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1. INTRODUCTION 

1.1 Background Information 

I n 1960 the Burns-Porter Act was approved in the State of Califor­

nia. It called for the construction of a complex system of surface 

water storage reservoirs and wa ter conveyance facilities for the trans­

f er of large quantities of water from Northern California (where two 

thirds of the state \vater runoff originates ) to Southern California 

(where 70% of the state total water demand is concentrated) as part of 

the State Water Project (SWP). The SWP along with the federally 

operated Central Valley Project (CVP) are the two major water projects 

in California. 

The Burns-Porter Act also provided for the construction of Delta 

facilities for water conservation and supply within the Delta, transfer 

of water across the Delta, flood and salinity control, and other func­

tions. The Delta is an area approximately 700,000 acres in size lying 

i n the vicinity where the Sacramento and San Joaquin Rivers converge to 

discharge over 40% of the state's total runoff into the San Francisco 

Bay (Fig. 1. 1) . It is also the area where 60% of all the diversions 

take place into the SWP and -CVP for transfering wa ter to Central and 

Southern California. 

The Delta is a vast maze of waterways a nd islands beset by several 

hydrologic and environmental problems; reduced outflows because of up­

stream use and low outflows in dry years result in sea water i nt r usion 

fro m the ocean, high wa ter levels during the winte r sea son, and high 

o cean tide s resulting in periodic flooding a nd loss of runoff. 
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1.2 Peripheral Canal 

In 1977 after seventeen years of intensive studies, in cooperation 

with the United States Bureau of Reclamation (USER) and the U.S. Army 

Corps of Engineers (USCE), including reappraisals of the different 

alternatives to cope with the Delta problems, the California Department 

of Water Resources (DWR) reaffirmed that the Peripheral Canal (PC) would 

be the best alternative to the Delta problems. The forty-two-mile long 

canal would divert Sacramento River water near the town of Hood and 

transport it around the eastern edge of the Delta to the SWP and CVP 

pumping plants located on the southern edge (Fig. 1.1). It also would 

allow for the release of fresh water into the Delta at selective points 

along the canal for irrigation, fish and wildlife, recreation, and 

counteracting salt water intrusion. 

1.3 Scope and Objectives 

Of the many different problems associated with the design and 

operation of the Peripheral Canal to be studied carefully is sedimen­

tation, in particular, the amount of sediments carried by the Sacramento 

River that would be directed into the Peripheral Canal. This is impor­

tant because of the potential.·problems that it can cause; sedimentation 

in the canal itself resulting in reduced flows, downstream damage to 

agricultura l lands, damage to pumps a nd turbines a t the SWP a nd CVP 

i ntakes, to name but a few of the effects of the canal on the amount of 

sediments carried by the Sacramento River downstream fro m the canal 

i ntake. 

Prior to carrying out any extensive a na lysis, it is of prime i mpor­

tance to examine t he a dequacy o f the data base a vail a ble for a nalysis. 

The United States Geological Survey (USGS) has been publishing a nnua l 



4 

reports containing daily discharge a nd sediment load data for the Sacra ­

mento River a t Sacramento (I -Street gagi ng station) sin ce 1956 . Begin­

ning wi th wa t er y ear 1979-1 980, the USGS stopped publishing da t a for the 

Sacramento I-Street gaging station a nd replaced it wi th a gaging station 

a bout 11 mi le s downstream at Freepo r t . I n add i tion , beginn i ng in 1978 

the US GS in cooperation with the DWR started collecting hydrologic and 

s ediment-re la ted data for the Sacramento River near the town of Hood 

(approximately 21.3 miles south of Sacramento), the proposed site for 

the intake to the Peripheral Canal. The data at this location we re 

collected only at intermittent intervals, however . 

The ma in obj ectives of this report are : 

1. 

2 . 

3 . 

To describe the preparation o f the data base f or subse­

quent analysis. 

To present the results of analyses o f the data collected 

a t Hood and correlations with data measured at Sacramento 

a nd Freeport. 

To give a n a nalysis of the expected amount of suspended 

sediment to be directed i nto the PC. 
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2. DATA BASE 

2.1 Introduction 

Discharge and total suspended sediment load are the Sacramento 

River characteristics of main concern to this report. Both refer to 

measured values at particular gaging stations; discharge is the amount 

of water crossing the stream-gaging station river cross-section during a 

given period of time, and total suspended sediment load refers to the 

total suspended sediments carried by the river across the same cross 

section during the same period of time. 

measured. 

Daily values have been 

Since the lower reaches of the Sacramento River are affected by 

ocean tides over a period of approximately 25 hrs, discharge values vary 

accordingly. Consequently, a number of measurements of discharge must 

be taken during the tidal cycle and an arithmetic mean determined in 

order to express the mean daily discharge of the river. Daily values 

for the total suspended sediment load carried by the Sacramento River 

are obtained by multiplying the mean daily discharge of the river and 

the mean daily suspended sediment concentratiop (which is usually ex­

pressed in parts per million (ppm), or milligram-per-liter (mg/ Q)), 

along with an appropriate conversion factor. For example, daily 

suspended sediment load (tons/day) = 0.0027 times mean daily discharge 

( cfs) times mean daily sediment concentration (mg/2). 

2.2 Sacramento-River Stream Gaging Stations 

This report is concerned with the values of the mean daily dis­

charge and daily suspended sediment load of the Sacramento River at two 

locations along the river. 
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2 .2. 1 Sacramento River at Sacra mento 

Hean daily discharge and sediment load values have been measured 

a nd reported by the USGS for the Sacrame n to I-Street gaging station 

located a bout 0 . 5 miles downstream fro m the conf l uence of the American 

River with the Sacramento River (F i g. 2. 1 ) for the water years from 1956 

to 1978. In 1979 the gaging s tation named Sacramento River a t 

Sacramento wa s moved to Freeport about 11 miles south of Sacramento . 

The mean dai l y flows at the two locations are essentially the same. 

According to the USGS (Oltman, 1979) the extraction of wa t er by small 

irrigation pumps a nd the presence of small drains that discharge water 

int o the river has an insignificant net effect on the riv er di scharge 

between the two stations. Also, the periodic operations of the naviga­

tion locks connecting the Sacramento River and the Port of Sacramento 

deepwa ter ship channel ( located a bout 2.1 miles downstream fro m the 

Sacramento I - Street gage) do not affect the Sacramento gaging station 

significantly. 

Consequently, for the purpose of this report, the data collected a t 

Freepor t is a s s umed to be an extension of the information fo r the Sac ra ­

mento River a t Sacramento, and as shown later in this report, t here is 

a n excellent correlation between the two sets o f data. 

2 . 2 . 1 . 1 Methods for mea s uring a nd c alculating mean daily discharge 

a nd mean daily suspended sediment l oad 

Pr ior to 1976 , two techniques were used by the USGS to 

me as ure the mean da i ly discharge, depending upon i t s magnitude. 

Fo r disch arge s g rea t er tha n 40,000 cfs the convent ional stage -

d ischarge method wa s used . Fo r disc ha r ges less t han 40, 0 00 cfs 

(w hich exi s t abou t 80 percen t o f the time ) the f low is a f f ected by 
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the tides, and the stage-discharge c urve is no longer single 

valued. Consequently, the stage-fall-discharge method was used 

( 0 l tma nn , 19 7 9 ) . Stages for both the Sacramento River at Sacra-

menta gaging station a nd an auxiliary gaging station located 

10 . 8 miles south of Sacramento (Fig. 2.1) were used . The technique 

provides reliable mean daily discharge val ues , but it is not reli­

a ble for determining instantaneous discharge, particularly for 

flows smaller than 14,000 cfs (which exist 40% of the time) . 

Furthermore, the technique requires about 20 conventional discharge 

measurements over the 24- to 26-hr tidal cyc le . Consequently, the 

USGS, in cooperation with DWR, developed a t ransient-flow computer 

model for the Sacramento River a nd tested it on the 10.8-mile-long 

Sacramento to Freeport reach utilizing syncronized stage data at 

both ends (Oltman, 1979). The model was later extended an addi-

tional 10.5 miles to Hood (O ltman, 1980 ) . The synchronized stage 

val ues a t Sacramento a nd Hood were used a s model bo undary condi-

tions (Fig. 2 .1 ). Discharges at Sacramento and Freeport for both 

in tervals were obtained using the model, and ehe mean daily dis­

cha rge \va s taken as the a rithmetic mean of the values throughout 

the day. All discharge data reported by the USGS sinc e February 

1976 were obta ined through use of the model. 

Da ily suspended sediment concentra t ions i n the Sacramento 

River 1vere obtained using the ·I ntegrated Sample Technique . The 

sediment sampler i s lowered close to the river bed and i s then 

rai sed s l owl y a t a un iform ra t e. The s ediment s ample i s weighed to 

de termine the a moun t of s ediment per unit water volume . The result 

i s e xpressed i n units o f mg /Q . 
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There is no uniform procedure for classification of the 

types of sediments. 

sediments: 

In general, however, there are two s o urces of 

a. Sediments originating from the channel bed material referred to 

a s bed-material load. These a re the sediment part icles origi­

nating from the bed and transported along i n close proximity t o 

the channel bottom ( referred to as bed load), a nd the suspended 

particles originating from the bed material and carried in 

suspension. 

b. Sediments originating from upstream sources such a s bank ero­

sion, normally composed of particles finer than the bulk of the 

bed material particles and referred to a s wash load. 

Total sediment load (as measured by the integrated sampler ) thus 

accounts for both the wash load and most of the bed-material load. 

For practical reasons, when sediment measurements a re being made it 

is difficult to lower the sampler all the way to the channel b e d, 

a nd some of the bed load may not be measured. It is reasonable to 

a ssume that the amount not measured is only a small part of the 

total sediment load , a nd therefore the values published in the USGS 

annual reports refer to the "total sediment load". In this report, 

the te r ms daily s uspended sediment load a nd total sediment load a re 

used i ntercha ng e a bly, even though the values give n are not pre ­

cisely "total loa d" but s omething l ess. 

As 1-1as pointed ou t in a DWR s tudy ( DWR , 1977), most of the 

s ediment load is actually was h load . The original so urce of t hese 

sed iments we r e the hydraulic minin g operations carried but in the 

Nor thern Sierra Nevada i n the la te 1800s. 
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2.2.1 . 2 Data sources 

Values for mean dai ly discharge ( cfs ) , daily sediment 

concentration ( mg /Q), a nd daily suspended sediment load (tons /day) 

for the water years 1956-1957 through 1978-1979 on computer cards 

were obtained from the USGS i n October, 1981. The discharge and 

sediment values were checked against va lues published in repo rts of 

the USGS and the DWR. Minor discrepancies were correc ted and 

missing data were filled in. In addition, Freeport data for the 

water year 1979-1980 (the last year for which publ i shed data was 

available) were also included. Annual USGS r eports have been 

published containing daily discharge and sediment data. The re-

ports for water years 1956-5 7 through 1963-64 are available as 

individually numbered USGS Water Supply Papers . The reports f or 

water years 1964-65 through 1979-80 are available yearly as Water 

Resources Data for California. A total of 8, 766 daily discharge 

and sediment values for the 24-yr period were checked at the 

UC Davis Hydraulic Laboratory and stored on magnet ic tape for 

subsequent analysis. 

2.2 . 2 Sacramento River at Hood 

The USGS a nd the DWR i n a cooperative effort set up a program to 

periodically monitor the Sacramento River a t Hood. Beginning in May 

1978 the data collection procedure wa s initiated a t fo ur loca t ions along 

the Sa cra mento River near the town of Hood (Fig. 2.2). Section 1 is 

loca t ed ups t rea m from the proposed PC i ntake loca t ion, Section 2 at the 

proposed i ntake location, and Sect ions 3 a nd 4 downst ream. The loca -

tio ns of the se ctions are s hown in Fig . 2 . 2. A typical sample of the 

data collec ted is s hown in Fig . 2 . 3 . At a ny section, measurements of 
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water velocity and sediment concentration were obtained at four to five 

locations across the river a nd at five to six depths. In addition, for 

data co llected since 1980, sediment values using the Depth Integrated 

Sampler technique were a lso obtained. Bed samples were also obtained 

for s ubsequent particle size distribution analysis; a n example is shown 

in Fig. 2.4. 

Of the sixty measurements obtained between ~lay 18, 1978 and Sep­

tember 17, 1981 ( inclusive), ten were discarded due to a lack of sedi­

ment concentration measurements and/or unavailability of river stage 

data ( due to possible stage recorder malfunction) . The subsequent 

a nalysis is based on the revised set of data obtained from the USGS in 

Harch 1982. A summary of the dates in which the measurements took 

place, the section, and the hours of day during which the data were 

collected is shown in Table 2.1. An example of the grain size distribu­

tion is given for Section 3 in Fig. 2.5. 
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Table 2. 1. Dates and Locations for Data Collected at Hood. 

