4.8,10,12) 

Provide standard project flood protection 
to most of the city of Merced, thereby 
safeguarding human 1 i fe, personal proper
ty, and residential development. (2,6,9, 
13) 

Flood evacuation would be e1 iminated in 
Merced. £1 iminate the need for the flood 
proofing measures for new and replacement 
structures where lOO-year or greater pro
tection is provided. (2,6,9.13) 

Flood prOjection afforded by this plan 
would reduce disease hazards which arise 
from flooding of water systems, sewage 
facil i ties and ponding of water. (2,6,9, 
13) 

The degree of flood protection to trans
portation in specific areas is as follows: 
central Merced, :3:30-year (SPF); north 
Merced, .3.30-year (SPFJ; ai rport, lOO-year; 
lower Bear Creek area below Crocker Dam, 
50-'year.. (2,6,9,13) 

A 6-mile bike trail system which follows 
portions of Fahrens and Black Rascal 
Creeks will be included in this project, 
with parking facilities, picnic sites and 
trai} access ramps at strategic locations. 
(1,6,7,9,12) 

Two residential structures and four barns 
would have to be relocated. (1,6,7,9,12) 

Project construction would temporariTy 
displace eight individuals. (1,6,7,9,12) 

Levee and channel work may requ i re rerau t
iog of adjacent roadways. Bridge modifi
cations would result in temporary closures 
of these faci 1 i ti es and tempo rary cross
ings would be required at nearby loca
tions, resulting in some inconvenience and 
delays for travelers. (1,5,8,9,12) 

18 known cultural sites would be disturbed 
by periodic inundation and/or construction 
of two reservoir sites. (1,6,9,12) 

Heavy construction equl pment wi 11 increase 
noise levels in the project area during 
project construction. (1,6,9,12) 

Index of Footnotes 

Timing 

1" Impact is expected to 
occur pr i or to or dUL 

impit:mcntation of the 
plan. 

2. Impact is expected wi; 
in 15 yeacs following 
plan implementation. 

3. Impact is expected in 
longer l"imc frame (15 
more years following 
implementation) . 

Uncertainty 

4. The uncertainty assoC. 
a ted wi th the impact 
50% or more" 

5. The uncertainty is be 
tween 10% and 50%. 

6. The uncerta_inty is leI 
th?,n 1 OJ'';'. 

Excluc;ivi ty 

7. Overlapping entry; Eu 
monetized in NED accO! 

8, Overlapping entry; no 
ful.ly moncf:izcd in NEl 
accoun t. 

ActuaU ty 

9. Impact will occur wit-! 
implementation. 

10. Impact w_i 11 occur onl) 
when specific additiol 
actions are carried 0, 
during implementation 

11. Impact will not- OCCUr 

hecause necessary add 
tiona1 act-ions arc 1al 
ing. 

Location of Impacts 

12. Within the immediate 
planning area. 

13, Within the study area 

14, Within a lar"ger area 
fec ted by the project 

15, Wi thin the res t of th, 
na t ion. 

Sect.ion 122 

*Items spec.ifically requirc( 
Section 122 and ER 1105-2~; 



ALTERNATIVES 

J.l.. Regional Development 

a. Beneficial Impacts 

"(1) Value of Increased Income 

*(2) Quantity of Increased 
Employment 

(3) Increased Business and 
Industrial Activity 

(!f.) Land Use 

b. Adverse Impacts 

·(1) Value of Income,l,.ost 

(21 Land Use 

AUTHORIZED PLAN (BEAR GROUP) 

Increased retail sales during five'~year 
construct jon period would increase local 
tax revenue by about $12,OQO annually. 
Addi tional retai 1 sal es expected due to 
activity associated with recreation at 
Castle and Burns Reservoirs. (1,5,8,10, 
13) 

Estimated 31 skilled blue collar, 25 un
skilled blue collar and 11 other than 
blue collar workers would be acqui red 
from the local labor force during a on8-
year construction Period. (1,6,7,9,12) 

Local retail sales increased $8.30,000 an
nually during construction. Local rec
reation oriented business should in
crease. (1,5,8,10,13) 

Srune as Recommended Plan but to a much 
lesser extent. 

7,860 acres taken from county tax rolls 
would decrease county tax revenues. 
(1.6.7.9,12) 

Present land use will be affected by pur
chase and easement on 8.520 acres of 
grassland. 230 acres of wildl ife habitat 
and 55 acres of agricultural land. 
(1.6,8,9.12) 

TABLE 3 

SYSTEM OF ACCOUNTS 

(Continued) 

NED PLAN 

Increased ratai 1 sales during five-year 
construction per·lod would increase local 
tax revenue by about $21,000 annually. 
(1.5,8,10.13) 

Estimated 18 skilled blue collar, 15 un
skilled blue collar and 7 other than blue 
co 11 ar wo rkers wou 1 d be acqu i red from the 
local labor force during a one-year con
struction period. (1,6,7,9,12) 

Local retail sales increased $1.l.j.(}O,OOO 
annually during construction. (1.5,8,10, 
13) 

Same as Recommended Plan but to a lesser 
extent. 

1.740 aCres taken from county tax rolls 
would decrease county tax revenues. 
(1,6,7.9.12) 

Present land use will be affected by pur
chase and easement on 5.495 acres of 
grassland, 285 acres of wildlife habitat 
and 1,185 acres of agricultural land. 
11.1 so, future uses on easements of 2,800 
acres will be restricted to those cur
rentlyexisting. (.l,6,8,9,12) 

EQ PLAN 

Increased retail sales during five-year 
construction period would increase local 
tax revenue by about $29,000 annually. 
Additional retail sales expected due to 
activity associated with recreation at 
Castle Reservoir. (1,5,8,10,13) 

Estimated 26 skilled blue collar, 21 un
skilled blue collar and 9 other than blue 
collar workers would be acquired from the 
local labor force during a one-year COn
struction period. (1,6,7,9,12) 

local retail sales increased $1.900,000 
annually during construction. local rec
reation oriented busine5S should increase. 
(1.5.8.10.13) 

Same as Recommended Plan. 

16.970 acres taken from county tax rolls 
would decrease county tax revenues. 
(1.6.7.9,12) 

Present land use will be affected by pur
chase and easement on 11,195 acres of 
grassland, 5,785 acres of wildT ife habitat 
and 1,!/'75 acres of agricul tura1 land. 
0.6.8.9.12) 

RECOMMENDED PLAN 

Increased retail sales during five-year 
construction period would increase local 
tax revenue by about $24,000 annually. 
(1.5,10.13) 

Estimat.ed 22 skilled blue collar, 18 un~ 
skilled blue collar and 8 ot.her than blue 
collar workers would be acqui red from the 
local labor force during a one-year con
structiOn period. (1,6,7,9,12) 

Local retail sales increased $1,300,000 
annually during construction. (1,5,10,13) 

£1 iminate or reduce flooding on approxi
mately 11.000 acres of cultivated agri
cul tural 1 ands, 13,000 acres of urban 
lands and 2~,OOO acres of grasslands. 
(2,5,8.9,13) 

1,200 ac res taken from coun ty tax ro 11 s 
would decrease county tax revenues. 
(1,6,7,9.12) 

Present land use will be affected by pur
chase and easement on 6,650 acres of 
grassland, 175 acres of wildl i fe habitat 
and 1.100 acres of agricultural land. 
Also, future uses On easements of 2,800 
acres wi 11 be restricted to those cur
rentlyexisting. (1,6,8,9.12) 

I ndex of Footnotes 

Timing 

1. Impact is expected to 
occur pr ior to or dUJ" ing 
implementa t.ion of the 
plan. 

2. Impact is expected wi th
in 15 ycars following 
implementati.on. 

3. Impac t is expected in i1 

longer time frame (15 or 
morc years following 
impl emen ta tion. 

Uncer tain ty 

4. TIle uncertainty associ c 

ated wi th the impact is 
50% or more. 

5. The uncert<Jinty is be
tween 10% [/nd 50%. 

6. The uncert"ain ty is less 
than 10%. 

Exclusivity 

7. Overlapping entry; fully 
monetized in NED account. 

8. Overlapping entry; not 
fully monetized in NED 
accaun t. 

Actuality 

9. Impact wi.! I occur with 
implementoUon. 

10, Impact will occur only 
when specific addil:ional 
actions are carried out 
during implemcntatiofL 

11. Impact will not occur 
because necessary addi
tional actions are l[jck~ 

ing, 

!..ocation of Impacts 

12. Wi thin the immediate 
planning area. 

13. Wi thin the study area. 

14. Wi thin a larger area a[~ 
fee ted by the project. 

15. Wi thin the rest of the 
nation. 

Section 122 

*Items specifically required i.1 
Section 122 and ER 1105c2~240 



CHAPTER VI II - DETAILS OF RECOM~lENDED Pl.AN 

86. General. - The recommended pl an consists of four reservoirs and 
associated channel and levee construction on Bear Creek and its 
tributaries, as well as a cirainage channel adjacent to and south of 
Bear Creek below the East Side Canal (see Plate] II). Of the four 
reservoirs, two would be neVi and ungated; Castle Reser'voir located on 
Canal Creek and Haystack Mountain Reservoir, located on Black Rascal 
Creek. The remaining two would consist of enlatgement of the existing 
ungated reservoir located on Burns and Bear Creeks. Bear Reservoir 
waul d be provi ded with a gated outl et. 

87. NeVI channel enlargement and levee construction would be provided 
on Bear and Fahrens Creeks, and backwater 1 evees wOlild be pY'ovi ded on 
B1 ack Rascal Creek, Cottonv/Ood Creek, and El Capitan Cana-I. B1 a.ck 
Rascal Creek, Cottonwood Creek and E1 Capitan Canal all have a lO-year 
flood flow less than 800 cfs which, according to Ef! 1165-2-21, WQu-ld 
require any flood control works be constructed by -I Deal interests. 
However, in this case the proposed work is required to provide 
protection from backwater conditions arising from modifications made 
to Fahrens Creek. The impr'ovements on Fahrens Creek total about 6 
miles and include its tributaries. The work along Bear Creek would be 
divided into two reaches with Bert Crane ROo_d as the approximate 
boundary. Below Bert Crane Road, the natural channel would be 
retained and a bypass would be constructed south of and adjacent to 
Bear Creek betweem the East Si de Canal and Bert CrarH, Road. Above 
Bert Crane Road the exi sti rig channe 1 s and -I evees of Bear Creek and 
B1 ack Rascal Slough would bee enl arged, extending up to Crocker Dam. 
Minor construction would be required on Bear Creek above Crocker Dam 
and would include enlal~ging the reach bet.ween the dam and the 
confluence of Fahrens Creek, as well as a 2,500-foot reach upstream. 
The modifications to the Fa.hrens and Bear Creek systems Vlould have 
environmental and recreational features which are discussed in later 
paragraphs. In addition, a drainage channel Vlould be construct.,d 
adjacent to and south of Bear Creek between the East Side Canal and 
the Eastside Bypass. A summ"ry of the plan features and their' design 
capacities follows: 

Reservoirs 

Castle 
Haystack 

Mountain 
Burns 
Bear (gated) 

RESERVOIRS 

- Storage ------:-OuCfet -Capa-city---
Stream Capac; ty J a<:::f!L;at ...§.I:().s~)oo 1 J cfjJ 

Canal Creek 

Black Rascal Creek 
Burns Creek 
Bear Creek 

74 

7,100 

5,800 
22,600 
24,000 

570 

450 
350 

2,000 
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Stream 

Bear Creek 

Bear Creek and Black 
Rascal Slough 

Bear Crl=ek 

Bear Creek 
Fahrens Creek 

F ahrens Creek 

Black Rascal Creek 

Cottonwood Creek 
El Capitan Canal 
Drain Channel Adjacent 

to Bear Creek 

--------

LEVEES AND CHANNELS 

Reach 
Length 
Mi 1 es 

East Side Bypass to 
Bert Crane Road 

Bert Crane Road to 
Crocker Dam 

Crocker Dam to 
ATSFRR Bri dge 

W. 16th Street - upstr. 
Bear Creek to 

Cottonwood Creek 
Cottonwood Creek -

Upstream 
Fahrells Creek to 

G Stl'eet 
Above F ahrens Creek 
to SPRR 
East Side Bypass to 

East Side Canal 

4.0 

16.9 

0.6 

0.5 
3.4 

0.7 

1.6 

1.1 
0.9 
3.7 

Design Flow 
Capacity (cfs) 

6,500 

6,500 

7,000 

7,000 
7,000 

6,300 

1,800 

1,900 
negligible 
9,000 

88. Site selection. - Two new dams and the enl argement of two 
existing dams are -included in the recommended plan. The existing 
reservoirs are Beal' Reservoir on Bear Creek and Burns Reservoir on 
Burns Cr'eek. The new reservoirs are Haystack Mountain Reservoir on 
Bl ack Rascal Creek and Castle Reservoir on Canal Creek. The 1969 
review report considered alternative sites on these streams, but the 
sites either lacked sufficient storage capacity, failed to 
sufficiently contY'ol streamflow, or lacked feasibility. Field 
conditions have not materially changed at these sites except at Castle 
Reservoir. Orchards have been located at the authorized Castle 
damsite. A more economical site has been selected, which is located 
1-1/2 miles upstream from the authorized site. The storage capacity 
waul d be reduced from the authori zed size of 11,500 acre-f eet to 7,100 
acre-feet. The larger storage capacityi s no longer feasible or 
required for recreation. 