Date Hours Section 

1978 May 18 1030-1330 2 
Nov 21 1200-1412 4 
Nov 22 1350-1600 2 

0950-1320 3 
Nov 27 1223-1509 1 

1979 Jan 19 1205-1329 1 
1355-1527 2 

Feb 13 1245-1450 1 
1005-1215 2 

Feb 22 1015-1235 2 
1305-1455 3 

Mar 19 0940-1130 2 
1200-1330 4 

Apr 13 1010-1140 1 
1215-1325 2 

June 5 1015-1150 1 
1220-1355 2 

July 17 1110-1320 2 
1325-1505 2 

July 18 0930-1110 1 
1130-1315 1 

Aug 15 1030-1210 2 
Aug 16 0830-1000 2 

1000-1115 2 
1130-1310 2 

Sep 6 0910-1100 3 
1135-1255 3 
1300-1410 3 

Sep 11 1000-1140 4 
1200-1320 4 
1340-1500 4 

Sep 12 0930-1100 l 
1115-1225 1 
1240- 1400 1 

1980 Feb 28 1400-1540 1 
1055-1235 2 

Feb 29 1300-1420 3 
1000-11 20 4 

J un 24 1100-1455 4 
Jun 25 1020-1340 3 
Jun 26 0940 -1325 2 
J un 27 1045-1500 1 

1981 Apr 28 1250-1420 1 
Apr 29 1030-1305 2 
Apr 30 1130-1420 3 
May 1 1005-1310 4 
Sep 15 1015-1215 1 
Sep 16 085 5-1115 4 

1215 - 1355 3 
Sep 17 0840 - 1100 2 
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3 . ANALYSIS OF SACRA~ffiNTO RIVER DATA COLLECTED AT HOOD 

3 .1 Introduction 

A \.Jeighted-average-technique \.Ja s used to determine the mean daily 

discharge (cfs) and mean daily suspended sediment load (tons/day) a t 

Hood for each of the measurements listed in Table 2 .1. A statistical 

analysis was carried out to determine the correlation between the cal ­

culated values a nd the corresponding historically-measured values at 

both the Sacramento and Freeport gaging stations. A comparison of the 

mean daily suspended sediment load as obtained from the point samples 

and the integrated sample was also carried out. Finally, sediment-

discha rge relationships were determined for later compari son purposes. 

3.2 Supplemental Data 

In addition to the velocity and sediment concentration values, the 

following data were also obtained for subsequent analys is: 

a. Sacramento River section profiles 

The cross-sectional profile of the Sacramento River at the four 

section locations have been surveyed periodically. The latest 

available data at the UCD Hydraulics Laboratory was used to define 

the four sections. Plots of the sections a re s hown in Fig. 3 . 1. 

b. River stage values 

The depths to the points a t which velocity measurements were 

made and samples taken to determine suspended sediment concentra­

tion were measured relative to the water surface a t each loca t ion. 

Beca use the eleva tion o f the water surface ( river stage) ~<.' as not 

measured at the time of da t a collection it was necessary to rely on 

r iver s ta ge data available a t nearby locations . 
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There are two 15-min synchronized stage recorders located i n 

the vicinity of the four sections near Hood; one is located at Ho od 

near Section 2 and the other at Snodgrass Slough just downstream 

from Section 4. Long-term data for both recorders are availab l e at 

the Central District Office of the DWR in Sacramento. For the 

purposes of this report, the stage data at Hood is asumed to app ly 

to both Sections 1 and 2 while the stage data of Snodgrass Slough 

applies to Sections 3 and 4 . 

Due to tidal effects the river stage values can vary over the 

2- to 3-hr period during which the data was collected. Conse-

quently, a river stage average value consisting of the arithmet i c 

mean of the 15-min stage values for each of the time periods shown 

in Table 2.2 was calculated. The results are listed in Table 3. 1 . 

c. Left-river bank embankment elevations 

For each of the four sections, the distance to the var i ous 

locations along the cross section were measured from the top o f the 

embankment of the left river bank ( see Point 1, Fi g. 3. 2). A 

survey was carried out in March 1982 (USGS , 19~2a ), and the el ev a ­

tions measured are listed in Table 3. 2 . 

d. River channel side slopes 

From Fi g. 3.1 the Sacramento River channel side s lope s 

( hor i zonta l-vertical) were est i mated and the resu lts s ummar i zed; 

( Le f t Ba nk - 2 :1, 2:1 , 2 :1 , 2 : 1 . . Right Bank - 2: 1, 2 : 1, 2:1 , 2 . 5: l ) 

e. Ho r izontal dis t ance t o ri ve r channel sid e sl o p es 

a t ze r o ( ft . ) eleva t i on 

The hor i zonta l d i s t a nce t o the i ntersec tion of t h e ~ive r c ha n­

ne l side slope a t zero el e va t i on wa s approximat ed fro m Fig. 3 . 1 
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Table 3.1 Sacramento River Stage Value s at Hood 

Date Hours Section Average River Stage (ft.) 

May 18, 1978 10:30 - 13:30 2 2.89 
Nov 21, 1978 12:00 - 14:12 4 6.05 

Nov 22, 1978 09:50 - 13:20 3 6.15 

13:50 - 16:00 2 3. 05 

Nov 27, 1978 12:23 - 15:09 1 3.1 9 

Jan 19, 1979 12 :05 - 13:29 1 6 . 49 

13:55 - 15:27 2 6 . 15 

Feb 13, 1979 10:05 - 12 : 15 2 2. 40 

12:45 - 14:50 1 2.46 

Feb 22, 1979 10 : 15 - 12:35 2 9.64 

13 : 05 - 14:45 3 11.81 

Mar 19, 1979 09:40 - 11 :30 2 5.07 

12:00 - 13:30 4 7 . 56 

Apr 13, 19 79 10: 10 - 11 :40 1 2 . 26 

12:15 - 13:25 2 1. 75 

June 5, 19 79 10: 15 - 11:50 1 1. 73 

12:20 - 13:55 2 2.42 

July 17, 1979 11:10 - 13:20 2 2.92 

13:25 - 15:05 2 2. 65 

July 18, 1979 09:30 - 11:10 1 1. 97 

11 : 30 - 13: 15 1 2.66 

Aug 15, 19 79 10:30 - 12:10 2 2.8 7 

Aug 16, 1979 08:30 - 10:00 2 1. 82 

10:00 - 11: 15 2 2. 12 

11:30 - 13:10 2 2. 71 

Sept 6, 1979 09:10 - 11:00 3 5 . 40 

10:00 - 12 :55 3 4 . 81 

13:00 - 14: 10 3 4.8 4 

Sep t 11' 1979 10 :00 - 11:40 4 6 . 01 

12 :00 - 13:20 4 5 . 59 

13 : 40 - 15: 00 4 5 . 12 



Date 

Sept 12, 1979 

Feb 28 , 1980 

Feb 29, 1980 

June 24, 1980 

June 25' 1980 

June 26, 1980 

June 27, 1980 

Apr 28, 1981 

Apr 29' 1981 

Apr 30, 1981 

May 1' 1981 

Sept 15' 1981 

Sept 16, 1981 

Sep 17' 1981 

21 

Table 3.1 Sacramento River Stage Values a t Hood 

(Continued) 

Hours Section Average River Stage 

09:30 - 11:00 1 2.87 

11: 15 - 12:25 1 2.87 

12:40 - 14:00 1 2.58 

10:55 - 12:35 2 14.51 

14:00 - 15:40 1 14.45 

10:00 - 11:20 4 16.24 

13:00 - 14:20 3 16.24 

11:00 - 14:55 4 5.99 

10:20 - 13:40 3 5.63 

09:40 - 13:25 2 2. 71 

10:45 - 15:00 1 2.39 

12:50 - 14:20 1 1. 97 

10:30 - 13:05 2 2.68 

11:30 - 14:20 3 5.88 

10:05 - 13:10 4 5. 14 

10:15 - 12: 15 1 2. 17 

08:55 - 11: 15 4 5.84 

12: 15 - 13:55 3 4.92 

08:40 - 11:00 2 2.63 

(ft.) 
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Table 3.2. Sacramento River Left Bank 

Embankment Elevations (ft.) 

Section 

1 

2 

3 

4 

Elevation 

26.9 

26 . 0 

25 . 7 

25.8 

* For each of the four sections the distance to the various locations 

along the cross-section were measured from the top of the embankment of 

the left river bank (see point 1, Figure 3.2). A survey was carried out 

in March, 1982 (USGS, 1982a) and the elevations measured are given i n 

Table 3.2. 
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The values for each cross section are given in Table 3 . 3. The 

distances are relative to the respective right -hand-side ve rtical 

axis. 

3.3 Weighted Average Technique to Obtain Mea n Da ily Discharge a nd Mean 

Da ily Suspended Sediment Loa d 

The veloci t y and sediment co ncent ra t ion da ta (a samp le of which i s 

shown in Fig. 2.3), a long with the s upplemental data di scussed i n Sec-

tion 3.2, were used to calculate the mean daily discharge (cfs) a nd the 

mean daily sediment load (tons/day) for each of the measuremen t data 

listed in Table 2 . 1. A schematic diagram of a t ypical cross -section is 

shown in Fig. 3. 3. The velocity a nd sediment concentration data were 

taken at n locations across the section (i=1,2,3, . . . , n) and m different 

depths (j =1, 2, ... ,m) . 

Known variables are: (i=1,2, . .. , n and j=1,2, ... m) 

M. =horizontal distance from left bank ( see Point 1, Fig. 3.2) to 
1. 

the location i ( ft) 

Y.. = depth from the water s urface a t location i to point J (ft) 
l.J 

V. . =ve locity at depth Y .. (fps ) 
l.J l.J 

C. . = sediment concentration: at depth Y .. (mg/ Q) 
l.J l.J 

D. =to t al dep th to river bottom a t loca tion i (ft) 
1. 

x 1 = distance to left bank slope a t zero elevation (f t ) 

x 2 = dista nce to right bank slope a t zero eleva t ion ( ft) 

s
1 

= left bank slope (f t /f t ) 

s
2 

= r ight bank slope (ft / f t ) 

STAGE= average r iver s t age e leva t ion ( ft ) , Table 3.1 

EL
1 

= eleva ti on of Point 1 Fig . 3 . 3 (f t ) , Ta ble 3 .2. 
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Table 3.3. Horizontal Distance to Side Slope at Zero Elevation (ft .) 

Section 

1 

2 

3 

4 

Left bank 

55.0 

55.0 

62.0 

65.0 

Right bank 

557 .0 

698.0 

663.0 

652.0 
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The total cross-sectional area is then subdivided as follows : 

1. The distances between locations are averaged, thus delineating the 

c ross a rea into n column areas. For example location 2 ( see 

Fig. 3.4) delineates a vertical column area of constant wi dth w
2

, 

where 

= 
t1 - t1 

3 1 ( ft) 
2 

2. Similarly each vertical column (a rea) is then subdivided into m 

subareas by averaging the depths to the various measuring points. 

For example, in Fig. 3.4, at location i=2, the depth j=2 delineates 

a rectangular area a
2 2 

with base width w
2 

= ~ (Mj - M
2

) and height , 

h = ~ (Y2 3- y2 1). 
2,2 ' , 

It is obvious that all areas a . . are rectangular with the excep­
lJ 

tion of location 1 and location n (adjacent to the channel side 

slopes) in which the subdivided areas are trapezoidal in shape. 

A basic assumption was made that the velocity and sediment 

concentration values at each coordinate i,j represents the average 

values of velocity and sediment concentration for the entire area 

a . The discharge (cfs) a nd sediment load ( tons / day) can then be 
l.,J 

calculated as follows 

q . . = v .. a . . (cfs) 
l. ,J l.,J l.,J 

( 3 . 1 ) 

SS .. = 0 .0027 C . . q .. ( t o ns / day ) 
.L ,J l,J l,J 

(3 . 2) 
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The mean daily discharge (cfs) and the mean daily suspended sedi­

ment load for the section under consideration i s the algebraic sum 

of the discharge and sediment load values for the indivi dua l 

subareas . The average velocity ( fps) fo r the entire section is 

obtained by dividing the mean daily discharge ( cfs ) by the cross­

sectional area (ft2 ). The results are swnmarized i n Table 3.4 . A 

complete listing of the results is given in Appendix B. 

In addition to calculating to mean daily sediment l oad ( tons / 

day ) using the point sample data, the integrated sample data Y.'ere 

a lso used to calculate the sediment load. The following procedure 

was used: the integrated sample concentr3tion value for each 

location i was multiplied by the corresponding total area f or 

column i (obtained from Table 1, Appendix B ), the values for all 

locations . i were summed up and then multiplied by a conversion 

factor (0.0027), to obtain the mean daily sediment load ( tons / day). 

The resu l ts are shown in column 6 of Table 3 .5 . 

3.4 Stat i sti cal Correlation Between Results Ca lcula t ed a t Hood with 

Hist o r ica l Values at Sacramento and Freepo rt 

To test the accuracy a nct · adequac y of the da t a col lected a t Hood, 

t he me a n da i ly discharge a nd daily susp e nd ed s ediment load val ues ( se e 

Sect i on 3.3) we r e sta tisticall y correla ted with publ i shed USGS and DWR 

res ults. The y a re summarized i n Table 3. 5. Co l umns l , 2 , a nd 3 s how 

the da t e, th e hour s during whi ch the data were collec t ed , and the s ec -

tio n whe r e the data were be i ng co l le cted . Column s 4, 5, a nd 6 a r e the 

resul t s obtai ned f rom t he previ ous se c ti on; Col umn 4 is t he mean daily 

discha r ge (cfs) ; Co l umn 5 is t he s us pe nded sedime nt load (to ns / day) as 
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Table 3.4. Summary of Mean Daily Discharge and Veloc it ies for the USGS Data. 

DATE 

1'?73 5' 13 
1978 11 21 
1978 11 22 
1978 11 22 
1978 11 27 
i979 1 19 
1979 1 1'? 
1979 2 13 
1979 2 13 
1979 2 2:2 
1979 2 22 
1979 3 19 
1979 3 19 
1979 4 13 
1979 4 13 
1979 f:, 5 
1979 6 5 
1979 7 17 
1979 7 17 
1979 7 18 
1979 7 18 
1979 8 15 
1979 8 16 
1979 8 16 
1979 8 16 
1979 9 6 
1979 9 6 
1'1'79 9 6 
1979 9 11 
1979 9 11 
1'?79 9 11 
1979 9 12 
1979 9 12 
1979 9 12 
1980 2 28 
1980 2 28 
1980 2 29 
1980 2 ?:i 
l9SO .~. 24 
1980 6 25 
1980 .:, 26 
1980 6 27 
1'?81 
1'?81 
1·?e1 
1'?81 
: ·?e1 
~·?S l 

4 28 
4 29 
4 30 
5 1 

9 l .S 
.;, 16 
9 17 

SECTI ON 

2 
4 

1 
1 
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calculated from the point sediment samples, a nd Column 6 is the sus ­

pended sediment load ( tons /day) a s calculated from the integrated 

sediment samples. The superscript "H" i ndicates that the values are a 

measure only for the time period tha t the data were collected , and thus 

provide only an estimate of the mean daily values (due to tidal 

effects). Columns 7 through 10 were obtained from the USGS Sacramento -

to-Hood Transient Flow Model results (which calculate discharge values 

at 15-min i ntervals); Columns 7 and 9 are the arithmet i c means of the 

15-min discharge results for the time period i n question, whi l e 

Columns 8 and 10 are the arithmet i c means of the 96 daily values . The 

superscript "D" is used to indicate that the values are arithmetic means 

over the 24-hr period of the date i n question. Columns 11 through 14 

were obtained from the USGS-DWR annual reports "Water Resources Data for 

California". Missing values in the table imply either that they were 

unavailable at the time the analysis was carried out , or that measure­

ments (e.g., integrated sediment concentration samples) were not t a ken 

for those da tes. 

A straight-line rela tionship was used for the ' correlation of the 

various data in Table 3.5 . The equat i on i s of the f orm 

Y = aX + b (3.3) 

where Y is the dependent variable X i s the independent va r iable and a 

a nd b a re regress ion coefficients. 

The data fro m Table 3.5 were fitted to Eq. (3.3 ) a nd the constants 

a a nd b were obtained by linear regre ss ion. The BMDP Biomedical Com-

puter Programs ( P-series ) , pa rt of the s tatis t ical package ava ilable at 

the UCD Computer Center, were used to carry out t he l inear reg ression 

analysis. The results a r e summar ized in Table 3.6. 
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Table 3 . 6. Summary of Statistical Correlations for Data at Hood. 

Number Coefficients in Correlation 
Dependent Independent of data eguat i on (3 . 3 ) coefficient 
variable variable points a b r 

( 4 ) H 
QHOOD 9 ) H 

QHOOD 33 1.076 1741.5 0 . 9964 

( 4 ) H 
QHOOD ( 7) H 

QFREEPORT 33 1.086 1299.4 0 . 9961 

( 9 ) H 
QHOOD ( 7) H 

QFREEPORT 25 1.019 -657.5 0.9945 

(11 ) D 
QSACR.A..'liNTO ( 8 ) D 

QFREEPORT 13 1 . 006 - 42.8 0 . 99 91 

(10 ) D 
QHOOD (1 1) D 

QSACRAMENTO 13 0 .9 87 1962 . 2 0.9987 

( 5 ) H 
SHOOD ( 6) H 

SHOOD 14 1.065 4.52 0.99 20 

Note : The numbers in parentheses in columns l _and 2 indicate the column 

number of Table 3.5 from which the data points were taken. The data for 

the ye ar 1981 were not inc l uded in the above analyses because they only 

became available after most of the analyses were made. 

3.5 Discharge-Sediment Load Relationships 

The data shown in Table 3. 5 was also used to determine relation-

ships betwee n me an daily discharge (cfs ) and daily sediment load (tons / 

da y) usin g an equa tion of the fo rm 

s ( 3 . 4 ) 

where Q i s the mean daily discharge ( cfs ) , Sis the daily sediment load 

( tons / day), and a and bare constants . 



34 

Equation (3.4) can be transformed to a log-linear form as 

Ln(S) = Ln(a) + b L~( Q) (3 . 5 ) 

where Ln is the logarithm to the base "e' (natural logarithm). 

Data from Table 3.5 were used to fit Eq. (3 . 4), and the constants a 

and b were determined from a linear regression analysis using the UCD 

statistical package mentioned in the previous section. The results are 

summarized in Table 3.7. 

Table 3 . 7. Summary of the Discharge-Sediment Load Relationship Results . 

Number Coefficients in Correlation 
Dependent Independent of data eguation (3.4) coefficient 
variable variable points a b (Eq. 3 . 5) 

( 5) H 
SHOOD ( 4 ) H 

QHOOD 42 7.74216x10- 8 2 . 397 0 . 9734 

(12) D 
SSACRA!1ENTO (11) D 

QSACRA!1ENTO 14 1 . 62814x10- 7 2 .369 0.9 746 

( 14 ) D 
SFREEPORT (13 ) D 

QFREEPORT 7 5 . 57x 10 -7 2 . 205 0 . 9988 

(See note at the bottom of Table . 3.6. ) 



35 

4. SACRAMENTO RIVER SEDIMENT ANALYSIS AT HOOD ( PERIPHERAL CANAL INTAKE) 

4.1 Introduction 

The purpose of this chapter is to describe the use of the mean 

daily discharge (cfs) and daily sediment load (tons/day) values measured 

in the Sacramento River for the water years 1956-57 through 1979-80 

(inclusive) as long-term data to estimate the amount of suspended 

sediments that would be diverted into the PC at the intake located at 

Hood, given the Canal's operational schedule for \¥ater diversion from 

the Sacramento River. 

An implied assumption is that the long-term historical data for the 

Sacramento River mean daily flow and sediment load measured at Sacra­

mento apply equally well in the vicinity of Hood (about 21 miles south 

of Sacramento). This assumption is reinforced by the fact that the net 

change in flow and sediment load within the Sacramento-Hood reach is 

negligible. 

Sediment-discharge relationships are derived, and together with 

Ka linske' s equation and Einstein's technique, the amount of suspended 

sediment load and bed load diverted into the PC are calculated. Also 

computed are the sediment volume remaining downstream from the intake, 

along with the expected bed load deposition downstream of the intake. 

4.2 Supplemental Data 

The primary data used in this study were the daily values of mean 

daily discharge (cfs ) and daily suspended sediment load (tons/day) ove r 

the 24-yr period (a total of 8,766 pairs of val ues ) a nd the results of 

particle size a naly sis of bed materi a l samples (d is c ussed in Sec ­

tion 2.2.1 ) . The UCD Hydraulics Laboratory was also provided with data 

of p rojected Peripheral Canal diversions for the Sacramento River for 
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several al ternatives (DWR, 1981a). Using historical Sacramento River 

discharge data a t Sacramento (1921-22 through 1970- 71, inclusive) and 

followi ng the DWR criteria for diverting water int o the PC, average 

monthly Sacramento River flows and diversions i nto the PC were calcu­

la ted and grouped according to the following six different water-year 

clas sificat ions: 

a. average 

b . above normal (18%) 

c. below normal (18%) 

d. wet (32%) 

e . dry (20%) 

f. critical ( 12%). 

The numbers in parenthesis indicate the relative a mount of time (a s a 

percent of the total ) that a water-year class i fication occurred du ring 

the period . The monthly average daily Sacramento River flow and PC 

diversions based on the 1921-22 through 1970-71 data a re summarized i n 

Table 4.1. 

4 . 3 Basic Statistics fo r the Sacramento River 

Due to the large quantity of the Sa cra mento River historical 

records of mean da ily flow a nd s ediment load, individual values are not 

incl ude d in the report. Rather, the data are presented i n the form of 

hydrograph plo ts (Fig. 4 .1 ). As pointed out earlier in thi s report the 

1979 - 80 Sacramento River data a t Freeport were included as pa rt of the 

Sacramento River da ta a t Sacramento. 

In addition, some o f the basic s t a tist ics of the historical data 

were de termined and the results summar ized i n Tables 4 . 2 through 4.10. 

Tables 4.2 thro ugh 4.6 a re sel f expla natory . Fo r each month of each 
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Table 4.2. Sacramento River Basic Statistics (Part a). 

Hlniii'IUIII 1'\ean MaxlrnUII'I foll!an Mtnllfllrrt Oat l y Max imum Dal ly 
Yetr' o~t Jy Flo.~ Oal ly Fl ow Seditrent LOld Sedlll'll!!nt loa d 

(cfs ) (cfs ) ( tOt'll) ( to ns} 

1'?~6 ~ 8730.0 83200.0 389 .0 .~.v(JOO,O J l 

:'?57 58 12200.0 38800.0 1210.0 58600.0 
l'iS'S '00 _,, 7140.0 67300 .0 :so.o 88900.0 
1959 60 6260.0 69100.0 200.0 147000.0 
lt't.O 61 gao.o 49500.0 290.0 75'000.0 
1961 L'J t .. :..:.o.o 70100.0 30•:>.0 .~ss·:~o .o .6 .... 

1962 63 3720.0 94400.0 505.0 229000.0 
1963 64 9030.0 52200.0 501.0 68100.0 
19M 65 Sb40.0 '18800.0 soo.o 525000.0 
1965 61> 8120.0 53600.0 555.0 132000.0 
1966 1;.7 M10.0 90700.0 491.0 77300.0 
1'?67 68 9780.0 666c-:>.o 480.0 83800.0 
1968 69 10300.0 95200.0 467.0 100000.0 
1'?69 70 10100.0 '?3800.0 46't ,O 54600.0 
1970 71 14200.0 73200.0 -~1 1. 0 95000.0 
1971 i2 9800.0 3220-~.o 579.0 22800.0 
1972 73 12600.0 92700.0 541.0 .58200.0 
1973 74 15200.0 94200.0 609 .0 44000.0 
1974 75 15600.0 73800.0 1080.0 7MOO.O 
1975 76 9840.0 30600.0 310.0 2900.0 
197., n 5200.0 13700.0 161.0 2360.0 
1·?n 78 3970.0 77'300.0 151.0 101000.0 
1'178 79 10100.0 71300.0 437.0 47300.0 
1979 so 10100.0 '7'4600.0 436 .0 129000.0 



Tuble 4.3. Sacramento River Basic Statistics (Part b). 

Table 4.4. Sac ramento River Basic Statistics (Part c). 
Wat er Cale ndd r H1n . I"M.!an 
'f ear ) Year Month Day D<1il y flw Wat er C<~ l end.H rli X. 'lc I ll 

(ct.) Yur Yea r l"on th D•y il .1 1! \ f l <~w 

( .: t s ) 

1956 57 1957 7 13 8730.0 1956 57 1957 'j 6 83200.0 .., 
1957 58 1958 8 10 12200.0 1957 58 1958 4 7 68800.0 
1958 59 1 s·59 6 17 7110.0 1958 59 1959 2 20 67300.0 
1959 60 1959 12 14 6260.0 1959 60 1960 2 10 69100.0 
1960 61 1%0 10 23 6780.0 1960 61 1961 ') 14 49500.0 .j::--.. 0 

1%1 62 1961 10 9 6a.o.o 1961 62 1962 2 16 70100.0 
1962 63 1962 10 9 8720.0 1%2 63 1%3 2 2 S'4400.0 
1%3 64 1%4 4 27 9030.0 1%3 64 1964 1 23 52200.0 
19M 65 1964 10 14 8640.0 1%4 65 1964 12 24 98800.0 
1965 66 1966 6 15 8120 .0 1965 66 196t. 1 10 53.:.00.0 
1966 a 1966 10 29 8610.0 1966 67 1967 1 31 90700.0 
1967 68 1968 6 3 9790.0 1967 68 1968 2 28 6MOO.O 
1968 69 1968 10 9 10300.0 1968 69 1%9 1 22 95200.0 
1969 70 1970 6 3 10100.0 1969 70 1970 1 24 93800.0 
1970 71 1970 10 19 14200.0 1970 71 1970 12 5 73200.0 
1971 72 1972 4 29 9800. 0 1971 72 1972 3 6 32200.0 
1972 73 1973 5 11 12600.0 1972 73 1973 1 19 92700.0 
1973 74 1973 10 21 15200.0 1973 74 1974 1 20 94200.0 
1974 75 1975 7 11 15t.OO,O 1974 75 1975 3 26 73800.0 
1975 76 1976 6 24 9840.0 1975 76 1975 12 8 30-!.00.0 
1976 77 1977 4 15 5200,0 197.$ 77 1977 1 .. 13700.0 J 

1977 78 1977 10 15 3970.0 1977 78 1978 3 9 79300 .0 
1978 79 1979 4 22 10100.0 1978 79 1979 2 24 71300.0 
1't79 80 1979 10 18 10100.0 1979 eo 1980 1 15 94MO.O 

- ---- --- -



Table 4.5. Sacramento River Basic Statistics (Part d). 