89. Site review. "' Annual field inspections have been made of the 
eXistingtwo-dams. A field review of thl= four sites was made to 
establ ish their adequacy and a review conference was held. The 
sel ected sites are the only appropr"i ate Diles and are cons i dered to be 
adequate for construction. More extensive field exploration and 
material testing will be accomplished during the phase II studies 
wh"ich will determine the necessary construction detail to insure a 
safe project. 
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90. Oams.-

a. Castle Dam. - Castle Dam, located on Canal Creek about 4 
miles upstream from Santa Fe Drive, would be a zoned earthfill 
structure creating a reservoir with a storage capacity of 7,100 
acre-f eet and a gross pool area of 780 acres. The main dam waul d be 
about 2,250 feet long with a crest width of 20 feet. The crest 
elevation of 220.5 feet mean sea level (m.s.l.) would be about 52.5 
feet above the core trE~nch bottom. The embankment· sect i OilS woul d 
inc1 ude a central impervious core, upstream and downstream transition 
zones, a downstream vertical drain with a horizontal drainage blanket, 
and random fill. The upstream slope would have riprap pr'otection 
while the downstream slope would be seeded. A 4,090-foot homogeneous 
random fill dike also would be included. 

b. Haystack Mountain Dam. - Haystack Mountain Dam, located on 
81 ack Rascal Creek about 4 mil es upstream from Bear Creek, would be a 
zoned earthfill sty'ucture creating a reservoir with a storage capacity 
of 5,800 acre-feet and a gross poo·1 area of 425 acres. The dam would 
be about 2,300 feet long wHh a crest width of 20 feet. The crest 
el evation of 313 feet msl would be about 78 feet above the core trench 
bottom. The embankment sections, like Castle Dam, would include an 
impervious core, transition zones, a drain, and random fin. The 
upstream slope would have riprap protection while the downstream slope 
would be seeded. 

c. Burns Dam. - Burns lJam, located on Burns Creek about 3 mi"les 
upstr'eam from Bear Creek, Vlould be an enl argement of the existing 
earthfill structure so as to create i! reservoir having a storage 
capacity of 22,600 acre--feet and a gross pool area of 1,500 acres. 
The main dam and dikes would be about 19,670 feet long with a crest 
width of 20 feet. The crest elevation of 334.5 feet m.s.l. would be 
about 68 feet above the core trench bottom. Ouri ng constructi on, the 
top 3.5 feet of the existing dam and 1 foot of the upstream and 
downstream slopes would be removed and repl aced with embankment built 
up about 18 feet. The new upstream face would be an extension of the 
existing slope, so that the bulk of the construction, consisting of 
random fill and a sandy, gravel drain, would be on the downstream 
side. This would result in the dam axis being shifted 45 feet 
downstream. Both upstream and downstream slopes would be seeded. 

d. Bear Dam. - Bear Dam, 1 oc ated on Bear Creek jus t upstream of 
the Merced County line, would also be an enlargement of the existing 
earthfil1 structure so (IS to create a reservoir having a stOl'age 
capacity of 24,000 acre-feet and a gross pool area of about 550 
acres. The main dam wou·ld be about 3,165 feet long with a crest width 
of 20 feet. The crest elevation of 480.5 feet m.s.l. would be about 
138 feet above the core trench bottom. Our i ng construct ion, about 22 
feet of matel'ial from the existing crest to the top of the transition 
fill, the downstream toe" and 1 foot of the upstream and dOll'lrlstream 
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slopes wou 1 d be removed and replaced with new materi a 1. The axi s of 
the new dam would coincide with the old dam. The new embankment 
sections would include an impervious core, transition zones, a drain, 
anel sandy gravel fill. The upstream s"lope would have riprap 
protection while the downstream slope would be seeded. In addition, a 
dike with simi1 ar earthfill zones would extend over the existing 
spillway on the ri ght abutment. 

91. ~pj ~ways. -

a. Castle Dam. - The p1i!fchecl spi"l"lway at Castle Dam wou"ld be 
located on the right abutment with a crest elevation of 212.5 feet 
m.s.l., which is 1.5 feet above the gross pool. The concrete control 
sill is 2.5 feet above the approach channel and would be 300 feet wide 
and extend 8.5 feet downs tream. The 800-foot-long approach and 
860-foot-long discharge channels would be unlined and have a maximum 
cut of ,~O feet. Spins would occur only during very rare events, less 
frequent than the SPF. Ouri ng such events there may be erosi on 
downstream of the dam, but it would not endanger the darn and reservoir 
if such an event does occur. 

b. Hays tack Mounta in Dam. - The perched spi 11 way at Hays tack 
Mountain Dam would be located on the left abutment with a crest 
elevation of 305 feet m.s."I., or 6.0 feet above gross pool. The 
concrete controls ill woul d be 210 feet w"i de and extend 20 feet 
downstream. The 400-foot-long approach channel and 570-foot·-long 
discharge channels would be unlined and have a maximum cut of 40 
feet. Spills would be s"imilar to Castle Dam in probable frequency if 
not rarer and would create possible downstream erosion. 

c. Burns Dam. - The existing spillway, chute, and flip bucket 
1 ocated ont~ ri ght abutment woul d be repl aced wi th a new 
53-foot-w"ide concrete ogee section with a crest elevation of 315.0 
feet m.s.l., which is equal to the gross pool. The last 65 feet of 
the approach channel and the 130-foot-long chute are concrete 1 ined. 
A 53·· by 77-foot stilling basin with a riprapped downstream exit 
channel would also be provided. 

d. Bear Dam. - The ex"isting spillway near the right abutment 
would be abandoned and repl aced with a new spillway about 250 feet 
from the ri ght abutment of the enl arge.d darn. It woul d be an agee 
control section 90 feet wiele with a crest elevation of 455.0 feet 
m.s.]., which is equal to the gross pool. The unlined approach 
channel would be 1,400 feet long with a maximum cut of 55 feet. The 
concrete-lined chute, which is 96 feet 1 Orl(j , would discharge into a 
90- by 1l0··f oat s t i 11 i ng bas i n with 8.n dpron el evati on of 388.0 
m.s.l. Riprap would be provided on the exit side of the stilling 
basin for about 600 feet. 
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92. Outlet works. -

a. Castle Dam. - Castle Dam would ha.ve an ungated riser "intake 
structure at the toe of the dam near the "I eft abutment. It would be a 
21.5-foot- high rectangul ar tower w'lth a 2- by lo5-foot port at 
elevation 183.0 to allow flood control releases of about 100 cfs at 
elevation 202.5 (riser crest). At the crest of the riser, flows would 
be directed in from one side vlhien would have an open width of 5 
feet. A gated irrigation bypass would anow up to 500 cfs of Canal 
Creek fl ow to conti flue downstream duri rig the i rd gat! on season without 
appreCiable backwater. The irrigation bypass, would have a 51 ide gate 
whi eh waul d be oper ated from the top of the rl ser" Th"i 5 bypass waul d 
be opended at the onset and closed at the end of the irrigation 
season. The rectangular riser transitions through a 90 degree bent to 
a 7.0 foot diameter cut-and-cover reinforced concrete conduit. The 
conduit discharges into a 22 foot wide by 30 foot long impact basin. 
The impact basin exit channel would have riprap protection for at 
least 30 feet downstream. 

b. Haystack Moun!~i.I1 D1~. - Haystack Mounta"in Dam would have an 
ungated riser intake structure at the toe of the dam near the right 
abutment. It would be a 37.5-foot-h"igh rectal1~lular tower with a 3.9,
by l·,foot port at elevat"iol1 265 to allow flood control releases of 
about 100 cfs at elevation 296.5 (risel' crest). At the top of the 
riser, flows would be directed in from two sides which have a width of 
17.25 feet. The rectangular riser conduit would transition into a 
5. 75-f oot-di ameter concrete conduit and di scharge i nta a 29·· by 
39-foot impact basin. The impact basin exit channe.l would have r"iprap 
protection 40 feet downstream of the basin" 

c. Burns Dam. - The e)dstil19 double box conduit would not be 
structurally adequate for an enl ar[Jed Burns Dam embankment. 
Consequently, it would be replaced with a 3.75-foot-diameter ungated 
concrete condu it at the same "I oc at ion. A rei of oY'ced concrete ty' ash 
rack would be provided at the intake. The outflow would be dischal'ged 
into a 24- by 32-foot impact basin. The impact bas"in exit channel 
would have riprap protection for a distance of 30 feet downstream of 
the basin. 

d" Bear Da'll. - Design of the outlet works was based on retention 
of most of the ex is ti ng 7 -f oot di ameter conduit and des i gn of a new 
intake and energy dissipator. The intake would be gated and would 
consist of a dual passage, with each passage containing a service and 
emergency sl ide gate and a bulkhead gate slot a1 the entrance. A 
single bulkhead gate would be provided fo, lise in either passage. A 
log rack prevents 1 arge debri s from enteri ng the conduit. The outlet 
works was designed based on retention of the existing 7-foot diamet,:;r 
conduit and is capable of discharging 1,950 at gross pool w"ith 
maximum head loss assumpt'ions, wh"ih' the stilling basin was designed 
for a discharge of 2,300 cfs at gross pool and minimum head loss 
assumptions. The 142-foot- ]0119 stnnng basin ha.s all exit channel 
with a 1 vertical on 10 horizontal upwanj slope, protected by riprap 
on the floor and side slopes. 
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93. Levees and Channels. -

a. Bear Creek below Bert Cr'ane Road. - Between the East Side 
Canal and Ber't Crane Road, a distance -or-about 4 miles, a 6,500 cfs 
capacity leveed bypass channel with an aver'age width of about 340 feet 
would be provided. Material for the levees would come from the 
channel excavation. Under project conditions the current floodflows 
would be controlled and normally unavailable for sustaining the nearby 
permanent and seasonal marshlands. The marshlands depend on the 
periodic recharge for their maintenance. To sustain the m,arshes, 3 
wells would be provided to provide water to these marsh areas when 
needed. In addition, a drainage channel would be provided adjacent to 
and to the south of Bear Creek between the East Side Bypass and the 
East Side Canal to accommodate any possible floodflows that would be 
blocked by Bear Creek levees. 

b. Bear Creek above Bert Crane Road. - Above Bert Crane Road, 
the existing channel and levees wDul(l-be enlarged to 6,500 cfs 
capacity up to the confluence of Bear Creek and Black Rascal Slough. 
Upstream from thi s poi nt, the channel and levee enl argement on Bear 
Creek would continue about one-half mil e, followed by intermittent, 
minor construction to pravi de the mi nimum channel capacity and 
levee-crown width. Modifications to 13lack Rascal Slough would consist 
of the continuous sett'ing back of one levee to provide the necessary 
des i go capacity. In the O.6-mile reach above Crocker Dam, the channel 
would be enl arged to accommodate the combined Bear and Fahrens Creek 
flows to minimize the backwater effects on bridges over Fahrens 
Creek. For the reach above West 16th Street, the road would be raised 
about 1.5 feet to reinforce the low existing right bank. 

c. F ahrens Creek. - Levee and channel improvements on F ahrens 
Creek and its tributaries prov'ide a flood carrying capacity of 7,000 
cfs. Channel "improvements wi thout 1 evees are pro vi ded on a short 
I' each of B 1 aek R as cal Creek between M and R Streets because of 
existing development on the banks. This reach would have a 
concrete-lined channel with low, vertical retaining walls. The 
existing Fahren's Creek channel will be preserved above its confluence 
with Black Rascal Creek.A 6-rnile bike trail is also proposed and is 
discussed in paragraph 94 and Appendix C. 

d. Lower Bear Creek Drain Chann,el. -, ,1\ drain channel adjacent to 
lower Bearw'eekDetWeenTfieraS'tSloe Canal and the East Si de Bypass 
would be pl'ovided. The 9,000 cfs capacity channel would provide 
i nteri or drai nage to the area slJuth of Bear Creek and east of the East 
Side Canal in order to prevent additional ponding due to the Bear 
Creek levees. See Appendix F, Part II for further details. 