Table 4.6. Sacramento River Basic Statistics (Part e). 

Wote r C•l elld.sr Ht n. Oo~~ i1y W•ter C•lend• r ""' · 0•11 )' 
f u r Year Konth D•y Sed. Load Ye.r Yu r Mon th "'' Sed . load 

(tons } (tons ) 

1956 57 1957 1 7 389.0 1956 57 1957 2 25 60000.0 
1957 58 1957 12 7 1210.0 1957 58 1958 4 3 58600 .0 
1958 59 1959 4 21 580.0 1958 59 1959 2 18 88900.0 
1'i59 60 1959 12 14 200.0 1959 60 1960 2 9 1470()0.0 
1%0 61 1960 10 23 290.0 1960 61 1961 2 2 75000.0 ~ ..... 
1961 62 1'?61 11 21 300.0 1961 62 1961 12 4 85500.0 
1962 63 1963 . 8 2 505.0 1962 63 1963 2 2 229000.0 
1963 64 19.$4 4 28 501.0 1963 64 1964 1 23 68100.0 
19M t.s 1964 10 20 soo.o 1964 65 1964 12 24 525000.0 
1965 66 1966 6 23 555.0 1965 66 1966 1 7 132000.0 
19M 1:..7 191:.6 11 3 491.0 196/:.. 67 1967 1 23 77300,0 
1%7 (.8 1968 1 1 480.0 1967 68 1968 2 22 83800.0 
1968 6'i 1%8 Hl 12 467.0 1968 69 1969 1 22 100000.0 
1%9 70 1%9 11 28 469.0 1969 70 1969 12 24 54~.00.0 
1970 71 1970 10 17 811.0 1970 71 1971 1 19 95000.0 
1971 72 1971 11 8 579.0 1971 72 1972 3 2 22800.0 
1972 73 1973 6 29 541.0 1972 73 1973 1 13 68200.0 
1973 74 1973 11 5 1..09 .o 1973 74 1973 11 12 44000.0 
1974 75 1974 12 2t. 1080.0 1974 75 1975 3 12 70400.0 
1975 76 19n 1 29 310.0 1'1'75 76 1976 3 3 26700.0 
1976 77 1976 12 29 1 .~1.0 1976 77 1977 1 6 2860.0 
1977 78 1977 10 21 151.0 1977 78 1978 1 19 101000.0 
1978 79 1978 12 23 437 .0 1978 79 1979 1 17 47300.0 
1979 80 197'7' 10 18 436.0 1979 80 1980 1 15 129000.0 
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Tab1e 4. 7. Sacramento River Basic Statistics (Part f) 

l"e.tn Odi ly rota I Total 
Yur Mo nth Daily Fl c.w Sed . LOJd Volume Sedlme nt 

(cfs ) ( tons taay) (ac·ft) (tOM ) 

l O<;L 
.· ...~ '.• '57 10 12387 . 1136. 761t.53. 36770. 

11 145'?7. 1378. 868562. 41341. 
12 12510. s.~s. 7.~9190. 17521. 
1 12035. 1295. 740033. 40139. 
2 17~61. 9.s47. 9?1974. ~"'5720. 

3 49845. 22474. 3064860. 696700. 
4 1$'993. 2301. 1189686. '?9040. 
5 30'177. 9494. 1904727. 294300. 
6 16794. 2554. 999332. 7t.623. 
7 9329. 886. 573.!,20. 27465. 
s 9745. 924. 599207. 28641. 
9 12213. 1799. 726744. 53958. 

1~ _. I .-·; 58 10 18213. 6425. 1119868. 1'7'9170. 
11 18770. 4368. 1116893. 131030. 
12 23106. 9924. 14207e.o. 307630. 
1 35052. 19405. 2155240. 601570. 
2 72"332. 42779. 4017124. 1197800. ., 60413 • 29026. 3714¢45. 899800. w 

4 71363. 24487. 4246413. 734600. 
5 53619. 15639. 3296926. 484800 . 
6 35077 t 7783. 2087207. 233500. 
7 14390. 1794. 884826. ss.~.oo. 

8 14197. 1735. 872926. 53300. 
'? 15937. 2,700, 948298. 81000 . 

1'?58 5'7' 10 12671. 1461. 779107. 45300. 
11 13083. 1317. 778512. 3950-:l. 
12 1""'"0 ~- .. .. 1122. 782678. 35100. 
1 27355. 17445. 1681983. ';)40790. ., 40486 • 22935. 2248463. 642180. ,_ ., 27084 • 7409. 1M5322, 229670. "' 
4 13928. 2170. 828754. 65085. 
5 11412. 1716. 701693. 53195. 

·' em6. 1028. 476965. 30845. 
7 10554. 1417. 648932. 43940. 
8 11954. 1473. 735015. 45650. 
9 10880, 2642. t-47405. 79260. 

1959 .~.o 10 7921. ·641. 487021. 1'?860. 
11 7342. 395. 436860. 11849. 
12 7208. 3%. 443187. 10719. 

1 11087. 2119. t.81739. 65.597 . ~ 

2 35559. 31093. 2045355. 901700. 
3 337C.O. 14100. 2072132. 43710-), 
4 19247. 3057. 1145256. 91696. 
5 16077 . 3034. 988562. '14050. 

' 10866 . 1145. C-46552. 34362. 
7 10396. r:1':), · ~.;'?<;:? 2890.5. . ..; .... ; 0..;, _ ... ~.~, 

a ?720. 966. 59825'5. 29934. -· 
0 %47. 1291. '57405 .~ .• 32.71: I 
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Table 4. 7. (continued) 
~ean Oai ly Total Toul Year- f't)n t l'l D.s i ly Flow Sed . Loaa Vo l ume Se e1 1ment 
(cfs I ( tons/a <J y ) ('3.c -ft) ( tons) 

1'?60 b1 10 7~90 . t82. 472860. 21143. 
11 11701. ~'022. 696258. 90.663 . 
12 1e497, 8812. 1137322. 273178. 
' 12935. 13'?3. 795372. 43177. ! 

2 ~a7~ 
w'I.JI '- ' • 26297. 21soa7.s. 7363.20. 

3 28465. 13021. 1750215. 403660. 
4 16931. 4594. 1007484. 137830. 
5 13110. 2542. 806083. 78800 . 
6 10935. 1609. .~50658. 48266. 
7 10545. 1067 . 648..."97. 33075. 
g 11445. 1274. 703736. 39509. 
9 9685. 1252 . 576298. 37556. 

1'?.S1 62 10 7085 . SM. 435630. 13093. 
11 8248. 842. 490810. 25265. 
12 15.~93. 12304. 964919. 381426. 
1 10534. 3133. 64no2. 97114 . 
2 43001. 23864 . 2388179. t.$8192. 
"' 37790. 14547. 2323.S36, 450'170. .) 

4 28240. 4209. 1680397. 126260. 
~ 19748. 2,7 86. 1214281. 86380. J 

6 13011. 1366. n4zoa. 40967. 
"r 10246. 840. 629990. 26055. i 

a 11542. 105-0. 709686. 32559. 
9 12113. 1789. 720793. 53666 . 

1962 .:.3 10 28688. 17544. 1763960. 543855. 
11 16703. 2015. 993917. 60445. 
12 31919. 11346. 1962645. 351730 . 

19287 . 7643. 1185917. ~36926 . 
2 56089. 44179. 3115041. 1237000 . ., 24426. Q')')') 1501884. 258020 • " u ,.u .. wt 

4 .Sl.$33, 21737 . 3667438. 652100. 
5 42784. 10174. 2630678. 315400. 
6 17603. 31M. 1047471. 95510. 
7 12142. i099. 74·~·579 t 34077. 
8 11 468. '1'94. 705124 . 30815. 
9 16217. 4344. 964959 . 130310. 

19tJ M 10 141M. 1936. 871140. .~ 0021 . 

11 22637. 7214. 13~6975. 216430. 
12 20987. 24S2, 1290446. 70:.940 . 

24732 . 11135. 1520727. 345170. 
2 20.Sa3 . 3022. 1.201190 . 37.:.so. ., 14381. 1404 • 884231 . 43523 . "" 
4 12:!4. 12M. 744655. 37965 . 
5 13945. 17Co7 J ,, t 857455. 55718 . 
b 11104. 1087. .:.60754. 22.$20 . 
7 11622. 806. 714Ses. 24973. 
8 12161. 934. 7477t.9. 28965. 
9 13243. 1'168. 785033 . : ·7'034. 
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Table 4. 7. (continued) 
."'ean Oatly Total To tal 

Year- l"cnth D• i ly Fl ow Sed . Loao Volume Sed ime nt 
(cfsj {tons t oay) (ac-ft ) { tons) 

19M t.S 10 9721. 894. 597719. 27711. 
11 13992. 5131. 83::'562. 153935. 
12 36558. 71407. 2247868. 2213632. 
1 71781. 44384. 4413620. 1375900. 
') 459t.e. 1i046. 2552926. 477300. .. 
3 23068. 3580. 1418380. 110970. 
4 42170. 29043. 2509289. 871300. 
5 30097. 7332. 1850579. 227280 . 
6 16(>17. 2354. 953058. 70630. 
7 12365. 1342. 760264. 41610. 
0 14445. 1694. 388198. 52500. IJ 

9 15487. 2046. 921521. 61380. 

1965 S6 10 13942. 1429. 857256. 442'?0 . 
11 20177. 7778. 1200595. 233340. 
1'J ... :22610. 4573. 1390215. 141760 • 
1 34535. 24516. 2123504. 760010. 
'J 27007. 1208ll. 1499901. 338450 • .. 
3 23677. 4958. 1455868. 153710. 
4 21717. 4970. 1292231. 149110. 

5 14205. 2498. 873421. 77443. 
6 95S3. 1075. 570248. 32237. 
... 11584. 1367. 712264 . 42383 • I 

8 12.290. 1328. 755702. 41175. 
9 10949. 1693. 651491. 50782. 

19M A.., 
. I 10 9126. 852. 561144. 26400 • 

11 18597. 6562. 110.,579. 196856. 
12 46426. 16426. 285"4612. 509200 . 
1 36103. 16808. 2219901. 52!050. 
" 51736. 18035. 2873256. 504980. " ') 41800. 12229. 2570182. 379100. w 

4 50357; 12652. 2996430. 379560. 
5 51932. 12202. 3193190. 378260. 
6 43023. 7835. 2560066. 235060. 
7 19490. 2393. 119e.413. 74170. 
3 15052. 1379. 925488. 42750. 
9 18573. 2146. 11051'?0. 64390 . 

19.S7 ~.8 10 16155. 1907 t 993322. 59110. 
11 14593. 1164. 868364. 34920. 
12 17177. 1453. 1056198. 45028. 

20477. 8308. 1259107. 257547. 
2 39779. 21374. 2288132. 6198:0. 
3 36016. 10474. 2214545. 324680 . 
4 14437. 1691. 859041 . 50735. 
5 13316. 2538. 818777. i M68. 
.s 11353. 982 • 675531. 29448. 
7 12594. !014. 774347. 2142.7' I 

8 13003. 107t.. 799537. 33349. 
9 13120. ~244. i80.S94. 37326. 
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Table 4. 7. (cotitinued) 
..... O<ii ly fo ul To tal Yea r ."ieenth D•1l y Flow Sed. Loc&d Vol ume Sedime nt 
(cfsl ( tonS / d4y ) {ac - ft) ( tons) 

19Ui 69 10 11629. 793. 715041. 24590. 
11 13t.03. '788 . 809455. 2%54. 
1? ·- 22935. 9567. 1410248. 296585. 
1 55403. 30815. 3406612. 955250. 
2 71793. 26.$68. 2987174. 746700. 
3 49729. 13240. 3057719. 410440. 
4 4535<). 10864. 2698512. 325930. 
5 4060.$, 9095. 24%793. 2.~1940. 

6 23123. 1508. 1375924. 135250. 
7 14216. 1787. 874116. 55410. 
8 !3345. 3152. 1128000. 97700. 
9 21017. 3152. 1250579. 94560. 