94. Recreation provisions ... Recreation development would consist of 
a 6-mile-long trail system for bicycling, walking, jogg'ing, and 
equestri an use along Fahrens Creek and its tributaries (see Plate 
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III). The trail would be located on top of the levees on Black Rasca"1 
and Fahrens Creeks north of State Highway 99, and would include a 
10-foot-wide blacktop bikeway with staging areas at each end of 
Fahrens Creek, three trail access ramps, a bridge to link the Fallrens 
and Black Rascal Creeks portions, and selective landscap"ing. Each 
staging area would include a lO-car gravel parl<ing area, 4 picnic 
tables, a potable water supply, and chemical restrooms. Details of 
the recreation facilit"ies are described in Appendix C, Recreation 
Resources. 

95. Fish and wildlife provisions. - Without mitigation considerations 
the project woul d adversely impact wildl ife habitat. Project impacts 
include reduction of flood"ing to marshlands and conversion of various 
types of habitat to project clams, levees and disposal areas. The U.S. 
Fish and Wildlife Service estimates 673,000 average annual waterfowl 
use days would be lost due to reduction of flooding. This includes 
400,000 waterfowl use days on the grassl ands and agr"icultuY'al lands 
due to reduction of flooding within the five year flood plain, 253,000 
waterf owl use days on marshlands eas t of the Eas t Side Canal due to 
reduction in flows and 20,000 waterfowl use days on the marshes west 
of the East Side Canal. Th," Fish and ,li"ldlife Service estimates that 
80 percent of the waterfowl use is geese and 20 percent ducks. An 
addit i ona 1 1.1 m i 11 i on days of use by other sped es of water-n" 1 ated 
birds occurs on 1 ands that would rece"ive water flow reduction. Also, 
the project would convert 25 acres of marsh habitat and 45 acres of 
ri pari an habitat to project features. In order to miti gate for these 
impacts, the following measur·es would be implemented: 

a. A protective easement on 2,800 acres would be acquired by 
non-Federal interests at no cost to the Federal governmental. Three 
wells, two new and one existing, would be used to provide the 
necessary water to maintain the marshland and associated grassl and 
corrm un iti es. 

b.Distrubances to vegetation during construction of the 
proposed improvements would be held to the minimum possible. 

c. Trees and other vegetat i 011 wou 1 d be reta i ned where they woul d 
not a.dversely affect project purposes. 

d. Topsoil would be stockpiled and util ized to rehabil itate 
borrow areas and spoil sites. 

e. Levee embankments, borrow areilS l' and spon sites waul d be 
seeded to help reestablish vegetat"ioi1. 

f. Riparian vegetation totalling 45 acres wou"ld be established 
along the Farhens Creek levees. 

9. Up to 25 acres of marshland would be establ ished along 
F arhens Creek to repl ace marshl and destroyed by the Bear Creek Bypass. 
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96. Fish and Wildlife Service believes the above mitigation 
actions would compensate for the potential wildlife losses caused by 
the construction and operation of the project. Also, there would be 
only minor effects on habit for the southern bald eagle, blunt nosed 
lizard, giant garter' snake, and thick tailed chub which could 
potenetially exist in the a,nOd. A list of proposed and listed 
endal1get"ed species has been obtained frcm the FWS, and a biological 
as ses sment is be 'i ng made in accordance with the Endangered Spec i es 
Act, as amended (16 USC 1531-1542) 0 

97. Cons t ructi al;; 

iJ. !:~1I.1:>.il...nl<l2ent:. A 1 at'ge porti on of the dam embankment mater"j 0.1 
is available at of the reservoir sites. For all four dams, 
su"itable material 1"01' the imperllious core can be found at upstream and 
downstream borrow areas within ]. l11'ile Ilf each site, mostly within 
gross pool boundaries at each reservoir" RandoITI fill material is 
aVid! able at Castle and Haystack MOllnta'in Reservoirs from borrow areas 
anel the spillway excavat"ion, while at Heal' Reservoir it "is ava"ilable 
from dredge tailings and stream deposits within 2 mileso Material for 
the internal drains, transition lones, bedding, and riprap for all the 
dams except Bear would come from commercial sour'C:es from 4 to 12 miles 
aWiljlo Nearby ciredq8 tailings \-JOuld be used for the drains and 
transit"ion zones for Bear Dam. 

il" For levee col1struction, materi would be used from the 
s ng levees, channel exci:lIfation, and borrm'l arf.'asin the Bear and 

Fahn,ns CY'eek noodway benns" Road Slid material from commercial 
p'j ants wou 1 d be used" 

c, Concrete "' l;ood qua"li il'lgregate for concrete is ava'ilo.ble 
from sources on the Tuolumne, Merced, and San Joaquin 
Rivers, a.nd ~l,lt'ipoSii CY'eek, >lab 1 distances varying from 15 to 46 
mil es. Acceptab"le cement is a'lso avati"lo,iJle from hiD p'l ants wHhin 125 
mi"les and $Ioveral othe'r within 400 miles, Good quality water for 
mi n9 and curing can be obta"ined from neilrby wells and irrigation 
canals. 

d. M'i scel1aneou s matet'i aL Constrllct ion materi a 1 such as 
lurnbe," aiicr-"co-ITug-at;;"ij-iiie-riiT--:;;-r:;(j conCl'(ot," rripe are available in the 
immed'i;~te vicinity of 1'le1'c8r.1. Cobl:des for bank protection are 
avail dble from the Merced Ri vel'" while quarry v'od would originate near 
the San liris Reservoir abollt 50 miles aVhl.\' .. 

a. Reservoirs. 
acquired mos 
fo"1 "Iowi rig acreages": 

The!and ,,,quir for the reservo'irs would be 
easement and wou'ld include a.pproximately the 
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Reservoir 

Cast 1 e 
Hay stack Mounta in 
Burns 
Bear 

Are_~( acres t 
2,140 
1,080 
1,300 
1,650 

The acreages shown for Burns and Bear Reservoirs are in addition to 
the existing easements currently held by the State, which are ade
quate. An additional 200 acres at Haystack Mountain and 145 acres at 
Bear Reservoir would be acquired in easement for borrow material. The 
res- ervoirs are located in low rolling hills covered with native 
grasses except for Castle Reservoir, which is adjacent to an 
agricultural area. The rights acquired are in flowage easement only, 
except for the land direct"ly under structures which wi 11 be acquired 
in fee, therefore allowing the owner to use the land as long as that 
use does not inhibit the flows or pose a threat to the dam. 

b. Levees and channels" - Adequate rights-of-way for construc
tion and maintenance of the new and enlarged levees and channe"ls, dis
posal areas, drainage channel, access roads and recreation features 
would be obtained by the non-Federal sponsor and would total about 
1,900 acres. The wild'life mHigation features on Fahrens Creek would 
be placed on lands acquired for other project purposes. For developed 
urban areas, as along the dgrht bank of El Capitan Canal, the rights
of-way presently included in the recommended plan may be decreased 
after further study to reduce disturbance to the existin!l urban 
deve lopment. 

c. Also included in the levee and channel acreage is about 500 
acres of land which would be required for a maintenance rights-of-way 
from the end of the proposed levees upstream to the reservoirs. This 
right"Oof-way would include the channels plus 20 feet on each side of 
the streambankso 

d. Prime farmland. - Of the 316 acY"es of agricultUY'al lands that 
would be disrupted by"""the project, appr[)ximately 130 acres have been 
classified as meeting the criteria for prime farmland by the Soil 
Consey'v at i on Serv i ce. 

e. Mitigation lands •• , An easement on 2,800 acres of land adja .. 
cent to the East Side Canal and lower Bear Creek will be acquired for 
wildlife mitigation, The easement wi 11 be acquired by non-Federal 
interests at no cost to the F(,deral Government. 

99. Relocations.-

a. Reservoirs.. Projf!ct construction would require raiSing 
about 0.3 mile of Fisher Road near Castle Reservoir and about 1..0 mile 
of secondary road through Burns Reservoir. A powerline on steel 
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tOlllers and some residential power and telephone lines would require 
relocation at Castle Reservoir" as well as a powerline on wooden poles 
at Burns Reservoir. Two residences would require relocation at Castle 
Reservoir. 

q. Levees and channels. The relocations for levees and 
channels involve three major categories: bridges, power and telephone 
lines, and irrigation and drainage structures. Bridge reconstruction 
or modifications would be required on Bear Creek for three bridges, 
including Crane Road; five bridges on Fahrens Creek, including major 
woy'k on the Atcheson, Topeka, and Santa Fe and Southern Pacific 
Railroad bridges; six bridges o~ Black Rascal Creek; and one bridge on 
Cottonwood Creek. Power 1 i neo., telephone 1 i nes, and fences are 
scattered thro ughout the projec t area and waul d be re located as 
required. The numerous affected irrigation and drainage structures 
would be subject to the "replacement in kind" principle with the 
provlslon that the minimum s"ize allowed would be a 30- by 30-inch 
concrete culvert with concrete headwalls on each end and a flap gate 
on the waterside end. Larger culverts would be provided as needed 
where the new or en 1 arged 1 evee embankment s block the natural drainage 
patterns such as the intersection of Black Rascal Slough and Bear 
Creek as well as Black Rasca.l Creek and Fahrens Creek. The structures 
would allow interior drainage to enter the channels before and after 
flood-stage flows. Two new pumping plant and ponding areas are 
required for inter.ior drainage. Interior drainage details are given * 
in Appendix F, Part II. 

100. Reservoi r and down stream ope rat i on. ,0 

a. General. Of the four project reservoirs, only Bear 
Reservoir would have a gated outlet and, therefore, is the only 
reservoir that would require operation. It would be remotely operated 
by radio from the Buchanan Project Office as directed by the 
Sacramento District, Reservoir Control Section. 

b. The objective of Bear Reservoir oper'ation is to r'educe 
outflow during floods to allow the passage of local flow and releases 
from ungated reservoirs through downstream channels. During the flood 
recession, releases from Bear Reservoir would be increased as soon as 
possible to evacuate the storage in thE' reservoir. Flows in Bear 
Creek at McKee Road, located in the City of ~Ierced, would be monitoreci 
remotely by radio at the Sacramento District Office. Precipitation in 
the Merced area and reservoir releases and stages would also be 
moni tored remotely. Bear Reservoir would be operated to achieve 
objective nows in Bear Creek at the McKee Road gage. However, due to 
en'ors in forecasting local flow and the reduced channel capacity 
downstream from McKee Road, the objective flow must be less than 
channel capacity at McKee Road. During floods, or when flooding is 
imminent, the objective flow would be 3,000 cfs, and during the flood 
recession it could be increased to 5,500 cfs. During large floods it 
may be necessary to complete-Iy close the gates at Sear ReserVOir, and 
flood control space requirements were based upon such an operat·ion. 
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Forecasts of local flow would not be necessary for the operation of 
11""", 1l."~"V'v,,;,,._ Th" prelimi""".y operation plan for the project is 
outlined below. See pl ates IV to VIII for the lOO-year, SPF, and 
historical hydrographs. 

c. Bear Reservoir. ,-

(1) When Bear Reservoir is empty, the gates would be left 
partia"ilyopen. 

(2) When 1 inch or more of precipitation (precipitation will be 
determined by averaging the readings at the four reservoirs) has 
occurred in the last 12 hours, the objective flow at McKee Road would 
be 3,000 cfs. 

(3) When less than 1 'inch of preCipitation has occurred in the 
last 12 hours the objective flow at McKee Road would be 5,500 cfs. 

(4) Releases from Bear' Reservoir would be increased or decreased 
at the rate of 500 cfs per hour to maintain objective flows downstream. 

d. Castle Reservoir. -, Castle Y-eservo'ir would be an ungated 
flood control reservoir' w'i th a gated bypass outl et to prov'i de 
additional outflow capacity dur-ing the irrigation season. The gate on 
the bypass outl et may be opened on 1 May and must be closee! by 
1 October. 

e. Examples of operat i on. Rout i ngs of hi stari ca 1 and 
hypotheti cal floods through the recommended pl an are shown on Pl ates 
IV to VIII. The pre-projE!ct r'outing used storage-outflow routings at 
a 11 major stream obstructi ons whi ch i ncl ude exi sti ng reservoi rs and 
severa'! bridge crossings, Routings between these pOints wer-e 
aecomp n shed us i ng Tatum's procedures. Project conditi ons provi de for 
channe'l improvements on portions of Fahrens, Bl",ck Rascal and 
Cottonwood Creek east of H'i ghway 99 and on lower Bear Creek and B1 ack 
Rascal Slough west of HighwilY 99. Adjustments to the pre-project 
stream now routi ng procedures in these areas to account for proj ect 
condi t ions were made by removi ng the storage-outfl ow routi ngs througlh 
bri dge openi ngs where these bri dges wi 11 be improved for proj ect 
design flows. No adjustments to the Tatum routing coefficients were 
made on these streams since the now velocities used to establish the 
pre-project coefficients are not significantly less than the flow 
velocities encountered under project conditiOons. For example, flow 
velocities used to establ ish the pre-project coefficients vary from 3 
tOo 5 feet per second while flow velocities for project design flow 
conditions vary from 3 to 6 feet per second. Project operation was 
model ed usi ng the HEC-5C computer program, 

f. Frequency of flooding .. -, The recommended plan would provide 
at 1 east 100-year protection to all urban areas and SPF protecti on to 
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most portions of the city of Merced. At least 50-year protection 
would be provided to agricultural areas along Bear Creek downstream 
from the reservoi rs and s 1 i ghtl Y 1 ess Ulan 50-year protecti on to areas 
along Canal Creek adjacent to Castle AFB (See Plate III for a 
delineat"ion of the lOO-year and SPF flood plain). Project and 
pl'eproject frequency curves are shown in Appendix E. The project 
fr'equency curves were developed by routi ng vari ous floods through the 
proj eet to s "imulate different frequenc i es of runoff. The res ult i n9 
flows were plotted to develop frequency curves at various index points. 

g. il-,,-~atiol1s~JJ? __ ..i:.g __ othe!:.....2!:!?J.~ct~. - In general, the added 
flood protection of the project would be beneficial to existing flood 
control and irr"igation projects in the, area. Under existing 
conditions floodwaters from Canal, Edendale, Parkinson, and Fahrens 
Creeks are d'ivel'ted to Yosemite Lake through the Main Canal. Under 
project conditions flows from Canal and Edendale Creeks would not be 
diverted, but Parkinson and Fahrens Creek flows above Main Canal would 
be intercepted up to the capacity of the canal and di verted to 
Yosemite L.ake. Canal Creek is presently lIsed to transport irrigation 
water from ~lain Canal at rates up to 500 cfs. Since the maximum 
out"let capacity of Castle Reservoir at elevation 206 (riser crest) 
would be approx'imate"ly 100 cfs, a gated bypass capable of passing 500 
cfs is incorporated in the project. 
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CHAPTER I X - COST ESTIMATES FOR RECOI~MENDED PLAN 

101. Cost. - Detail estimates of first cost and annual costs for the 
formulated plan are shown in Appendix F along with summaries of cost 
for features by general item classification. The cost estimates ay'e 

,based on 1 October 1979 price levels, 7-1/8 percent interest rate, and 
a 100·,year amortization period. 

102. Basis of estimate of first cost. - The costs of lands and 
relocations for the local protection features of the project were 
estimated by the State Reclamation Board and reviewed and supplemented 
by the Sacramento Distr'ict to account for increased real estate 
requirements. Real estate 'estimates for the reservoir areas were 
prepared by the Sacramento District. Real estate costs include costs 
rel ated to compl i ance with th(, Uniform Re lac ali on Assi stance and Real 
Property Acquisition Policies Act of 1970, (Public Law 91-646). The 
unit prices used for construction items are based on adjustments of 
average bid prices recei vE'cI on comparable work in Sacramento 
District. A 20 percent contingency allowance is included in the 
estimate for cost fluctuations and possib'le design changes. Suitable 
allowance has been made for engineering and design and super'vision and 
administration based on cc:mparable work in the Sacramento District. 
The following table summarizes the estimated project first cost. 

86 



* 

First Cost 

Channe 1 s ----
Non-Federal 

Land s and damages 
Non-Federal relocations & modifications (1) 

F edera 1 
Rail road s 
Channels & levees 
Recreat ion faei 1 it i es 
Permanent operating equipment 
Engineering and Design 
Supervision and Administration 

Total Channels 

Reservoirs 

Federa 1 
Lands 8, damages 
Relocations 
Reservoirs 
Dams 
Roads 
Permanent ope rat ing equi pment 
Cultural Resources Preservation 
Engineering and design 
Supervision and administration 

Total Reservoirs 

Fish and WildJjJ~i'litigation 

Non··Federal 
Land s and Damages 

Federal 
Fish and Wildlife Facilities 
Engineering and Design 
Supervision and Sdministration 

Total Mitigation 

Total First Cost 

TTj Includes-Nan-Federal E&D, S&A. 

6,230 
6,520 

1,090 
ll,120 

240 
30 

1,505 
1,005 

27,740 

5,640 
310 
980 

36,000 
960 
230 
( 2) 

4,610 
3,080 

51,810 

1,250 

250 
30 
20 

1,550 

81,100 

(2) These costs will be developed during future design stages. 
See paragraph 43 fOt' discussion of cost. 
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Feature 

Bear Reservoir 
Burns Reservoir 
Haystack Reservoir 
Castle Reservoir 
Lower Bear Creek Channel 

Summar:L..Qf First Costs 
---- ($1, 000) 

Bear Creek nr. 16th Street 
Fahrens Creek & Tributaries 
Lower Bear Creek Drain Channel 
Fish and Wildlife Mitigation 

Tota 1 

25,300 
lO,OOO 
8,340 
8,170 
~,4lO 

200 
15,380 
2,750 
1,550. 

81,100 

103. Annual Cost. - The annual cost is shown below. Replacement COS]; 
for the levee and channel portion is based upon the construction 
replacement after 50 yeal's for economic evaluation purposes. 

Interest & 
Amod i za t i on 

Operation & 
Maintenance 

Rep 1 acement 

Total 

Fish and 
Wildlife 

Reservoirs Levees & Channels lVIitijlati0.Il _Tot~_ 

$3,695,600 $1 , 978, !lOO $110,600 $5,784,700 

178,400 92,800 4,700 27:5,900 

J.6,000 16,20(~ 700 __ 32,900 ----
$3,890,000 $2 ,OS7 ,500 $116,000 $6,093,500 

104. Departures fro..f!:l.Eoject document. - A comparison of the project 
document cost est-imate, the latest approved authorized plan cost 
estimate (PB-3, dated 1 October 1979) and the recommended plan cost 
estimate is presented in the following tabulation: 
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COMPARISON OF COST 

--------" : Proj ec C Doc ument: Cu r ren t1"Yilu t hor7izeoIT:irecol11menoecrT'lan 
Item (July 1969) (PI:l-3) October 19/9 (October 1979) 

j$l,OOO) ( $1,000) ($1,000 ) 

Federa 1 2/ 
Bear Stream Group 17,910 40,080 66,800 
Reservojrs 16,570 37,050 51,8.l0 

Burns ( 6,130) • (13,710) ( 10,000) 
Bear ( 2,220 ) ( 5,070) (25,300) 
Castle 

, 
5,700) (12,540) ( 8,170) l 

Haystack Mtn ( 2,520) ( 5,730) ( 8,340) 
Channels 1,340 3,030 14,990 

Lower Bear Creek ( 1 ,340) , ( 3,030) (5,390) 
Upper Bear Creek" 0 0 (40 
Fahrens Creek () () (8,020) 
Lower Bear Drain Channe 1 0 0 (1,540) 
Mit i gat i on 0 0 300 

Mariposa Stream Group 9,510 21,000 0 
Reservoirs (7,490) (16,890) 0 
Channe 1 s (2,020) (4,110) 0 

Deadman-Dutchman Group 6,070 14,220 0 
Reservo"irs (5,740) (12,950) 0 
Channels ( 330) ·"1 270) \ , 0 
Total Federal Cost 

Non-Federal 
33,490 }j 75,300 61,100 

Bea"r Stream Group 650 1,505 14,000 
Channels 650 1,505 12,650 

Lower Bear Creek 0 (1,505) (4,020) 
Upper Bear Creek 0 0 (160 ) 
Fahrens Creek 0 0 (7,360) 
Lower Bear Drain Channe 1 () 0 1,210 ) 
Mitigation 0 0 1,250 

Mariposa Stream Group 1,560 2,440 0 
Channels (1,560) ( 2,440) 0 

Deadman-Dutchman Group 240 1,455 0 
Channe 1 s (240 ) (1,455) 0 
Total Non-F edera 1 Cost 2,450 5,400 14,000 

TOT At PRO:JE CT COST 35,940 130,700 I3l,lOO 

II Project as last reported "to-Con gre ss-:-------" 
'!..I Non-Federal interests will reimburse the Federal Government for all costs 

a"llocated to irrigation. Based on the percentage established in the cost 
allocation study contained in the "Review Report for Flood Control on 
I~erced County Streams, California," dated June 1969, non-Federal costs 
for irrigation are estimated at $2,690,000 for the authorized project and 
$6,075,000 for the currently authorized project; irrigation has been 
deferred in the recommended project. In addHion, one-half of the 
separable cost of recreation will be repaid by the non-Federal interests; 
these costs are estimated at $4,615,000 for initial facilities in the 
authorized project, $10,400,000 for the currently authorized project, and 
$130,000 for the recommended project. 

II Figure does not include future Y'ecreation cost. Project was authorized 
for $37,260,000 which included $3,770,000 future recreation cost. 
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105. EX¥lanation of deviation of currently authorized (1979 PB-3) 
project rom project docum(~lt (1969 Pll-3t. - petaiTed explanation of 
deVlabons of the cunenlly authorlzea project from the pl'oJect 
document is contained in Appendix F, Basis of Design. The differences 
in Federal costs are due to price level increase (+$38,385,000), 
increase in estimated real estate costs (+$3,26S,OOll) drld sundry 
inCY'ease($160,000 - July 1973, GSA rent increase). The difference in 
non-Federal cost is due to increase in costs of land and damages anci 
relocations (+$2,950,000). Total change in project cost is 
+$44,760,000. 

106. Explanation of deviation of recommended (1979 price leyel) plan. 
* from the currently authorized project (1979 PB·-3). - The differences 

-=rn-l'ederal costs (-,$8,200,~ include changes 'in capacities and 
designs of Bear Creek Group reservoirs (+$14,760,000); design changes 
in Bear Creek channel (+$2,400,000); addition of Fahrens Creek 
(+$8,OZO,000); clddition of Lower Bear Creek drain channel 
(+l,540,000); addition of fish and wildlife mitigation features 
(+$300,000); deferral of Mariposa Creek reservoirs (-$1.6,890,000) arid 
Mariposa Creek channel impY'ovements (-$4,110,000); and deferral of 
Deadman-Dutchman Creek reservoir (-$12,950,000) and channel works 
(-$1,270,000). Changes in non-Federal costs (+$8,600,000) include 
increase in lands and damages and relocations for Bear Creek, 
(+$2,675,000), addition of the lower ~ear Creek drain channel 
(+$1,210,000); addition of Fahrens Creek (+$7,360,000); and addition 
of fish and wildlife mitigation lands (+$1,250,000); deferral of 
Mariposa Stream Group (-$2,440,000); and deferral of Deadman-Dutchman 
Stream Group (-1,455,000). Total change in project costs is +$400,000. * 

Rev. Jan 1981 90 



CHIIPTER X - ACCOMPLISHMENTS AND BENEFITS FOR RECOMMENDED PLAN 

107. GeneraL The main accomplishments attributable to the 
recommended-Plan are f1 ood control, enhancement of publ ic \'ecreati on, 
and employment benefits as prescribed in the Publ ic Works and Economic 
Development Act (Public Law 89-136). The benefits were evaluated on the 
bas'is of a 100-year economic period at an interest rate of 7-1/8 percent 
ilnd on price 'levels as of 1 October 1979. Evaluations are based on 1979 
phys i cal conditions and al so on the economi c development proj ected 
without the project, as compared to project physical conditions 
projected from 19135 to 20135. Detailed consideration was given to the 
use of each reset'voir for streamflow regul ation and to determine if the 
reservoirs could be used for irr'igation, lTIunicipal water supply, water 
qua 1 i ty contro 1, power, 01' downs tre am f i s h'cri es . De ve 1 opment f or these 
purposes was not economically justified at th'is time. Detailed data on 
flood control benefits are contained in Appendix Eo Detailed data on 
recreation benefits are contained in Appendix I C, and detailed data on 
employment benefits are conta·ined in Appendix D. As previously noted, 
the project was dlnalyzed in three stream groups; Bear, Mariposa, and 
Deadman-Dutchman Stream groups. The 1 atter two stream groups are not 
economically justified and are being deferred from further analys'is at 
thi s time. Theref ore, the project decamp 1 i shments and benefits 
contained 'in th·is chapter pertain only to the Bear Creek Stream group. 

lOB. Flood control accomplishments and benefits. - Flood control 
benef its are deri ved pri nei pa lly from reduction in primary damages to 
about :i5,000 acres of agricultural and urban areas. The city of Merced, 

,CastLE! . ..l\.iJ: .. .LQyce Base, existing adjacent suburban areas, and most of the 
-area in the vi,clilffy projected for urban development would receive a 
very high degree of flood protection. It is anticipated that urban 
development waul d occur even without additional fl ood protecti on. Much 
of the land in the flood plain is used for agricultural purposes, and 
while, with protection, the agricultural use in some instances may 
become more i ntens i ve, these 1 ands are expected to remai n agri cultura 1 
throughout the economic life of the project. A small increase in 
impr oved 1 and use, with or without the proj ect, is expected to occur 
along the lower reaches of Bear Creek and east of the State's East Side 
Bypas s. Because there are no proj ect-i nduced 1 and use changes, there 
are no spec; allocation benefits. BenefHs have been eval uated on the 
basis of expected preproject and project conditions, with the period of 
economi c de vel opment correspondi ng to the expected useful nes s of the 
proposed works and with f 1 oodfl ow-frequency curves app1 i cab 1 e to the 
pre project and' project cand iti ons. Average annual f1 ood control 
benefits are estimated at $6,380,000. 