1'?69 70 10 16694. 1335. 1026446. 41373. 
11 16940. 857. 1008000. 25705. 
!2 35252. 14655. 2167537. 454315. 
1 70261. 29063. 432C•198. '700960 . 
2 ·S6061. 23736 . 3668826. t.¢4600. 
" 44206. 1377'1, 2718149. 427140. ,J 

4 14620. 1758. 869950. 52738. 
5 14265. 2131. 877091. .S6062. 
6 11787. 1097. 701355. 32905. 
7 13174. '191. 810050. 30707. I 

8 14977. 1149. 920926. 35624. 
9 18513. 1'133. 1101620. 58000. 

1970 71 10 15261. 1224. 933330. 37940. 
11 22520. 7026. 1340033. 210789. 
12 63971. 20816. 3933421. 6453CoO. 
1 52323. 26298. 3217190. 815250. 
2 31196. 10t:l89. 1732562. 282480. 
') 30481. 14321. 1874182. 443960. .., 
4 38270. 9'?41. 2277223. 298230. 
5 29190. 5701. 1794843. 176730. 
. ~. 27550 • 3195. 1~~~39339. 9585•). 
7 20981. 1956. 1290050. 60650. 
B 22465. 2501. 1381289. 77540. ,. 24393. 2308. 1451504. 69240. ; 

1'?71 72 10 1t.071. 1103~ 988165. 34133. 
11 15853. O?'J , ...... 943339. 27650. 
12 2175-9. 2744. 1337851. 85075 • 
1 20000. ')7.,') 1229752. . ~4726. '-' wwt 

2 :22117. 2694. 1272198. 73120. 
3 2389j p 7369. 146'7'355. 223430. 
4 13120. 1845. 730694. 55363 . 
5 1284.S. ')()')Q . ., ... "". 790017. .:.2879. 

' 13837. 1479. e.23339. 44370. 
7 !5000. ~~04. 922314. ·<')t:;'')t:;' 

-; \J..J....,;t 

B 15658. 1456. '7'52777 t 45127. 
·:; 16817. 1667. lOOO.st-1. :;,)J12. 
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Tab l e 4. 7. (continued) 
.... , Da ily Tota 1 Tot.sl 

Yur ~nth O.t i \ y Fl,:,w Sed . Load Vol~e Sea.iment 
(chl ( ton<>/Oa.y) ( ac· f t ) ( ton s ) 

1972 73 10 1C..:>77. 1235. '?88562. 38296. 
11 23203. 7409. 1380694. 22'22.77 t 

I 'J 27~23. 9249 • 1686149. 286730. ... 
1 60132. 22914. 3697388. 710330. 
2 .SS257. 18250. 3624198. 511000. 
3 51642 . 14965. 3175339. 463't20. 
4 2o.go, 3445. 1229950. 103350. 
I;' 16416. 2039. 1009388. 63216. J 

.:. 14937. 1329 • 888793. 40166 . 
7 15168. 1433. 932.528. 44409. I 

8 1t.123. 19%. '?91339. .$0320. 
9 17487. 1805 . 1040529 . 54140 . 

1973 74 10 16723. 1085. 1028231. 33t.50. 
11 48037. 16421. 2858380. 492634. 
12 61632. 15771. 3739620 . 488890. 
1 74826. 20394. 4600860 . 63220.:>. ., 52389. 17681. 2'7'09SS4 • 495060 . 
') 6%81 . 19745 . 3977058. 612100. w 

4 .S62S3. 16407. 3944132. 4'12200 . 
5 29177 . 6319. 1794050. 1959(/J, 
6 24413. 3320. 1452694. '19600. 
7 21752 . 2932. 1337455. '7'0900. 
8 23948. 2949. 1472529. '11420. 
9 25060. 3178. 1491174 . 95330. 

1974 75 10 20119 . 1935 . 1237091. 59980. 
11 22003 . 2919. 1309289 . 87560. 
12 25645. 4240. 1576860. 131440. 
1 19432. 1973. 1194843. 61150. 
2 47518. 27856. 2639008. 779970. ., 50942 . 28911. 3132298 • &96230. "' 
4 33173. 9771. 1973950. 293140. 
5 302.~.5 . 6616 . 18608?3. 205100. 
6 23710 . 3291. 1410843. 98720. 
7 18284. 2081. 1124231. 64500. I 

8 19497. 2358. 1198810. 73100. 
I) 20380 . 2971. 1212.~.94 . 89130. I 

1975 1 0. 10 19174. 1735 . 1178975. 53770. 
11 22250. 3153. 1323967. 94580. 
12 25545 . 'J'J':'O 1570711. 100370. w.L..~~JU + 

1 1:132 . 845. '?3·:>446. 26192 . 
2 12772. 759 . 734678. 22884. 
~ . 14574 . 3767. 896132. 1167.:.2 . .:, 

4 12'724. 1747 . 757150 . 52419 . 
~ 10910. 1167. 670810. 3619. .J 

s 10935. 1248. 650658. 3745'.4. 
7 12077 . 1150. 742612. 35.541. 
3 13348. 1C:Y<:I .. ..,, , . 820?.:.0. 49570. 
9 12510. 1511. 744397. 4531'?. 
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Table 4. 7. (continued) 
Mean O.tlly TO tAl To ta l 

Yu r )t)nth Oa f ly Fl o"' Sea . Loco Vo I ~I'N'! Sed1ment 
(c fs ) (tons/oay ) (ac· f t ) ( tons ) 

1976 77 10 8103. 483. 498228. 14969. 
11 7823. 329. 465521. 9868. 
12 i743. 256. 476093. ""0"1 I , .J• t 

1 9802. 822. 602673. 25485. 
2 3003. 551. 444456. 15438. 
~ t.S73. 499. 404152. 15467. " 
·I S%1. 504. 354704. 15132. 
t;" 7597. 900. 467107. 2.7909. J 

6 6865. .. ')., 408516. 15955 • JW4t 

7 8248. 830. 507174. 25744. 
e 7687. 822. 472641. 25468. 
9 6838. 760. 40M89. 22789. 

1977 7 Q 10 4494. 261. ZJ6~37. 8084. I 1.1 

11 . ~7. 482. 397924. 14448 • 
12 11745. S79.;. 722202. 272663. 

1 45490. 48514. ZJ97091. 1503930. .. 
2 44704. 26013. 2482711. 728370. 
3 55571. 18931. 3416926. 586850. 
4 38M3. 12764. 2313719. 382920. .. 25194. 4096 • 1549091. 12.':.970. J 

6 12660. 1121. 753322. 33620. 
7 14300. 1583. 879273. 49070. 
s 15968. 1813. 981818. 56210. 
9 17933. 2135. 1067107. MOt.O . 

1978 79 10 12487. 1066. 767802. 33038. 
11 12443. '166. 740430. 28987. 
12 13203. 660. 811835. 20471. 
1 23190. 7312. 1425917. £!26679. 
2 32443. 13500. 18•Jl785. 378003. 
3 29165. 7538. 1793256. 233680. 
4 16547. 2859. 984595. 85765. 
5 17984. 2001. 1105785. 62040. 
6 12207. 831. 726347. 24924. 
7 16413. 1379. 1009190. 42760. 
8 1Sb77. 12M. '?63967. 39300. 
9 14567. 1463. 86i:.777. 43895. 

1979 e·:> 10 12577 . •643. 773355. 19919. 
11 15200. 999. 904463. 2'?Y57. 
12 20319. 7065. 1249388. 219028. 

58635. 36571. 3605355 . 1133710. 
2 52576 . 25556 . 30241n. 741110. ,., 5533'?, 21321. 3402645. b76440. w ,, 22587. 2509 . 1344000. 75270. 
<:" ~ 5894. 1112. 9772s.s. 34486. -
.:. 17et3. 13M. 1059967. ~0983 • 
7 1 7f')L 1317t 1 1\00V17 40840 • .J.IJ ._._j .. ._,;\jl I -.J t 

3 14916 . 949. '?17157. ~9428. 
9 1ses7. 1026. 945322 .. ':';,0767 . 
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Table 4.8. Sacramento River Basic Statistics (Part g ) . 

Avg. Avg. 
annual annual 
daily sedim. Annual Annual Accum. Accumulated 
flow load volume sedim. volume sediments 

Year (cfs) (tons)(ac. ft) (tons) (ac. f t ) (tons ) 

56 57 18218. 463. 13189587. 1688218. 13189587. 1.:.88218. 
57 58 35749. 13.645. 25M1124. 4980300. 3'1070711. .~ .. s.sa518. 
58 59 16541. 5'070. :1·~74830. 1850515. 51045540. 351'1033. 
59 60 14820. 4821. 107se-22s . 17M588. . ~.1 80376'7' . 10283621 • 
. so 61 15740. 5324 • 11395557. 1943177. 73199326. 12226798. 
. ~.1 62 17929. 5498 • 12980231. 2006947. e-6179557. 14233745 . 
62 63 28020. 10811. 20285613. 3946188. 106465170. 18179933. 
63 64 16018. 2921. 11627950. 1069009. 118093131. 19248942. 
54 t.S 27551. 15573. 1?945983. 5684148 . 138039114. 24933090. 
~.s 6/:. 18485. 5657. 13382698. 2064690. 151421812. 26'197780. 
66 .s7 33378 . 9073. 241tA450. 3311776. 175586261. 3030955.5. 
67 .:.8 18441. 4377. 13387597. 1.S02088, le.8973e58. 31'111644 . 
68 69 32060 . '?463 . 23210182. 345400'7'. 212184040. 35365653. 
69 70 2,7000 

U\J\Jt 7M4. 2C•190149, 27S'0129. 232374188, 38155782. 
70 71 31590. M05, 22370017. 3213959. 255244205. 41369741. 
71 72 17247. 2294 . 125204S3. 839460. 267764668. 4!:209201. 
~., 

h. 73 28516. 7118 . 20644959. 2593154. 288409626. 44807355. 
73 74 42344. 10465. 30655736. 3819884. 3190e.S3.,2. 48.~. 2.,7239. 
74 75 27447. 7781. 19870810. 234C~20, 338936172. 51467259. 
75 76 15182. 1834. 11021296. 671128. 349957 4.:-s. 52138357. 
76 77 7608 . 609. 5508159. 222175 •. 355465.;26. 52360562. 
77 78 24362. 10485. 17.S37521. 3827195. 373103147 . 561S7757, 
78 79 17953. 3341. 12997686. 1219542. 386100833 . 57407299. 
79 eo 26576. a393. 19293025. 3071938. 405393858. 60479237 . 
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Table 4. 9. Sacramento River Basic Statistics (Parth). 

Annua l Av era ge Annua l Hinunum Annual Ha • imum 
Konth 1'\onth ly Vo lume Montnl y Volume Hcnthly Vo lume 

( ac~ H) (ac ·ft) {aJ: · ft) 

10 e3s221. 276337. 1763960. 
11 1009099. 397'1'24. 2858380. . ., ... 1543831. .t\43187 • 3933421. 
1 2102216. 602678. 4600860. 
2 2320574. 444456. 4017124 . ., 2248046 • 404152. 39no5a. w 

4 1737319. 354704. 4246413. 
s 1438729. 467107. 3296926. 
6 999715. 408516. 25.50066. 
7 852103. 507174 . 1337455. 
8 885527. 472641. 1472529. 
9 916031. 406889. 1491174. 

Average= 1,407,618 acre-feet/month 

Table 4.1 o. Sacramento River Basic Statistics (Part i). 

Annual Avera ge Annual Hinimudl Annu• l MdJ.im... 
Month Montn ly Sectments Hon tnl y Secuments Montn Jy Sedunenu 

( tons) ( tons ) ( tons ) 

10 62563. 8084. 543855. 
11 104570. 98.68. 492634. 
12 307195. 7951. 2213632. 
1 498373; 25485. 1503930. 
2 547120. 15438. 1237000. 
3 395805. 15467. 899800. 
4 234489. 15132. 871300 • .,. 148487. 279•:>9 . 484800 • .; 

0 .~.9 1 61. 15955. 235060. 
7 436.50. 24973. 90900 . 
e 47519. 25468. 97700. 
9 61026. 22n9, 130310. 

Average= 209, 997 tons / month 
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water year, columns 3 and 4 of Table 4 . 7 show the monthly average mean 

daily discharge (cfs) and monthly average daily sediment load (tons/ 

day) . These are determined using the following equations : 

1 

n. k 
J' 

1 
n. k 
J' 

n . k 
J' 

L: 
i=l 

n. k 
J' 

L: 
i=l 

(QM D ) . . k 
. . l, J , 

(SM D ) . . k . . ~ ,J' 

(4.1) 

( 4 . 2) 

where the subscripts i = day; j = month; k = water year; and ( Qav ) . k 
J , 

= monthly average mean daily discharge, (cfs); (QM D ) . . k = mean dai l y 
. . ~ ,J' 

discharge (cfs); n. k =number of days; (Save) =monthly average 
J' .i , k 

daily sediment load (tons/day); (SM D ) . . k = daily sediment load . . ~ ,J' 
(tons/day). 