109. The flood control benefits noted here are derived fl'om the 
reduction in primary flood damages, which are thedifference jn~flood,. 
cl'!Dil,geswith and wi thout theproJe~i: ~ ,COEaITor! benefits, or the 
benef its der; ved by· a more i ntens i ve use of 1 and resulti ng from a 
reduction in the flood hazards, are not included. The reason is that 
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the agricultural lands in the Bear Creek area are expected to continue 
their present use throughout the IOO-year economic 1 ife of the project 
even with the prov-ision of flood protect'ion. The fo-Ilowing tabulation 
displ ays by 1 and use categOl"Y the pr'eproject damages, residual or 
project damages, and the project benefits. The average annual 
equivalent damage is shown for the period 1985 to 2085, d-iscounteci at 
the current interest rate of 7-1/8 percent. Probable average annual 
flood damages are also shown for the study year (1979), the base year or 
the year the project can reasonably expected to be operational (198!J), 
and 50 years after the base year (2035). The basi s for pl'i ci ng the 
damages are October 1979 price levels for structures and their contents 
and normalized prices based 011 trends for agticuHural products. 
Affluence, the effect of increasing per capita income, is only applied 
to the residential content category. Finally, the analysis was based on 
implementation of the Flood Insurance Program, whereby all nelll and 
replacement residential structures located in the lOO-,year flood plain 
would have their first floors e-Ievated above the IOO-year flood 
el evat-j on wh 1"1 e a 11 new and repl acement norn-es i dent i al structures woul d 
be flood proofed to the same elevation. For projects providing IOO-year 
protection or greater, the cost savings achieved by not having to 
implement these measures in the project condition may be claimed as a 
benefit. 
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1. 

2. 

3. 

DAMAGES AND BENEF ITS - RECOMMENDED PLAN 
1979 Price Level; 1985·,2085 Conditions; 7-1/8% Discount Rate 

($1,000) 

Equi val ent Average Annual Dilin~ ____ 
1979 1985 2035 Item Annual DiliDages: 

Preproject DiliDages 
Res i dent i a 1 1,475 1,077 1,242 1,796 

Contents 606 312 438 576 

Ccmmercial 1,532 1,495 1,525 1,531 
Industrial 352 301 322 402 
Public 632 511 526 695 
Semi-Public 48 48 48 48 
I\gri cultural 936 594 725 1,265 
Emergency Costs 93 64 76 125 --- -- --
Total 5,674 4,402 4,902 6,438 

Residual Damages 
Res i denti al 64 48 101 

Contents 39 20 73 

Ccmmerc i a 1 33 25 47 
Industri al 7 5 11 
Pub 1 i c 24 19 27 
Semi-Public 1 1 1 
I\gri cultural 61 49 81 
Emergency Costs 3 3 4 

Total 232 NA 170 345 

Project Benefits 
Res i dent i a 1 1,411 1,195 1,695 

Contents 567 418 503 

Ccmmercial 1,500 1,500 1,483 
Industri a'i 345 318 391 
Pub 1 i c 609 506 669 
Semi-Public 47 47 47 
Agri cultural 874 675 1,184 
[mer gency Cos ts 89 73 121 ---- ---
Total 5,442 NA 4,732 6,093 

Flood Ins. Prog. 
costs saved 938 

TOTAL BENEF ITS 6,380 

---------, 
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110. The tables danonstrate the nature of the flood damages and 
benefits. For example, the rate of change of damages varies through 
time due to increases in property values, implementation of the rloon 
Insur'ance ProgY'am, 1 and use changes between and within categories, anel 
affluence, among other factors. As for the distribution of damages 
among 1 and use categories, Iresidential and commercial structures and 
their contents together account for' 67 percent of the total preproject 
damages. When analyzed in terms of reaches and urban and rural 
classifications, as shown in the following table, it can be seen that 
the greatest percentage of damages and benefits occurs in the urban 
areas eas t of Crocker Dam. 

111. In summary, the flood control benefits for the recommended plan 
consist primarily of a reduction in flood damages to residential, 
commercial and industrial sty'uctures located in the urban area 
comprising the city of Merced and, to a lesser extent, to the 
agricultural area adjacent to lower Bear CY'eek. The equivalent average 
annual flood control benefits total $6,380,000. 

112. Recreation accomplishments and benefits. - About 6 miles of levee 
on B1 ack Rascal and Fahrens Creeks wou"lcl have a lO"-foot-wide paved 
bikeway. This trail system would be used for bicycling, hiking, and 
incidental horseback riding. Details of the proposed Y'ecreation plan 
are outl ined in Appendix C, Recreation Resources. Based on data from 
similar facilities, recreation use is expected to be 60 percent 
bicyc"ling, 35 percent pedestrian activities, and 5 percent equestrian 
activ"ity. Average annual equivalent benefits at 7-1/8 percent interest 
rate and a IOO-year project 1 ife are estimated at $62,000. 

DISTRIBUTION OF ANNUAL DAMAGES 

l. Be ar Creek, G rou~ 
Urban f1ural ---

A,. Preproject Damages 

Res i denti a 1 45% 11% 
Commercial 34 
Industri al 8 
Public 11 12 
Semi-Public 1 
Agri cultura 1 1 77 

100% 100% 

B" Residual Damage with Recommended P"I an 

Res identi a1 63% 9% 
COinnerci a"1 21 
Industri al 4 
Public 9 12 
Semi-Publ ic 1 
Agri cultura 1 2 79 

100% 100% 
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lB. Employment benefits. Merced County is primarily an 
a9ricultural production area and has been designated as eligible for 
assistance under the Public Works and Economic Development Act by the 
Economic Development Administration of the U.S. Department of 
Corrmerce. Employment benefits, therefore, can be applied to the 
project and are essentially an adjustment to the cost of a project 
which identifies the use of an otherwise unemployed or underemployed 
local labor resource. 

114. A detailed evaluation of costs for' the project indicates that 
31.8 percent of the Federal construction costs represent labor costs 
for onsite construction. Labor costs win be comprised of 55 percent 
blue collar skilled workers, 27 percent blue collar unSkilled, and 18 
percent in construction occupations other than blue collar. 

115. Total construction costs for the recommended plan are 
$50,45~,OOO excluding costs of land, engineering and design, and 
supervlslon and administration and other non-·construction costs. 
Labor costs amount to $15,700,000, and of that amount, $6,960,000 was 
estimated to go to local labor. This will provide an average of 30 
local jobs per' year extendi ng over the construct ion period of " years. 

116. Equivalent annual employment benefits creditable to the 
recorrmended p I an are $500,000 based on 1979 pr i ce s and a 7-118 percent 
discount rate. Details of the derivation of these benefits are shown 
in Appendix 0, "Socio-Economics," in the section concerning employment 
and the labor for'ce during the construction phase. 

117. Comparison of benefits and costs. -. Annual costs and benefits 
are based on an interest rate of 7::r78 percent. As shown in Chapter 
IX, the annual cost of the project is estimated at $6,064,OQO. The 
following table gives benefits and costs to show the sensitivity of 
the benefit-cost ratio to recreation and construction employment 
benefits, 

_____ , ______ ~jp~cJl..f P rojec J; ____ . ______ . __ Benefi ts Costs BIC 

Total Project w!ARA,11 w rec,?:/ w rec. ARP,3! 6,942 6,093 1.14 
1.1A 
1.14 
1.06 
LOS 

1/ 

21 
J/ 

II 1\ H--

" wlo rec. --ARA 6,939 6,093 
" 
" 
" 

, 
" " wlo rec, " 6,877 6,060 , 
" wlo ARA, w rec, " 6,442 6,093 
" " w/o rec, " 6,380 6,060 

Total construction employment benefits, not including recreation 
construction emplo}1nent benefits, equaling $497,000. 
Represents recreation costs and benefi ts, equal ing $33,000 and $62,000. 
Recreation construction employment benefits, equaling $3,000. 
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118. Difference in benefits from project document. - The average 
annual equivalent benefits for the Bear Creek group presented in the 
authori zi ng document were es t imated at about $2,500,000, based on 
1 July 1969 price levels at an interest rate of 4-5/8 percent. These 
benefits consisted of flood control, irrigation, general recreat"ion 
and fish and wildlife, and airea redevelopment. Currently, the average 
annual benefits for the recommended pl an are estimated at $7,1l8,OOO, 
which consist of flood control, downstream recreation use, and 
employment benefits, computE~d at October 1979 pri ce 1 evel and an 
interest rate of 7-1/8 percent. The change from the project document 
is due to several factors. Increases in benefits have primarily 
resulted from (1) an increase in property values wHh an associated 
increase in unit damages of 105 percent, (2) an increase in benefits 
due to a hi gher 1 eve 1 of fl ood protection for the recommended pl an 
over the authorized plan of 54 percent, and (3) an increase of 27 
percent resulti ng from access to deta; 1 data and the abi 1 ity to 
utilize this data through computer modeling techniques. Decreases in 
benef"its have resulted from [1) an increase in the interest ri!te and a 
lower future growth rate whi ch accounts for a decrease of 23 percent 
and (2) a net decrease of 1.0 percent from reduced damages to future 
development in the flood plain due to implementation of the Flood 
Disaster Protection Act of 1973 (Publ ic La\; 93-234), which is only 
partially offset by savings "in flood proofing costs. In summary, $2.5 
million x 2.05 x 1.54 x 1.27 x O.l7 x 0.90 = $6.9 million. 
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CHAPTER Xl - COST APPORTIONMENT AND REPAYMENT FOR RECOMMENDED PLAN 

119. §~neral. In a multiple-purpose project containing several 
puv'poses such as flood control, irrigation, municipal water supply, and 
recreation, the separable costs-remaining benefits (SC-RB) method is 
normally used to prepare an ariocatiorl of costs to the various 
functions. In the case of the Merced Couoty Streams project, only two 
functions are presently included in the recommended plan: flood 
control, and recreation. The reservoirs have been identified as 
provi di ng wi despread fl Dod control benefHs to the commun iti es of Merced 
and I\twater, to Castle Air Force Base, and a large agricultural area 
served by three irrigation districts. There are no land enhancement 
benefits. Section 2 of the 1938 Flood Control Act (Publ ic Law 75-761) 
provides that no local cooperation is required for such reservoirs, and 
the cost of construction, operation and ma_intenance would be Federal. 

a. The levee and channe-I improvements are considered to be local 
protection features, which, under Section 3 of the 1936 Flood Control 
Act (Public Law 74-738), require a non-Fedel'al entity to provide all 
lancis, easements, rights--of-way, and relocations for construction of the 
project. Maintenance and operation of the constructed works would also 
be a non-Federal requirEment. 

b. The primary recreation use of the project would consist of 
trail-based walking for pleasure and bicycling on the maintenance roads 
along the project channe-Is. In accordancI: with current pol icy, one-half 
of the separable costs for' recreation facilities, including all costs 
for recreation lands, -is a non-Federa-I cost; also, operation and 
mili ntenance of these f ae i1 iti es after constructi on wi 11 be a non-Federal 
cost. 

c. ~~itigation featuY'es ay'e required to preserve wildlife values 
whi ch woul d otherwi se be lost due to construction of the project 1 evees 
anel channel improvements. Instructions contained in ER 1105-2-129 state 
that for local protection projects, fish and wildlife mitigation 
features, including land requirements and operation and maintenance, 
will be cost shared by local interests in the same ratio as the 
rEmainder of project costs. However, acquisition of land specifically 
for wildlife mitigation was not authorized by Congress. Therefore, the 
easements on lands for mitigation are to be provided by non-Federal 
intE!I'ests at no cost to the Federal Government. Cost sharing of the 
rEmainder of the mit-igation features win be on the basis of the ratio 
of non-Federal flood contro-I costs to the total flood control cost of 
the downstream channel improvements. Costs for project purposes, both 
Federal and non-Federal, are separable ilnd readily identified. There 
are no joint IJse costs" Therefore, o_n allocation of costs by the 
separable costs-remaining benefits method is not required. 

120, Flood control and wi 1 dl ife miti gatj.s~. - The 
non-Federal first costs for the levee and 
construct-ion of specif-ic mitigation features, 
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non-Federal cost of oper'ation and maintenance of the improvements, at 
October 1979 price levels, are shown in the following tabulat.ion: 

--.. ---- : ___ =--~_=__=Fi rs C C l2.? fTtr----=:==:----------;-------- ---
Flood Control: Flood Control with Mitigation 

___ -'-__ 1.L/_ : Cap. O&M Cos t Cost 2/ O&M Cost 

Federa 1 14,800,000 

Non -F ed er a 1 Ri' 729...'-000 

Total 27,520,000 
__ 00 ______ -

14 ,SOD, 000 

13_,SZS,OOQ.! 