Columns 5 and 6 show the total amount of water ( ac-ft ) and t h e 

total amount of sediment (tons) passing the Sacramento Ri ver a t Sacra-

menta gaging station during the given month. In equation form : 

v = 86400 
j ,k 

n . k 
J ' 

L: 
i = l 

n . k 
J' 

L: 
i=l 

(Qt1 D ) . . k 
. . ~ 'J' 

( St1 D ) . . k 
. . ~ ' J ' 

(4.3 ) 

(4.4) 

wh e r e V. k = t otal volume o f water c rossing the Sa crament o Ri v er at 
J ' 

Sacramento g aging station during month j, (a c-ft ); W. k = to t a l a mo un t 
J ' 
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of sediments crossing the Sacramento River at the Sacramento gaging 

station during month j, (tons). All other terms are as defined 

previously. 

In Table 4. 8 Columns 2 and 3 give the annual average mean daily 

flow (cfs) and the annual average daily sediment load (tons/day), as 

computed from the following equations : 

L: 
j=l 

12 

L: 
j=l 

L: 
i=l 

n . k 
J' 
L: 
i=l 

(Q ) .. 
M.D. i,j,k 

(SM D ) . . k 
• • 1. 'J ' 

(4.5) 

(4.6) 

where (QYR)k =annual average mean daily flow (cfs); mk =number of days 

in year k; (SYR)k =annual average daily sediment load (tons/day). 

Columns 4 and 5 of Table 4.8 give the total annual volume of water 

( ac-ft ) and sediment load (tons) crossing the gaging station during the 

water year. These were computed from: 

12 

= L V. k 
j= 1 J' 

( 4. 7) 

12 

= L W. k 
j=l J' 

( 4.8 ) 

~,.;here (VYR)k = total annual volume of water crosing gaging stati o n 

( ac -ft ) ; (WYR\ = total a nnual sediment loa d cro ssing gagi ng sta t io n 
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( tons) . Columns 6 and 7 give the accumulated annual vo lume of water 

(ac- ft ) and sediment load ( tons), respectively over the 24-yr period . 

Tables 4.9 a nd 4 . 10 give the average monthly, minimum monthly, and 

maximum monthly water volumes (ac-f t ) and sediment loads ( tons ), respec ­

tively, for each month over the 24-yr period. 

The last two columns of Table 4 . 8 provide data for a plot of the 

double-mass relationship between the accumulated volume ( runoff ) and 

measured sediment load for the 24-yr period (Fig. 4.2) . Also, the 

results of Tables 4.9 and 4 . 10 were used for a plot of the monthly av­

erage relat i onship between sediment load ( tons ) and f low volume (ac-ft) 

(Fi g . 4 . 3). 

4.4 Sediment Inflow into the Peripheral Canal 

4 . 4 . 1 Sediment-discharge relationships 

In order to estimate the amount of suspended sediment tha t would be 

diverted into the PC from the Sacramento River under various canal 

operational schedules, a basic assumption was made that the amount of 

suspended sediments diverted would be proportional to the amount of 

wa ter diverted into the c a nal. 

To determine the amount ··of diverted sediment int o the canal f or a 

given Sacramento River flow a nd canal diversion, i t is fir st necessary 

to determine a general relationship between the Sacramento River flow 

a nd the corresponding sediment load j ust upstream f rom the int ake. The 

c ommonly used rela tionship between t he two is of the f orm 

b 
S = a Q ( 4. 9) 
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where S = daily sediment load (tons/day); Q = mean daily discharge 

(cfs); and a a nd bare constants. 

Historical data were used to determine the constants a and b by 

linearizing Eq. ( 4. 9) and performing a linear regression a nalysis ( see 

Section 3 .5 ). As the data shown in Fig. 4.1, Table 4.2, and Fig. 4 . 3 

c learly indicate, there is a wide range of values for both the mean 

daily discharge and daily sediment load. The cyclic relationship of the 

data (Fig. 4.3) show no simple relationship between the two. Conse-

quently, rather than using all 8766 data points, seasonal effects were 

incorporated into the study by developing a separate equat i on of the 

form of Eq. ( 4.9) for each of the 12 months of the year. Two approaches 

\.Jere used. 

1. For each month the mean daily flow ( cfs) and daily sediment load 

(tons/day) for the entire 24-yr period were used; for example, for 

the month of October there are 744 pairs of data points. Twelve 

equations were developed, one for each month. 

2. For each month, the average mean daily flow (cfs) and daily sedi­

ment load ( tons/day) were used (see Table 4. 7). ·In this case there 

are 24 pairs of data points for each month. Twelve equations were 

developed, o ne for each month. 

Equation (4.9) wa s l inearized and t he linear regression a naly si s was 

ca rried out for the above two approaches using the UCD Computer Center 

St a tistical Package mentioned previously. The values of the constant 

coeffic i ents a and b are listed in Table 4 .1 1. The correlation coeffi­

c ients ( listed in Table 4 . 11) a re a n i ndicati on of the variability in 

the da t a which ca n be a ccounted for . The fact tha t the higher river 

flow val ues ( and hi ghest sediment load s ) o ccur during the winter a nd 



Tab I e 4 . l 1 . Sedime nt-Discharge Ke l atio ns hip Linear Regress i on Hesull s , Sac ramento H:i ver. 

- -- ·-·---

Approa ch I - Nea n Daily Values ~roac h 1 I - tlonthl~erage Mea n _ Daily Va lues 
Numb er of Correlation a Numb er o f Correlation a -

tloolll data point s coeff i cient, r (x 10
6

) b data points coefficient, r ( x lOb) b 
- --- -- ---- ---

Oc l ohcc 744 0 . 8464 360.21 1.58379 24 0.8362 114. 7~ ]. 71 263 

Nove11tll ec 720 0 . 8774 3. 14 2 . 08127 24 0 . 8401 4 . 94 2 . 058 13 

llcccllll Jtcc 744 0.89 30 l. 31 2. 165 74 24 0. 7945 10 . 42 1.99510 

J ~Juu a ry 744 0 . 9205 2 . 89 2.09605 24 0 . 9026 80 . 46 1 . 80617 

Fe bnt a ry 678 0 . 9306 . 8.62 1.99491 24 0 . 8945 40.80 1 . 86547 
lJl 

tlarc h 744 0.9363 107.51 1 . 74840 24 0 . 9433 308 . 19 1. 66007 (J\ 

Apri I 720 0.9491 267.19 l. 64451 24 0 . 9587 438 . 20 1 . 60405 

tlay 7 4LI 0.9 34~ 12 18 . 47 1.49325 24 0 . 9519 1793. 7b 1 . 45939 

J llll C 720 0. 911 5 1408.46 1 . 45609 24 0 .934 7 18 47 . ~2 1.43 17 5 

Jttly 744 0 . 77 23 15955. 69 I . 18948 24 0 . 842b 26402 . 94 1 . 13882 

At tglt S l 744 0.755 1 8761.66 1 . 2550 1 24 0 . 8399 12603.26 1.21934 

St~ pl t> n tll er 720 0 . 6676 75 526. 63 1 . 04980 24 0 . 6b17 .')99223. 88 0 . 83945 
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spring months led to the use of the coefficients a and b from the second 

approach for subsequent calculations. 

4.4.2 Sediment load diverted into the Peripheral Canal 

Using the sediment-discharge relationships derived in the 

previous section, the amount of suspended sediments carried by the 

Sacramento River just upstream from the canal intake (i.e., 

Freeport to Hood reach) was calculated for various mean daily flow 

values for each month under the six different flow alternatives 

(Columns 2 through 7, Table 4.1). The average monthly results 

~( 

expressed in 1,000 cfs-days for flow and 1,000 tons for suspended 

sediments are sununarized in Columns 2 and 3 of Table 4.12. The 

Peripheral Canal diversions from the Sacramento River (last six 

columns of Table 4. 1) in 1, 000 cfs- days are shown in Column 5 of 

Table 4.12. Using the assumption that the amount of suspended 

sediment diverted into the canal is proportional to the quantity of 

water diverted into the canal, the suspended sediments diverted 

into the canal were calculated and the results sununarized in 

Column 6 of Table 4. 12. 

As discussed above in Section 2.2.1.1, the total sediment load 

values used in the calculations contain some of the bed load in 

addition to the sediment load. It is anticipated that proper 

design o f the intake will minimize the amount of bed load diverted. 

Thus, the amount of sediment computed to be diverted i nto t he 

Peripheral Canal can be considered to be conservative. 

cfs - day = 1 . 983 ac r e - feet 



Tabl e 4. 12 . Sediment Dive rsions into the Per ipheral Canal. 

-- . ---· ··- - -------· 

FREEPORT TO HOOD CANAL DIVERSfONS HOOD TO WALNUT GROVE ------------------ ----------
Sedjmcnt Sediment Bed Sediment 

------
Flow suspended bed Flow suspended Flow capacity deposition 

Nonlh 1,000 cfs-day 1,000 tons 1,000 tons 1, 000 cfs -day 1 , 000 tons 1, 000 cfs-day 1, 000 tons 1,000 tons 
·-- --------------

llc l o bt• r 

A- N 377 35 6 . 1 271 25 106 0.0 6. l 
B-N 390 37 6 . 6 276 26 114 0.0 6 . 6 
\.JL::T 446 47 8 . 9 289 31 157 0.3 8 . 6 
Dl<Y 360 33 5.9 236 22 124 0.0 5 . 9 
CRIT 348 31 5. 1 249 22 99 0.0 5. 1 
AVE 394 38 7.0 267 26 127 0 . 1 6.9 

Novemb e r 

A-N 384 42 6 .5 280 31 104 0 . 0 6.5 Vl 

B-N 408 48 7 . 5 288 34 122 0 . 0 7.5 
CXl 

WET 4~8 72 11.2 339 49 159 0 . 4 10.8 
DRY 369 39 6 . 3 248 26 121 0.0 6 . 3 
CHIT 308 27 4.2 218 19 90 0 . 0 4 . 2 
AVE 4IJ 49 8.3 286 34 127 0 . 1 8 .2 

Dece1uhe r 

A-N 500 80 11.4 293 47 207 1.2 10.2 
B- N 44 3 63 8 . 8 284 40 159 0 .3 8 .5 
\.JET 1 '084 375 27 . 3 446 154 638 15 . 1 12.1 
DRY 399 51 6 . 7 285 36 114 0 . 0 6 . 7 
CHlT 315 32 5 . 1 231 24 84 0.0 5. 1 
AV E 63 4 129 14 . 5 331 67 303 3 . 9 10 . 6 

J anua ry 

A-N 659 163 15 .9 411 102 248 2.3 13.6 
B- N 514 104 12 . 0 340 69 174 0 . 5 11.5 
WET 1 ,665 87 2 41.7 343 180 1,322 35. 1 6.6 
IJI<Y 522 107 11.7 395 81 127 0 . 0 11. 7 
CIU T 382 61 5 . 8 329 53 53 0 . 0 5. 8 
AVE 894 284 22.5 363 115 531 11.9 10.6 



Table 4 . 12 Continued 

FI~EEPORT TO HOOD CANAL DfVEI<SfONS HOOD TO WALNUT GROVE ------------------ ------------- - - ·- ---- -----
Sediment Sediment Red Sediment - --- ---- - ----- -- ------ - -

Fl ow s uspended bed F1ow suspended Flow capacity deposition 
~lonlh 1,000 cfs-day 1,000 tons 1,000 tons 1,000 cfs-clay 1,000 tons 1,000 cfs-day 1,000 tons 1,000 tons 

-·---------

Fchntary 

1\-N 911 290 22.4 323 103 588 13 . 5 8.9 
13-N 937 305 22.8 334 109 603 13 . 7 9. I 
l.fET 1,640 868 41.5 262 139 1,378 37.4 4. 1 
IJHY 640 150 15.3 344 81 296 4.0 11.3 
CHIT 380 57 6.7 324 49 56 0.0 6.7 
AVE I, OJ I 365 25.9 310 110 721 18.9 7 .0 

Narch 

A-N I , 123 353 29.6 309 97 814 21.0 8.6 
B-N 827 213 20.6 329 85 498 10 . 5 10. 1 

VI 
\.() 

\vET I, 288 444 33 . 6 244 84 1 ,044 26.6 7.0 
DHY 627 134 14.4 354 76 273 3 . 0 11.4 
CHIT 350 51 5. I 278 41 72 0.0 5. 1 
AVE 930 259 23. I 296 82 634 14.5 8.6 

:\p r i l 

A-N 702 134 11 . 0 344 66 358 5.5 5.5 
B-N 469 70 9.9 308 46 161 0.4 9.5 
I"ET 1,085 770 28·. 6 323 80 762 19.8 8.8 
DHY 445 64 8 . 8 304 44 141 0. 1 8.7 
CRTT 330 40 4. 7 229 28 101 0.0 4.7 
AVE 687 129 17. 3 310 58 377 6.4 10.9 

Hay 

A-N 578 95 12 . 6 184 30 394 6.7 5.9 
B-N 49 5 76 10 .4 216 33 279 3.2 7.2 
WET 1 '135 254 2<J.9 194 43 941 24.0 5.9 
DHY c~ (j 4 54 6. 7 238 33 156 0 . 3 6.4 
CHlT J ()lj 38 4 . I 212 26 97 0.0 4. 1 
AVE 6 72 118 16 .2 20 7 36 465 9.6 6.6 



'J'; ti> Je 4 . 12 Co nti nued 

mEEPORT TO HOOD CANAL DIVERS IONS HOOD TO WALNUT GROVE 
·-· ------- ~ - ---------- - ------------- ------ --- -- ----- -------- ---------- ---------- -------- - -- ---

Sediment Sedimen t Bed Sediment ---- ---- -------- -- - - ------- - - -------
Flow s us pe nd ed bed Flow sus pended Flow ca pa city deposition 

Hont l1 1,000 ds-day 1,000 ton s 1,000 tons 1,000 cfs-day 1,000 tons 1, 000 cfs- da y 1,000 t~ns 1,000 tons 
---.- - ---·- --- -----------

Ju u c 

A- N 546 70 12.4 27 4 35 272 3.3 9. 1 
B- N 476 57 10.0 280 34 196 1.1 8 .9 
\vET 786 11 7 19. 1 218 33 568 12 . 3 6 . 8 
DHY 400 45 7. 0 298 34 102 0 . 0 7.0 
CI-UT 303 30 4. 1 216 21 87 0 . 0 4. 1 
AVE 552 71 11. l 255 33 297 3.9 7 . 2 

Jil l y 

A-N 610 64 14 . 1 429 45 181 0.6 13.5 
"' B-N 563 58 12 . 8 427 44 136 0. 1 12.7 0 

\vET 652 69 14 . 8 407 43 245 2.2 12.6 
DR Y 506 51 11.5 413 42 93 0.0 11 . 5 
Cl{l T 406 40 7 .2 323 32 83 0.0 7 . 2 
AVE 570 59 11. 5 406 42 164 0 . 4 11. 1 

A11gu s t 

A-N 635 71 15 .0 556 62 79 0 . 0 15.0 
B- N 625 69 14 . 8 549 61 76 0.0 14.8 
\vET 63 7 7 1 14-.5 556 62 81 0 .0 14 . 5 
llHY 585 64 D . 2 515 56 70 0.0 13 . 2 
CHIT 468 49 7.2 403 42 65 0 .0 9 .2 
AVE 604 66 13. 0 528 58 76 0 .0 13.0 

St•pl t' lltht: r 

A- N 4J3 56 8 . 6 329 43 104 0.0 8 . 6 
B-N 456 58 9 . 7 349 44 107 0 . 0 9 . 7 
\·lET 486 61 10 .6 311 39 175 0 . 7 9 . 9 
lli<Y JIJ I 51 6 . 9 316 41 75 0 . 0 6 . 9 
CHIT 35 4 47 5 . 4 273 36 81 0.0 5 . 4 
AVE 4J6 56 8.7 317 4 l 119 0 .0 8 . 7 



Total 

A-N 
B-N 
WET 
DRY 
CRTT 
AVE 

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

FHEEPOHT TO 11000 

Fl ow 
1,000 c fs-d ay 

7,458 
6 , 603 

11,402 
5 , 638 
4,253 
7,817 

--- - -
Sedj menl 

suspe nd ed 
1,000 tons 

1,453 
1, 158 
3 ,5 20 

843 
503 

1 ,623 

bed 
1, 000 tons 

165.6 
145 . 9 
281. 7 
114.4 
66.7 

179. 1 

Table 4.1 2 Continued 

CANAL DIVERSIONS 

Flow 
1,000 cfs-day 

4,003 
3,980 
3,932 
3,946 
3,285 
3,876 

~---

Sediment 
suspended 
1,000 tons 

800 
625 
937 
572 
393 
702 

HOOD TO WALNUT GROVE 

Flow 
1, 000 cfs -day 

3,455 
2,625 
7,470 
1,692 

968 
3,941 

Bed Sediment 
capacity 

1, 000 tons 

54.1 
29.8 

173 . 9 
7.4 
0.0 

69.7 

deposition 
1,000 tons 

111.5 
116.1 
107.8 
107.0 
66.7 

109.4 

0\ 
1-' 
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4.5 Sacramento River Bed Load Capacity and Bed Load Deposition Down­

stream from the Peripheral Canal Intake 

Two methods were used to determine the Sacramento River bed load 

capacity upstream and downstream from the Peripheral Canal intake: 

Kalinske' s procedure and Einstein's procedure (Graf, 1971). In order 

that the analyses of both techniques draw from similar data bases, and 

following consideration of the available data at Hood (Appendix A), the 

data for Section 3 (Fig. 2.2) were assumed to be representative of the 

Sacramento River at the Peripheral Canal Intake. Also, the part icle 

size analysis of the bed material for February 29, 1980 (Fig. 2 . 4) was 

chosen as representative of the bed load particle size distribution for 

subsequent analysis. 

4.5.1 Kalinske procedure 

The results of the particle size analysis for Section 3 

near Hood are plotted in Fig. 2 . 5. As can be seen from the plot, 

the diameter for which 50% of the sample (by weight ) is finer is 

0.285 mm (d
50 

= 0.285 mm). 

In order to carry out Kalinske's procedure, it was neces­

sary to develop the following relationships: 

1. Discharge vs cross-sectional area 

The Section 3 historical data for daily flow and cross ­

sectional area listed in Table. 3.5 are summar ized in Table 4.13 

( values for one pair were questionable and thus were not included 

in the a nalysi s ) . 

b A = aQ 

The data were fit to a n equati o n o f the f orm 

( 4 . 10) 
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Table 4.13. Summary of Q, A, Ave Depth, R Values for Section 3. 

Date Q(cfs) A(ft
2

) Average Depth (ft) R(ft) 

Feb. 22, 1979 58,990 17,641 29.48 27.92 

Sept. 6' 1979 24,664 14,173 22.56 23.59 

25,085 13,813 21.86 23.1 1 

25,024 13,587 21.36 22.82 

feb. 29, 1980 75,909 19,606 33.00 30.28 

June 25' 1980 25,849 13' 113 20.70 22.13 

Sept 16, 1981 21,200 12,973 20.90 21.86 

where 

Q = mean daily flow (cfs) 

A = cross-sectional area (ft
2

) 

a,b = regression coefficients. 

The equation was transformed by taking logarithms of each side and 

linear regression was used to determine a and b. The regression 

coefficient are given in Table 4.14. 

It should be not~d that this equation is an approximation, 

and analysis by a more complete method will give somewhat different 

result s. However, the approximation was assumed to be adequate i n 

this context. 

Table 4.14. A vs Q and R vs Q Relationships for Sect ion 3. 

Equation a b Correlation coefficient 

A = a Q b 561.1% 0 . 3 1510 0. 9845 

R = a Q b 1. 899 0 .2 4561 0.983 2 
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2 . Discharge vs hydraulic radius 

The hydraulic radius for flow conditions for each date in 

Table 4.13 were calculated using the formula: 

where 

A 
R = p 

R = Hydraulic radius (ft) 

A= cross-sectional area (ft), Table 4 . 13 

P = b+2df)wetted perimeter (ft), (trapezoidal section, 

side slopes 2 : 1) 

(4 . 11) 

b = average river bottom width (ft), ~soo ft (see Fig. 3 . 1) 

d =average flow depth (ft), see Appendix A 

The values of R and Q were then fitted to the equation 

R = aQb (4 . 12) 

The results are shown in Table 4. 14. In order t o carry out 

Kalinske ' s procedure (and Einstein's procedure also) it is neces-

sary to have an estimate of the average river beti slope because the 

bed slope is assumed to represent the slope of the energy grade 

line. An examinat i on of the bed elevat i ons of the various sec -

tions, however, show that in this region, the Sacramento Ri ver has 

an adverse ( negative ) bed slope; in other words the bed eleva tion 

i ncrea ses in the downstream di rection. Consequently, a n alterna-

t ive approach was followed: 

1. ~I a nnin g ' s ro ughnes s coefficient, n, was computed using an 

equati on d eveloped in a n earlier UCD Hydrau lic Lab o r atory 

studv ( Bamgboye et al., 1981 ) . The equa t ion is 
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n = fo.Ol64 + Q ~ 20,000) Rl/6 
\ X 10

7 (4.1 3) 

where 

n =Manning's roughness coefficient 

Q = mean daily flow (cfs) 

R = Hydraulic radius (ft) 

2. The friction slope, Sf is used in the place of the bed slope 

in these calculations. lt can be determined from the ~tanning 

equation: 

where 

S = friction slope (ft/ft) 
f 

n =Manning's roughness coefficient 

Q = mean daily flow (cfs) 

R = hydraulic radius (ft) 

Q = cross sectional area (ft) 

(4.14) 

The results of Kalinske's procedure are summarized in 

Tables 4.15-4.26. The followin g is a summary of data in the indi-

v idual columns of the table which a lso provide informati o n on how 

the values were calculated. 

(l) Month 

(2) Q, cf s (mean daily flow); from Table 4.1 

(3) R, ft ( hydraulic radius); from Eq. ( 4 . 1 2 ) 

·- ----------- - -- ---- -
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(4) A, ft 2 (cross-sectional area); from Eq. (4. 10 ) 

(5) n, dimensionless (Manning's coefficient); from Eq . ( 4. 1 3) 

(6) 

(7) 

(8) 

Sf' ft/ft (friction slope); from Eq. ( 4.14) 

2 R 3 
to' kg/m (shear stres; to = y 3 . 28 sf, y = 1000 kg/m 

(t) ; kg/m2 (critical shear stress ) ; (t) = 0 . 02 kg/m
2 

o cr o cr 

(Graf, 1971) for mean diameter d50 = 0 . 285 mm. ( t
0

) cr/t
0

, 

dimensionless 

(9) Factor, dimensionless; from Graf (1971) 

(10) 3 qs; m /day-m (bed load rate); from qs = ( factor)(u*)( d50 ) 

2 4 
where u* = ~t 0 /p; d50 , m; p = 1,000/9 . 8 kg-sec / m 

(11) gs, kg/m-sec (bed load rate); from gs = qsys; ys = (2 .65 )( 1, 000 ) 

kg/m3 

(12) G , kg/sec (bed load rate); from G = g B· B =bottom width 
s s s ' 

= 500/3 . 28 m 

(13) Q, 1,000 cfs-day (total monthly flow); from (Q( 2 ) )(no. days 

in month)/1,000 

(14) G , 1,000 tons/day (bed load rate ) ; from (G (12 ) ) (2 . 2 
s s 

x 86,400/2,000) (no. days/1,000) 

Column 4 of Table 4. 12 shows bed load capacity of the 

Sacramento River upstream of the canal intake. These va l ues a re 

summarized from Tables 4.15 through 4.20. Column 8 of Table 4 . 12 

shows the bed load capacity of the SacramenLo River downst re am of 

the canal intake. These values are summarized from Tab les 4 . 21 

through 4. 26. The design plans for the Peripheral Canal i nc l ude 

construction of a 10 ft sill at the ca na l ' s intake to pr event bed 

load f r om being carried into the cana l . Thus, assuming that the 

river i s carry ing i ts bed lo ad a t capacity, the amount of bed load 



Table 4.15. Freeport to Hood Bed Load Calculations, Kalinske's Procedure (Above Normal Year). 

Q p 
A sf t ~= qs gs G Q Gs r:.lllt h (cf s ) ( ft) ( f t 2 ) 

n 
(kgl,i ) Factor 

( ft/ f t) 'o (m2/scc ) (kg/ sec ) (~ glsec ) ( 1000 (1000 t ons ) 
cf s/day ) 

10 12170. 19.139 10874 .o c~ .o.2M .782E-o5 o.o456 o.438 o.85 .512£-05 0.01358 2.069 377. 6.1 

11 12808. 19.380 11050.5 0.0266 .830£-05 0.0490 0.408 0.90 • 562E-05 0.01490 2.271 394 • L c; ···· J 

12 lt.127. 20.509 11882.7 9.0270 .108£-04 0.0678 0.295 1.30 .955£-05 0.02530 3.857 500. 11.4 

21248. 21.946 12961.4 0.0275 .150£-04 0.1001 0.200 1.50 .134£-04 0.03548 5.409 659. 15.9 ~ 
'-J 

2 31401. · 24.156 14658.9 0.0283 .238£-04 0.1752 0.114 1.70 .201£-04 0.05320 8.109 911. 22.4 

3 36213. 25.017 15332.5 0.0286 .282£-04 0.2154 0.093 1.90 .249£-04 o.ot.S93 to.o51 1123. 29.~. 