28,678,000 

189,000 .11/ 

1,361,000 

1,550,000 

o 

5?2,600 "i/ 

82,600 

1/ Flood Control cost of levee and channel improvement. 
II Mitigation cost sharing is determined by the proportion of flood 

control costs including the capitalized O&M costs. 
l! Does not include recreation O&l~ of $10,200 and wildlife mitigation 

0,'Wj of $4,700. 
ty This cost includes a prorated share of the capitalized value of the * 

mitigation O&M cost amounting to $34,000. 

The O&l~ of the mitigation features Vlill be the responsibility of the 
local interests and will be incorporated into the levee O~ work. The 
Federal Government will pay for a prorated amount of the capitalized 
O~ costs for mitigation. 

121. Recreation. - The Federal Water fir'oject Recreation Act (Public 
Law 89-72) provides that at least one-half of the project separable 
costs allocated to recrec\tion, and all costs of maintenance, 
operation, and replacement, will be paid for by local interests. Of 
the estimated $320,000 first cost for project-related recreational 
facilities, $290,000 is the estimated first cost for construction and 
$30,000 is the estimated cost for recreation lands. For 
project"related recreational facilities, the estimated Federal cost 
for construction, including costs for engineering, deSign, 
supervision, and administration, exceed the costs for recreational 
lands, including acquisition costs, by $260,000. In accordance wHh 
current policy, one-half of this cost of $260,000 or $130,000 would be 
reimbursed to the Federal Government byl oea I interests. Operation, 
maintenance and replacement costs for recreation would be $10,200. 
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CHAPTER XII - REQUIREMENTS OF LOCAL COOPERATION FOR RECOMMENDED PLAN 

122. !3enera1. - The State of Cal iforni a authol"i zed the Merced County 
Streams project by Senate Bi 11 Number 1296, approved by the Governor 
on 23 September 1974. This statute authorized the Reclamation Board 
to provi de the necessary ass uranees of 1 Deal cooperati on for the 
Merced project and also authorized the Reclamation Board to enter into 
a loan agreement with a 1 oca 1 (county or ci ty) agency for repayment to 
the State of local costs delegated by the St,ate to that agency. 

a. The State Reclamation Board prov',jded a letter of intent, 
dated 28 November 1979, to provide the assurances of local cooperation 
for the project,. By letter dated 20 February 1980 the Reclamation 
Board reaffirmed its intent to provide thie local assurances and in 
additi on pravi ded its intent to provi de the mi ti gati on easements at no 
cost to the Federal Government,. (See Appendix A) 

b. The Merced County Board of Supervisors adopted a resolution 
on 1 November 1966 in regard to furnishin9 the assurances of local 
cooperation. By 1 etter dated 11 December 1979 the County reaffirmed 
its intent to provide the necessary assurances of local cooperation 
prior to initiation of construction. By letter, the County provided 
its intent to provide the mitigation easements at no cost to the 
Federal Government (See Appendix A). 

c. The City Council of the City of ~1erced indicated its intent 
to prov"i de the required assurances of local cooperati on for recreati on 
features of the project in a letter dated 4 December 1979 (Appendix 
C). These features consist of the bikeway ilnd trail system along the 
dOlrmstrearn channels as outl ined in Appendix C, Recreation Resources. 

123. Flood control. - Prior to construction, assurances shall be 
fur'n"ished to the satisfaction of the Secretary of Army that for: 

a. All projects. -

Local interests will: 

(1) Provide guidance and leadership in pY'eventing unwise 
future development of the flood plain by use of appropriate flood 
plain management techniques to reduce flood losses; and 

(2) At least annually, inform affected interests of the 
degree of protection provided by the project. 

b. Castle Darn and Resel'voir. - The Merced Irrigation District 
wi 11 c:onITiiUe-toalvert uptoT ,000 cubi c feet per second of tile 
floodf'lows of Fahrens Creek at the Merced Irrigation District main 
canal into Yosemite Lake. 



c. Supplemental levee and channel imp!,oveme~. -

Local interests will: 

(1) Furnish without cost to the United States all lands, 
easements, and rights-of-way necessary for construction; 

(2) Make all necessary relocations and alternations to 
existing improvements, inclucl-ing highway facilities, which may be 
required for construction of the project; 

(3) Hold and save the United St.ates free from damages due to 
the construction works, but not including damages due to the fault or 
negl i gence of the United States or its contractors; 

(4) Maintain and 
channel improvements as 
accordance with regul at ions 

operate after completion the levee and 
well as existing project channels in 
prescribed by the Secretary of the Army; 

(5) Prevent encroachment of any type that would impair flood 
control effectiveness of the fwoject works; 

(6) Preserve, or restore anel thereafter maintain, at the 
capacities prevail ing in 1968, the other flood channels of Merced 
County streams which are within proposed project limits but are not to 
be improved by the proposed project (channel capacities prevailing in 
1968 are listed in paragraph 13); and 

(7) C011ply with the appl icable requirements of "The Uniform 
Relocation Assistance and Real Property AcqUisition Policies Act" of 
1970 (Public Law 91-646" 84 STAT, 1894). 

124. Reo'eat·ion ... · Hith reflard to recreation, local interests are 
r equ ir I~d to:----

a. Provide an 'Iands specifically required for recreat·ion. 

b. Pay, or repay with interest, that portion of the cost of 
recreation facilities, which when added to the cost of recreation 
1 ands would amount to 50 pel'cent of the total first cost of the 
reo'eation lands and faeil ities. 

c. Administer, ma'intain, operate, and repl ace the recreation 
facilities provided by the project in accordance with regulations 
establ'ished by the Secretary of the Army. 

125. D iff erenc(~s frc'Ili projl2ct document pl an. Stud'i es and 
investi gations subsequent to project authorization have necessitated 
modifi cations in the authorized pl an presented 'i n the project document 
and associated modificat"ions to the requirements of local 
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cooperat i on. These modi fi cati ons primarily a.ffect the assurances for 
recreation. The project purpose of recreation has not changed but has 
been modified to reflect the desires of local interests. As noted 
earlier in the report, local interests do not w'ish to have recreation 
at the reservoirs but prefer recreation features in connection with 
the downstream channel improvements. Therefore, the requirements for 
recreation have been modified to reflect the current recreation plans 
which do not include recreation use at the reservoirs. 
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CHAPTER XIII - DEPARTURES FROM PRO,lEeT DOCUMENT PLAN 
FOR RECOMMENDED PLAN 

126. General. - Studies and investigations subsequent to project 
authori Zilt i on have neces s Hated changes in the authori zed pl an 
presented in the project document. The changes refl ect (1) updated 
hydrologic data, (2) changes in land use from that previously 
anticipated, (3) changes in pub] ic attitudes toward environmental and 
recreation considerations, (4) new legis1 ation regarding protection of 
environmental and cultural resources, (5) further coordination with 
local interests, (6) increased price levels and interest rates used in 
economic evaluation and (7) the provision of fish and ,~i1dlife 
mitigation lands at no cost to the Feder'al Government. 

127. The recommended plan of improvement includes work on only Bear 
Creek Stream group. Work on r~ariposa and Deadman-Dutchman Stream 
groups is not economically justified at this time and has been 
deferred until such time as it is deemed economically feasible. 
Irrigation was a feature of this deferred portion of the project, so 
thi s functi on has been deferred at thi s time. 

128. The capacities of the reservoirs on the Bear Crel2k group have 
been changed from those presented in the authorized pl an. Castle 
Reservoir at 7,100 acre-feet is 4,400 acre-feet smaller, and Burns 
Reservoir at 22,600 acre-feet is 7,000 acre-feet smaller, primarily 
due to eliminating recreation at these sites. Haystack Mountain 
Reservoir at 5,800 acre,,·feet is 2,800 acre-feet larger, and Bear 
Reservoir at 24,000 acre-feet is 9,600 acre-feet larger, primarily due 
to providing a higher degree of flood protection to the urban areas of 
Merced .. 

129. Recreat i on was modified at the reques t of 1 oca 1 i nteres ts from 
reservoir-ori ented use to that associ ated with downstream channel 
improvements. Also, in connection with the channel improvements, the 
length of modifications has been reduced from about 54 rniles to about 
33 miles because of the deferral of ~lariposa and Deadman-Dutchman 
Stream Groups. Levee cmel channel improvements on F ahrens Creek were 
not included in the authorized pl an, but with new hydrology and the 
need for flood protection to Merced, it was deterrnined that 
improvements to Fahrens Creek were required in order to provide a 
compl ete and integrated pl'oject. 

130. Acquisition of easements on 2,800 acres for wildlife mitigation 
is inc'luded in the project as a result of evaluation of losses as a 
result of constructing and operating the project for flood control. 
Since acquisition of land specifically for wildlife mitigation is not 
a part of the authorized pY"oject, the easements will be pI'ovided by 
non-Federal interest as no cost to the Federal Government. 
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131. The first cost of the Bear Creek group in the 1969 authorized 
project docum(!nt was estimated at $18,560,000. The recommended pl an 
is currently est"imated at $80,100,000. The benefit-cost ratio of the 
authorized Bear Creek group was 2.1 to 1. Currently the authorized 
plan is estimated to cost $41,585,000 for a benefit to cost rat"io of 
1.5 to 1; the recommended plan is 1.2 to 1. These changes, resulting 
from (1) the differences described above, (2) difference in price 
levels, and (3) difference in interest rates of 4-5/8 percent to 7-1/8 
percent, are described in detail in Appendix F and summarized in 
Chapter IX and X of this design memorandum. 
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CHAPTER XIV - PUBLIC INVOLVEMENT AND COORDINATION 

132. General. Public involvement and coordination with local 
representat i ves has been mai rita i ned throughout the study peri od. The 
project document outlines the public involvement up to the time of 
publication of that document in 1970. Following receipt of funds for 
Advanced Engineering and Design (AE&D), a notice of initiation was 
mailed to Federal, State, and local agencies and all private 
organizations and individuals known at that time to be interested in 
the project and associated studies. Responses to the notice 
reaffirmed the need for additional flood control, irrigation, outdoor 
recreation and fish and wildlife mitigation in the project area. 

133. Public meetings. - A public meeting was held on 24 May 1976 to 
inform the city, county, and interested organizations and citizens of 
the status of AE&D studi es and present what was thought at that time 
to be the best plan for the project. This pl an included provision of 
gates ·in the outl et works of the dams and is referred to as the "gated 
plan." Studies conducted prior to the public meeting showed that 
recreation at the reservoirs was not economically jllstified; 
therefore, only minimum facil·ities to pr'otect public health and safety 
would be provided. Strong opposition was expressed by the county and 
local citizens to the concept of providing recreation facilities of 
any leind, citing the extreme fire hazard in the area, policing 
problems, lack of exist·ing public access, and the problems of cleaning 
up 1 itter and damage that waul d be created by the pub 1 i c. 

134. A late stage publ'ic meeting was held on 20 March 1979 at which 
the sel ected or "bobtail ed" pl an of improvement formul ated at that 
time was presented to the publ ic. TheY'e was significant opposition to 
port.ions of t.he selected pl an. Because of this opposition parts of 
the plan were restudied and altered when possible to conform with the 
locals desires, The plan presented at the 20 March 1979 meeting 
included levees on Bear Creek downstream to Bert Crane Roael.. The 
levees along Bear Creek were to be extended to the East Side Canal 
after authorization to acquire miti gation lands adjacent to the levees 
between Bert Crane Road and the East Si de Canal was obtai ned from the 
Congress. The local interests strongly objected to the deferring of 
the levees on lower Bear Creek as well as acquisition of land for 
wi 1 dl ife. Because of these strong objecti ons, the present pl an was 
reevaluated to determine if a more acceptable plan could be 
developed. A new plan was developed which included wildlHe 
mitigation features between the project levees on lower Bear Breek and 
no acquisition of easements for m"itigatiol1. This new plan was 
acceptab 1 e to the Merced County Board of Supervi SOl'S at a pub 1 i c 
meeti n9 held on 12 Septembet' 1979. The pl an was accepted by the 
County and City of Merced and the State Reclamation Board. However, 
the plan was vigorously opposed by the Fish and Wildlife Service (FWS) 
and th~~ California Department of Fish and Game (DFG) citing that 
mit i gat ion for gees e was not adequ ate, i FtC 1 ud i n9 t he endangered 
Al euti an goose, The miti gation pl an was based on waterfowl use days 
supplied by the FWS. The original information did not include a 
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breakdown of the various types of waterfowl. At the 12 September 
meeting, t nls stat.E:d that 80% of the waterfowl affected were geese 
and that the proposed mitigation plan would not benefit geese. 
Through more coordination with the FWS, DFG, and local interests, the 
mitigation prob"lffil was resolved. The recommended plan presented in 
tlris report includes mitigation features acceptable to all parties. 

135. The local interests also suggested that we look at some 
aHernatives the present design of BUl'rls Dam. These "included, (1) 
not raising the dam but a.dding a perched sp"ilhlay to increase 
effective storage, (2) add a perched spillway and raise Burns Dam less 
than the current proposal, and (3) buil d a dam upstream of the 
ex"i sti n!J dam. These a lternati yes ha"d already been evaluated; however, 
because of the speci c request, new cost estimates for these 
proposa-is were made. The pl'esent proposal of enlarging the existing 
Burns [),ml to ?2,600 acre··feet r~Jllains the most economical solution. 

l36. Another suggestion reco"i ved was construction of a bypass for 
lower Bear Creek between Bert Crane Road and the Eas t Side Canal. The 
a lternati ve is i neluded in the l'ecommended plan. 

137. Tho SacY'amento Distri ct addr'essed the ~lerced County Board of 
Supervism's on 29 ,January 1980 and the State Reclamation Board on 14 
February 1980. At these meet"i n95, the Di str; ct presented a pl an which 
included acquisition of easements for !lIild"life mitigat"ion by local 
interests. 80th Boards voted to reaffirm their intent to provide the 
required acclJrances and stated their intent to provide the easements 
requ ed for w"ildHfe mit"i9ation ilt no cost to the Federal 
Government. Corri es of the "! etters frOl1l these agenci es are in Appendi x 
A. 

138. E!l~~iI:2.!!fll_ental __ wo~!inSL.J)aper_an(Li'_llYJ.Y'onmental statement:" - An 
environmental working paper was prepal'ed and distributed for review 
and comment in October 1975. As i). result of comments reviewed, the 
working paper was revised in December 1975 and was the basis for the 
revised draft Environmenta"1 Statement. The working paper was 
coordinated vrith the follow"inq agencies and organizations: 

Federal 

Environmental Protection Ag(, 

Fish and Wildlife Service 

Nat-ional Park Servi ce 
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Department of Housing and Urban Development 

Castle Air Force Base 

Soil Conservation Service 

Department of Health, Education anel Helfare 

National Marine Fisheries Service 

State 

Department of Fi sh and Game 

Department of Parks and Recreation 

Regional Hater Qual ity Control Board 

Department of i4at.er Resources 

Department of Health 

Department of Navigation and Ocean DevE!lopment 

f i ty and County 

Merced County PI anni ng Comm'isS'ion 

Merced City PI anni ng Department 

Merced Irri gation Distri ct 

9..r:SLani z ati ons 

Central Valley Flood Control Association 

CHi zens Envi ronmenta I Advi SOfY Comm'ittee 

California Hildlife Federation 

Sierra Club 

Audubon Soc i ety 
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139. Coordination with Federal agencies. - Close coordination has been 
maintalried throughout:-tne~~IillM studies with the Federal 
agencies noted in the pY'ev'ious paragraph, particularly with the Fish 
ilnd \,Iildlife Service (FWS). The FWS furnished information on fish and 
wi 1 dl He resources of the area, evaluated impacts of the proj ect, and 
recommended miti gation and enhancement measures for fish and 
wi ldl ife. The recommendations of the FWS are included in the 
following paragraph. The BUr'eau of Reclamation conducted all the 
studies for the project related to irr'igation water supply yield and 
benefHs. The Cultural Resources Reconnaissance Survey Report and 
5upp 1 ement were sent to the Offi ce of ArcheD 1 09Y and Hi stari c 
Preservation of the Heritage Conservation and Recreation Service 
(HCRS)" former'ly of the National Par'k Service and to the State 
Historic PreservaUon Office for comments and recommendations. A copy 
of the report was also sent to the National Museum at the Smithsonian 
Institute and to DeE. The more detailed Phase II intensive cultural 
t'esourc:es survey wi 11 also be presented to the HeRS for their comments 
on that report. Miti gation wi 11 be impl emented duri ng constructi on 
subsequent to approval of at Memorandum of Agr'eement between the Corps, 
the Advisory Counc'il on Historic Preservation, and the HCRS. Any 
narlinat'ions for the National Register of Historic Places would be sent 
through the Offi ce of the Chi ef of Engi neers to the Keeper of the 
Reg i ster. 

140. Fish and Wildl ifE! Service recommendations (see Appendix B foy' 

FWS Report): For wi] d 1 if e cornpens at ion, it is recommended that the 
Corps of Engineers require: 

Recommendatiol1 1: 
wildlife resources 
accompl i shed by: 

That compensation for wetland and related 
losses in the v'i ci n ity of lower Bear Creek be 

(il) Local sponsors providing perpetual easements for wildlife 
habitat conservation on a minimum of 2,800 acres of natural 
marsh and grassland, as identif'iecl in the attached Detailed 
Eval uation. Under' condit.ions of the easements, up to 400 
acres of grassl and may be identified for future conversion to 
irri gated permanent pasture; 

(b) Providing three water wells capable of yielding approximately 
4,000 gallons per minute each for use in optimizing existing 
habitat and developing additional marshland habitat within 
the area covered by the conservation easements; 

(e) Consulting with the U.S. Fish and Wildl He Service and the 
Cal iforni a Department of Fish and Game during the advanced 
planning and design phase and the construction phase on all 
aspects of implementing the proqram. 
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(d) Providing for acquisitiol1 of the w"ildlife habitat conserva
tion easements prior to the construction of project works 
belaYI Bert Crane Road. 

(e) Grant i ng the easement to the United States of Amer; ca with 
administrative responsibility assigned to the U.S. Fish and 
Wi 1 dl ife Service for the purpose of monitori ng and enforcing 
the pravi s'i ons of the easements. Operation and mai ntenance 
of the wildl ife compensation area is to be the responsibil Hy 
of the manag'jng entity which is to manage the area in 
accordance with an operat i on and rna; ntenance rnanua 1 deve loped 
by the Corps of Engi neers in coordi nation with all parti es. 
All costs for operation and maintenance should be designated 
proj ect cos t s. 

Response: Concur. Non-Federal interests have provided assur
ances they wi 11 obti an the easements at no cost to the Un iteel 
States. 

Recommendation 2: That compensation for the loss of marshland" 
and associated wildlife, resulting from construction of the Bear 
Creek Bypass channel be decompl ished by creating an equivillent 
acreage of marshl and between project 1 evees through exc:avat ion 
and shaping. It is presently estimated that repl acement of 25 
acres of marshl and wi 11 be necessary. 

Response: Concur that direct impacts to marshland should be 
rn'itigated by creating an equivalent acreage of new marshland. 

Recommendation 3: That compensation for the loss of 6 acres of 
woody riparian habitat, and associated wildlife, be accomplished 
by creat i ng ill minimum of 6 acres, of I'i pari an habitat on 
project-acquired 1 ands between levees. Estimated development 
cost is Sl,OOO per acre. 

Response: Concur. 

Recommendation 4: That compensation for the loss of riparian 
habitat, and associ ated wilen He, resuH'ing from constrllct'ion
related activities at the damsites be accomplished by creating an 
equivalent acreage of r'iparian habitat on project acquired lands, 
preferrably at the dam and detention reservoir sites. It is 
presently estimated that replacement of 39 acres of ripilrian 
habitat wnl be necessary. Estimated development cost 'is $1,000 
pH acre. 

Response: Concur that lands required for other project purposes 
will be used to create about 39 acres of riparian habitat between 
the levees. 

Recommendat ion 5: That all acres d'i srupted duri 119 proj F'ct 
construction and not specifically dev~loped for wildlife. be 
seeded with grass species of value to wildlife as identifiE!d in 
the Detailed Evaluation. 
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Response: Concur. 

Recommendation 6: That adverse impacts on wildlife habitat 
throughout the project area be held to a minimum by utilizing, to 
the extent reasonable, the least damaging construction methods 
and by leaving construction areas in a condition conducive to the 
regeneration of wildlife habitat, particularly emergent marsh 
vegetation. 

Response: Concur. 

Recommendation 7: That project operating criteY'ia, developed in 
coordination with the United States Fish and ,.Jildlife Service and 
the Cal iforni a Department of Fi sh and Game for the protecti on 
and development of fish and wild"life y'esources, be adhered to as 
long as the Corps exercises direct operational control over 
project features, and that any agreements entered into for the 
release of operat.ional cantY'ol to another agency include 
sti pul ations to prevent devi ation from these criteri a. 

Res ponse: Concur. 

For wildlife enhancement, it is recommended that the Corps of 
Engineers consider: 

Recommendati on: That environmental easements for the purpose of 
wetl and improvement be acquired on 2,300 acres of natural marsh 
and grass] and, as identified in the Detailed Evaluation. The 
cost of the easements, presently estimated at $900,000, should be 
designated a nonreimbursable Federal cost. Opeation and 
maintenance costs fOI' the vietl and enhancement area would be 
assumed by the U.S. Fish and vlildl He Service .. 

R("sponse: We do not concur with aquisition of a 2,300-acre 
wet I and enhancement area due to the object ions expressed by I oca 1 
interests concerning this proposal .. We recognize that a wetland 
enhancement area slJch as descf'ibed in the June 1978 Draft General 
Design Memorandum would have significant benefits for the 
Nittional Migratory Bird Program. However the non-Federal 
sponsors for the project object to the acquis"ition of lands for 
UI"i s puY'pose and therefore do not recommend thi s measure as part 
of the Merced County Streams Project. Should non-Federal 
i nteres ts change thei r present vi elV and support thi s concept, 
further evaluation could be made during the phase II studies and, 
if found to be desirable, a special report could be submitted 
seeking the congressional authorizat"ion which would be needed to 
acquireiands specifically for fish and wildlife. 
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141. Coordination with non""Federai interests. Coordination was 
maintained with the Califcirnl-a--OepiirtmenfoT-Fish and Ga'T!E~ (DF&G), 
Department of 'Water Resources (DWR), Recla11ation Board, and Department 
of Parks and Recreat-ion. The DF&G worked closely with the HIS in 
developing mitigation requirements for the project. In addition, 
close coordination has been maintained with the city and county of 
Merced and the Merced Irrigation D-istr-ict. The Cultural Resources 
Reconnaissance Survey Report and Supplement wore sent to the State 
H'i stor; c Preservati on Offi cor (SHPO) of the Cal Horni a Department of 
P arks and Recreat i on. No perti neflt comment has been rece-i vea to 
date. A copy of tile above transmittal letter was also sent to the 
Nati ve American Heritage Commission. The Phase II Field Survey Report 
wi 11 be sent to the SHPO for thei r comments and to coord i na!te any 
mitigation that might be required. 

142. Cemments of F edera l--'!.gen_cJg_~. -

a. Department of Commerce (National Oceanic and Atmospheric 
Adm-inistrat"ion). - Review"(:orriiii-ents on the selecfed plan are c-o"ntiifii"e;j 
1 n a letter Trem Department of Canmerce dated 27 March 1979, i ne 1 ude(j 
in Appendi x A. 

In sUrrinary they requested that ",eather' forecast services be 
i ncl uded as a non- str'uctura,'j a lternat'i ve. 

b. Federal Energy Re.9JJlatClr.L_~2mmissj_q"ll. - Review comments are 
contained in a 1 etter dated 22 Mar-en 1979, incl uded in Append'ix A" 

The Cemmission agrees that there is no potential for 
hydroel eetri c generati on at the proposed deve-j opments. 

c. Department of Health, Education and Welfare (Publ ic Health, 
Servi ce). - Revi e\'-l cornmenfs---arecontaTned---filil-TiiTterdate(lr May' 
I979, included in Appendix II. 

Their main concern is a potent; al for an 'increase "in the mosquito 
popul ation. 

d. Qepartment 9~~!£'!l!:uv'u£~!:est ":~£~~.lce)". - Review comments 
are contained in a "letter dated 12 April 1979, included in Appendix A. 

They see no major 'impacts on National Forest or State and pr'ivate 
forest 1 ands resul ti ng frem the PI'OPOSE,d project, 

e. Qepartment __ oj~~.9!"_Lcul~_~~c ... __ ~()l.L_C_l2f!se,=ya~i on _~er~vj£,,1, 
Revi ew comments are conta -i ned ina 1 ettel' dated 11 Apri 1 1979, 
included in Appendix A. 

In SUrrinary they note that the draft EIS does not adequately 
recognize the limitations of the soils for the proposed construction 
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and that there was no consideration given to alte:rnatives to the loss 
of pr-i me farm 1 ands . 

f" pepartmenLof I nteri or:_JHerit~~2nse!:.lJati?11 .and Recreation 
Servi ce). - Revi ew comments are contai ned ina 1 Etter dated 21 ~lay 
BI9:-Tncluded in Appendix A. 

They feel that the nature and character of the resources have 
not been addressed and that any elll tural mit-i gati on recommendations 
are prE'l'nature" 

g" Env ir0rl11enta 1 Protect i '?ll __ ~~_~lC,\,:" Rev i ew comments are 
contained in a letter dated 9 April 1979, included in IIppend·ix A. 

Responses to the above noted COr1CenlS are contained in the 
final EIS. 

The comments of EP II on the draft env i ronmenta 1 statement have 
been c·lassified as "Lack of Object"ion", -indicating that EPII has no 
objection to the proposed plan as described in the draft environmenta·1 
statement. 

143. .t;:gmments of State t\.,gencies. -

a .. Formal comments of the State of Ca-liforl1ia are summarized in 
a letter dated 10 May 1979 from the Resources IIgency of California, 
included in IIppendix A. State review was coordinated with the 
Department of Conservat.ion, Fish and Game, Food and IIgriculture, 
Health Services, Boating and Waterways, Parks and Recreation, and 
Water Resources; the Air Resources" Reel amati on, State Water Resources 
Control" and Sol id Waste Management Boay'ds; the Energy and State Lands 
Commiss-ions; and the Merced County IIssoci ation. Specific comments are 
summarized as follows: 

(1) The selected and formulated plans are easy to confuse 
with eetch other. 

(2) Reques t that the Mar·i posa and Deadman-Dutchman Stream 
groups be mon·itoredi n the future to see if a project may become 
feasible for that area. 

(3) The State Rec 1 am at i on Board SUPPOy'ts the proj eet 
prov; <Jed the Bear Creek Stream ~Jroupi s constructed to tie into the 
existin~l levees of the States' l.ower San ,Joaquin River Flood Control 
Project and also !~n-Iarge the inlet structure at MaY'iposa Creek. 

(4) The Department of Fish and Game would 1 ike to see a 
compl ete project with levees on lower Bear Creek and the acquistion of 
1 ands for miti gation. 
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(5) The EIS should discuss the potential for 
established marshlands and riparian habitat to produce pests 
di sease mosquitoes. 

the 
and 

(6) The EIS does not adequately discuss impacts of 
construction activities on the qual ity of waters in the area. 

(7) There were numerous specific comments about channel and 
levee alignment which will be considered during the Phase II studies. 

Res ponses to the above noted concerns are canta i ned in the 
final ElS. 

144. Comments of County~~~cie~. -

a. Comments from Mer'ced County Planning Commission are 
contained in a letter dated 2 March 1979, included in Appendix A. 

145. Comments of Local Landowners" .. A number of letters commenting 
on the proposed pI an wer"e received by the Corps of Engi neel"S and 
Merced County" Most of these "letters are contained in the transcript 
of the public meetings he"ld on 20 March 1979 and 12 September 1979., 
The comments generally are related to specific concerns over the 
potenti al impact of the project on 1 ands and the pl ans of the 
landowners involved. The concerns expressed will be consider'ed in 
deta fI ed pl ann; ng for the Phase II General Desi gn Memorandum. 
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CHAPTER XV - PUBLIC ACCEPTANCE 

146" G ene, a 1. .. L DC ali ntere, ts )'ecogl1 i ze the need for f1 oDd cont 1"0 1 
in the -Mer'ced area. The State Rec"iamation Board, ~Ierced County, and 
the City of Merced have expressed their support for the project. 
However, all three entities have expy'essed stron~l disappointment over 
the deferra"1 of t>1ar"iIlOSa and Deadman·"Dlltchman Stream groups. They 
cite the need for flood control south of Merced and the need for 
additional irrigation water, es cia"ily in times of drought. Local 
interests would pv'efer that the entire project be constr'ucted at thi s 
time, but recognize the economic limitations and strongly support 
construction of f1 (lod contro'l works on Bear Creek Stream group. 
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CHAPTER XVI - CONCLUSIONS 

147. General. - The District Engineer has reviewed and evaluated, in 
light ufthe overal"! public interest, theinformatiol1 contained. in the 
envkonmenta 1 statement and other documents concerni ng the ~lerced 
County Streams, Cahfornia, project, and the views of other agencies, 
organizations, and 'individua"ls on the environmenta-I and other impacts 
of the proposed wOY'k and al ternati yes to the proposed project. The 
District Engineer has personally inspected the project areil and 
conducted meetings wHh 'Iocal government officials, landowners, and 
representatives of environmental, fish and wnd'life, engineering, and 
conservation interests. The proposed work, as \Nell as each 
alternative considered, were studied and evaluated for eng-ineotin9 
feasibility, environmenta.] effect, social well-being, and economic 
factors. Specific attention was given to the need for flood control, 
general recreation, fish and wildlife enhancement, and irrigation 
purposes for wh"ich the project was authorized, while also considering 
the requirements of the Nat-ional Environmental Policy Act. In making 
this evaluation, specific attention \Na.5 given to the following factors 
in order to prov-icle a balance of all considerations. 

148. Eng·ineering.corisider,{!!.:igns. - Alternative flood control solutions 
considered included an-ail reservoir system, an all levee and channel 
systen, combinations of levees and reser'voirs, nonstructural flood 
protection measures" and no action. Of the various alternatives 
investi gated, a levee and reservoir system was determined to meet the 
needs and desires of local interests for flood protection more 
sat i sf actorily than other methods cons i dered. The recommended 1 evee 
and reservoir p-Ian was developed in close coordination with local 
interests. Modifications to Fahrens Creek and additional 
modifications to Black Rascal Creek, not specifically Included In the 
author! zed Pl'Oj eet, have lJeeni nd uded In the recommended r.d an to 
i ncr-ease the fl Dod protection off eY'ed to the urban areas of r~erced. 
The recommended pI an \IIould provide standard project flood protection 
(SPF) to most of the urban areas of ~lerced, l.OO--year protection to the 
area around the airport and a minimum of 50-year flood protection to 
rural areas a"long Bear Creek west of Merced. 

149. Economic considerations, -- The authorized plan of 'improvement for 
the M-e;;'-ced County Streams--p;:"oject i ncl uded impY'ovements on the Bear', 
~lariposa, and Deadman,-Dutci!l1lan Stream groups. The results of stud'ies 
conducted during the advance pl anning pr'ocess and information obtaine(j 
during coordination wit 11 FNleral, State, and 'Iocal agenc'ies indicated 
that. authorized work on Mariposa and Deadman-Dutchman Stream groups 
could not be economical'ly justified at th-is time. For this Y'eaSOI1,. 
improvements on these stream groups are be'i ng del' erred lIntll slich time 
as impr ovements are cleaned f eas'i b 1 e. Theref ore, tile recommended pl an 
i rlcl udes improvements on the Bear' Creek Stream group only. As at 
result of th-is decis'ion, the potential of providing irrigation was 
a 1 so def erred. The n!commended p'l an i riC 1 udes flood control 
'impr ovements on F ahrens CreE:k and addit i ona 1 modifi cati ons to B-1 ack 
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Rascal Creek that were not included in the authorized project. These 
features have been added to balance the level of protection provided 
the urban areas of the city of Merced. The economically optimum flood 
control plan for the Bear Creek group would have provided 100·, to 
200-ye aI' 1'1ooel protect i on to exi s ti rig urban areas in and adj acent to 
Merced, Because it is considereclin the public interest to provide 
Standard Proj ect Flood protecti on to urban areas, several 
modifica,tions have been incorporated into the recommended plan that 
wi 11 provide this level of protection to most of urban Merced. 
Outlying rural areas would be pr'ovided at least 50--year flood 
protection; higher levels were not feasible from an economic and 
engineering standpoint. Recreation facilities were considered at 
var'ious reservoir sites; however, local interests objected to 
prov'iding access to the reservoirs, and no local sponsor was wining 
to participate in developing and oper'ating recreation at the 
reservoirs, The city of Merced expressed interest in providing a bike 
t rai 1 and par'kway a long the channe 1 works in and adj acent to Merced. 
P,ccord i ng 1 y, the recY'e at ion plan current 1 y cons is ts of recre at ion 
development along Fahrens and Black Rascal Creeks, Long-term 
productivity of the area would be increased due to the protection 
offm'ed to urban and agricultural areas; however, current land use 
piitterns are not expected to change as a result of the project. There 
would be a short-term increase in the employment of local people 
duri ng constructi on of the project and a s 1 i ght, s hort- term increase 
in the retail trade resulting frClll construction employment. The 
recommended pl an of improvement was found to be economi ca lly f eas i b 1 e, 
with a 1.2 to 1 benefit-cost ratio,. and would prevent average annual 
f1 ood damages of $5,442,000, reduce future average flood ins urance 
costs by about $938,000, provide recreation benefits of about $62,000 
annually and provide a short-term construction employment benefit 
which has an equivalent annual va'lue of $676,000 over the 1 ife of the 
project. 

J.50, Environmental considerations, - The major areas of environmental 
concern· associ ated with t.he recommended pl an were: (1) marshl and and 
riparian vegetation along lower Bear Creek, (2) riparian vegetation 
il'long Fahrens Creek, and (3) riparian vegetation at Castle, Bear, and 
Burns Reser'lIoirs, To preserve wi 1 ell He habitat along F ahrens Creek, 
levees would be set back at a d·istance sufficient to include these 
l'esources and provide adequate flood protection. Borrow areas at 
reservoir' sites would be placed to avoid at least 80 percent of the 
existing riparian vegetaUon, In accordance with Executive Order 
11990, Protection of Wetlands, it has been determined that there is no 
practicable alternative to the proposed construction. All practicable 
measures to minimize harm to the existing wetlands have been included 
as stated above. For fish and wildlife management, (1) riparian and 
upl and habitat between setback levees would be improved by eliminating 
grazin~l, (2) new marsh and ripari an habitat would be created, and (3) 
cultivated agricultural lands between setback levees would be 
converted to wildlife habitat. 

115 



151. Social __ ~~ll·,being consid~!:.at.i0ns. ___ ,_)mp'lementation of the 
recommended pl an waul d si gnifi cantly reduce flood damages ami waul d 
prevent serious disruptions in earnings and life-style for residents 
of urban areas in and adjacent to Merced. Potential losses to 
agricultural and livestock productivity would also be reduced in rural 
areas. Socioeconomic studies have -indicated that the project would 
not si9l1ificant'ly affect current OY' future land use. The majorHy of 
urban development that will take place in the flood plain has already 
DC cur-red, and agr i c u1tur all and uses are 1 im ited by son type and the 
availability of irrigation water. The project would displace one or 
two families. Relocation assistance would be provided in accordance 
with the -I aw. During the construction phase of the project, there 
vlould be a sma1'1 short-term inf"iux of construction workers, but it is 
not anticipated that cOlll'nunity services would be Significantly 
affected. Local hiring of construct-ion workers would slightly reduce 
local unemployment and provide additional revenues to the local 
economy. Local tax revenues wou'ld be lost on approximately 1,200 
acres of publicly acquired project lands. The project would impact 18 
cultural resources sites examined in a cultural resource 
reconnaissance. An intensive cultural resource survey w"ill be 
conducted during Phase II acti vities. The project would 'increase 
recreati on resoUY'ces in the area by provi di ng a bi keway and recreati on 
trail along Fahrens and Black Rascal Creeks .. 

152. Analysis. The District Engineer has found that the 
envirormental statement meets or exceeds the requirements of the 
National Environmental Policy Act; that the proposed action is based 
on a thorough analysis and evaluation of various practicable 
alt,ernatives for providing flood protect'ion, I"ecreation, and fish and 
wi 1 dl ife enhancement for the ~1erced County Streams project area; that 
miti gation efforts would offset almost all adverse env'ironmental 
impacts and that minor rEma'ining potential adverse environmental 
impacts are out\~ei ghed by other consi derations; and that the 
recommended action -is consonant with national poney, statutes, and 
adm'inistrative d'irectives. On balance, the total public interest 
would best be served by illlplf'JTIentation of the Merced County Streams 
project. 
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CHAPTEH XV I 

153. Recommendations. ~ It is recommended that this Design Memorandum 
and the--i)i an prese-nted herei n for the Bear Creek Stream Group be 
approved for Phase II detailed desi gn and construction to provide 
flood control, recreation, and fish and wildlife mitigation features. 
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MERCED C()UN TY STREAMS, CALI FORN I A 
NOT E : 

This chart presents Bear Creek SPF hydrographs 
(project conditions) at Eastside Canal computed 
using different routing coefficients. '?outing 
reach is from Canal Creek to Eastside CC\oal. 
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II 0 T E : MERCEQ COUIITY STREAMS, CAL I FORN' A 

This chart presents Fahrens Creek SPF hydrograpns 
at Black Rascal Creek (pre-project conditions) 
computed using different routing coeffici~~nts. 
The hydrographs include the effects of routing 
flows on Parkinson and Fahrens Creeks from the 
Main Canal to Black Rascal Creek combined with 
local flows from the area below the ~lain Canal. 
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