4 23404. 22.473 13362.2 0.0277 .168£-04 0.1149 0.174 1.00 .956£-05 0.02534 3.863 702. 11 .0 

5 18t.49. 21.254 12439.4 0.0273 .128£-04 0.0832 0.240 1.30 • 10f..E-04 0.02M3 4.273 578 • 12.6 

6 1e199, 21.121 12344.0 o.o272 .125£-04 0.0804 0.24'7' 1.35 .108£-04 0.02861 4.362 546 . 12.4 

7 19693. 21.540 12654.7 0.0273 .137£-04 0.0899 0.223 1.40 .118£-04 0.03138 4.783 610 . 14.1 

6 20499 . 21.754 12815.7 0.0274 .143£-04 0.0951 0.210 1.45 .126£-04 0.03344 5.097 635. 15.0 

9 14430. 19.956 11473.6 o.o2b8 .952£-05 0.0579 0.345 1.10 .747£-05 0.01980 3.018 433. e .• 6 



Table 4.16. Freeport to Hood Bed Load Calculations, Kalinske ' s Procedure (Below Normal Year). 

Q p 
A sr 'o Cr0 )cr. G t-l.u1th (cf ;) ( ft) ( f t 2 ) 

n Fac t or qs 9s G Q s 
( ft/ f t) ( kg/nl2 ) 'o (1.,2 / sec ) (k g/ se c ) (kg~ sec ) ( 1000 ( 1000 tons) 

c f s/ddy) 
·-·-- -··-- -- ... -------··· --

10 12567. 19.290 10984.6 0.0266 .812E-05 0.0477 0.419 0.90 .SSSE-05 0.01470 2.241 3$'0, 6.6 

11 13614. 19.673 112.~5.1 0.0267 .890E-05 0.0534 0.375 1.00 • 652E-05 0.01728 2.634 408 • 7.5 

1'i .... 14281 • 19.906 11436.1 Q.0268 .941E-05 0.0571 0.350 1.10 .742E-05 0.01965 2.'t96 443. 8.8 

165~. 2o .e.so 11987.5 o.o271 .112E-04 0.0705 0,284 1.35 .101E-04 0.02679 4.085 514 . 12 .0 0\ 
00 

2 32295 , · 24.323 14789.1 0.0283 .246E-04 0.1824 0.110 1.70 .205E-04 0.05429 8.276 937. 22.8 

3 2t.6M. 23.206 13923.4 0.0279 .196E-04 0.1385 0.144 1.65 .173E-04 0.04590 6.997 827 . 20. ~ 

4 l5b27' 20.351 11765.3 0.0270 • 104E-04 0.0648 0.309 1.20 .862E-05 0,02284 3.482 469 • 9.9 

5 15957. 20.456 11843.1 0.0270 • 107E-04 0.0668 0.300 1.20 .875E-05 0.02318 3.534 495 • 10.4 

.s 15&83. 20.432 11825.7 0.0270 · .106E-04 0.0663 0.302 1.20 .872E-•J5 0.02310 3.522 476. 10.0 

7 18171. 21.119 12338 .0 0.0272 • 125E-04 0.0802 0.249 1.35 .108E-04 0.02858 4.357 563 • 12.8 

8 20168. 21.667 12750.1 0.0274 .141E-04 0.0930 0.215 1.45 .125E-04 0.03305 5.038 625. 14.8 

9 15211 . 20 .216 11U5.7 0.0269 .101E-04 0.0624 0.321 1.20 .846E-05 0.02241 3.416 456 . 9.7 



Table 4. 17. Freeport to Hood Bed Load Calculations, Kalinske's Procedure (Wet Year). 

Q p 
A2 sf 10 ( T

0
)cr . 

qs 9s Q 
G 

fl<l nl h ( fl ) n Fa ct or G s 
( cfs) ( ft ) ( f l / ft ) (k g/m2 ) To (m2/ sec ) ( kg/ sec ) (kgJsec ) ( 1000 ( 1000 t ons) 

cf s/day ) 

10 14377 I 19.93S 11460.3 0.0268 .948E-05 0.0576 0.347 1.10 .745E-05 0.01975 3.010 446. 8.9 

11 16605. 20.657 11992.6 0.0271 .112E-04 0.0706 0.283 1,30 • 975E-05 0.02583 3.937 498 • 11.2 

12 34965. 24.802 15164.Q 0.0285 .271£-04 0.2047 0.096 1.80 .230E-04 0.06089 9.282 1084. 27.3 

1 53713. 27.560 17360.5 0.0297 .459E-04 0.3853 0.052 2,00 ,350£-04 0.09282 14.149 1665. 41.7 Q\ 
\.0 

2 56558. 27.912 17645.2 0.0298 .4S9E-04 0.4163 0.048 2.05 ,373E-04 0,09889 15.075 1640, 41.5 

') 41545. 25.875 16010.7 0.0289 ,334E-04 0.2633 0,076 1,95 .282E-04 0.07482 11.405 1288. 33.6 " 

4 36181, 25.011 15328.2 0.02~S .282E-04 0.2151 0.093 1.90 .249E-04 0.06589 10,044 1085, 28.6 

5 36616. 25,085 153S.S.1 0,0286 .286E-04 0.2189 0.091 1.90 .251E-04 0.06647 10.132 1135, 29.9 

6 26207. 23.106 13847.1 0.0279• .192E-04 0.1350 0.148 1.60 .166E-04 0.04396 .:..701 786. 19.1 

7 21023. 21.889 12'7'18.0 0.0275 .148E-04 0.0966 0.203 1.40 .124E-04 0,03287 5.010 652. 14.6 

8 20551. 21.767 12825.9 0.0274 • 144E-04 0.0955 0.209 1.40 .122E-04 0.03234 4.930 637 • 14.5 

9 16198. 20.531 11899.1 0.0270 .109E-04 0.0682 0.293 1.25 .921E-05 0.02440 3.720 48.$. 10.6 



Table 4. 18. Freeport to Hood Bed Load Calculations, Kalinske's Procedure (Dry Year). 

Q p 
Az sr To ( T

0 
)cr . G Honth (cf s ) (f t) n Fac tor q, gs G Q s (ft) ( f t / ft) (kg /m2) To (m2/sec) (kg/sec ) (k g~ sec ) ( 1000 ( 1000 t ons) 

cfs/day ) 

10 11t.26, 18.925 10718.4 0.0265 .742£-05 0.0428 0.467 0.85 .496£-05 0.01315 2.004 360, 5.9 

11 12284. 19,183 10906.0 0,02M .790£-05 0.0462 0.433 0,90 • 546£-05 0.01447 2.205 369 • 6.3 

12 12887 I 19.410 11071.9 0.0467 .835£-05 0.0494 0.405 0.90 .565£-05 0.01496 2.281 399. 6.7 

16825. 20. 723 12042.4 0.0271 .114£-04 0.0719 0.278 1.30 .984£-05 0.02607 3.974 522. 11.7 -...J 
0 

') 22067, 22.151 13116.3 0.0276 .156£-04 0.1056 0.189 1.50 • 138£-04 0.03645 5.5st. 640 • 15.3 .. 

3 20227. 21.682 127b1.8 0.0274 .141£-04 0.0933 0.214 1.40 ,121E-04 0,03198 4.875 t?7 . ._,. 14.4 

4 14823. 20.089 11571.2 0.0269 .982E-05 0.0602 0.332 1.10 ,J.S1E-05 0.02017 3.075 445. 8.8 

"' 12698, 19.339 11020 .5 0.0266 .821E-05 0,0484 0.413 0,90 .559£-05 0.01481 2.257 394. 6.7 J 

6 13337 I 19.574 11192.3 0.0267 .869£-05 0.0519 0.386 0.95 .610£-05 0.01618 2.4.56 400. 7.0 

7 lt·334 . 20.573 11930.5 0.0270 .110£-04 0.0690 0.290 1.30 .963E-05 0.02553 3.892 so.s. 11.5 

8 18859 . 21.313 12483.3 0.0273 .130£-04 0.0845 0.237 1.35 ,111E-04 0.02934 4.473 585 . 13.2 

9 13029. 19.462 11110.2 0.0267 .846£-05 0.0502 0.398 0.95 .601£-05 0.01591 2.42-S 391. ~ .• 9 



Tabl e 4. 19. Freeport to Hood Bed Load Calculations, Kalinske's Procedure (Critical Year). 

Q p 
A s f To ( T0 )cr . 

9, Gs 1\, lll lh (cfs ) ( fl) ( ft 2) 
n f ac tor qs G Q 

(fl/fl ) (kg/1112) To (1112/ sec) (kg/ se c ) ( kg~ sec ) (1000 (1 000 t on s ) 
cfs/day ) 

10 11220. 18. 760 10599 .1 0.0264 • 712E-05 0.0407 0.491 0.75 .427E-05 0.01132 1.725 348 • 5.1 

11 10269. 18.357 10307.4 0.0263 ,643E-05 0.03.~0 0.556 0,68 • 364E-o5 o.oo%4 1.470 308 • 4.2 

12 1015.$. 18.307 10271.5 0.0263 .635E-05 o.o354 o.564 o.8o .425E-05 0.01126 1.716 315. 5.1 

12322. 19.197 10916.6 0.0266 .793E-os o.0464 o.431 o.8o .486E-05 0.01289 1.965 3e2. 5.e --.! 
f-' 

2 13110. 19.492 11131.9 0.0267 .852E-05 0,0506 0.395 0.95 .603E-05 0.01598 2.437 380. 6.7 

3 112~·o. 18.789 10t.l9.9 0.0265 ,717E-05 0.0411 0.487 0.75 .429E-05 0.01137 1.733 350 . 5.1 

4 10988. 18.664 10529.5 0.0264 .695E-05 0.0396 0.506 0.73 .410E-05 0.01065 1.655 330. 4.7 

5 9952. 18. 216 10206.0 O.OU3 .620E-05 0.0344 0.581 0.65 .340£-05 0.00902 1.375 309. 4.1 

L 10101. 18.283 10253.9 0.0263 ;631E-05 0.0352 0.569 0.68 ,360E-05 0.00953 1.453 303. 4.1 ·-· 

7 13101. 19 .488 11129.5 0.0267 ,852E-05 0.0506 0.395 0.95 , .S03E-05 0.01598 2.435 406. 7.2 

8 15095. 20.178 11637 .6 0.0269 • lOOE-04 0.0617 0.324 1.10 .771E-05 0,02043 3.115 4M • 9.2 

9 11796. 18.993 10767.6 0.0265 ,754E-05 0.0437 0.458 0.80 .472£-05 0.01250 1.90.S 354. 5.4 



Tab l e 4. 20. Freeport to Hood Bed Load Calculations, Kalinske•s Procedure (Average Year ). 

Q p 
A s f 'o ( 1

0
)cr . 

qs 9s G Q Gs t~J il lh ( c f s ) ( f l ) ( f t 2 ) 
n f ac t or 

( fL / fL ) ( kg/m2 ) 'o (m2/sec ) (kg/ se c ) (k g~ sec ) ( 1000 ( 1000 t ons) 
cfs/day ) 

10 12725. 19.350 11027.9 0.0266 .823E-05 0.04&$ 0.412 0.95 .591E-05 0.01565 2.38.$ 3~·4 . 7.0 

11 13759. 19.724 11302.7 0.0268 .901E-05 0.0542 0,369 1.10 • 722E-05 0.01915 2.919 413 . 8.3 

12 20458. 21. 743 12807 .6 0.9274 .143E-04 0.0949 0.211 1.40 .122E-04 0.03224 4.914 634. 14.5 

1 28841. 23 t 656 H271.3 0.0281 .215E-04 0.1549 0.129 1.70 • 189E-04 0.05003 7.627 894 • 22.5 
...._. 
N 

'l 35558. 24 .905 15244.6 0.0286 .276E-04 0.2098 0.095 1.80 .233E-04 0.06164 9.396 1031 . 25.9 I. 

3 30013. 23.889 14451.6 0. 0282 .225E-04 0.1641 0,122 1.70 .194E-04 0.05149 7.849 930, 23.1 

4 22887. 22.350 13268.5 0.0276 .163E-04 0.1113 0.180 1.60 .151E-04 0.03990 6.083 687. 17.3 

5 21680. 22.055 13043.9 0.0275 ,153E-04 0.1030 0.194 1.50 .136E-04 0.03599 5.487 672. 16.2 

6 1f.400 . 21.184 12386.8 0.0272 :126E-04 0.0816 0.245 1.20 ,967E-05 0.02563 3.907 552. 11.1 

7 18382 . 21 .179 12383.0 0.0272 .126E-04 0,0815 0.245 1.20 .967E-05 0.02561 3.905 570 . 11.5 

8 19480. 21. 483 12611 .4 0.0273 .135E-04 0.0885 0.226 1.30 .109E-04 0.02891 4.407 604. 13.0 

9 14540. 19.'7'94 11501.1 o.o2t.8 .961E-05 0,0586 0.342 1.10 .751E-05 0.01990 3.034 43.~ .• 8.7 



Table 4.21. Hood to Walnut Grove Bed Load Calculations, Kalinske•s Procedure (Above Normal Year). 

Q R A s f 'o (1
0

)cr. q, g, G Q G, 
~ -\, . n l h ( cfs ) ( f t ) ( f t 2 ) 

n Factor 
( ft / ft) (kg/1112 ) To (nh sec ) (kg/ sec ) (kg~ sec ) ( 1000 (1000 t ons) 

cfs/day ) 

10 3404. 13.9'1'6 7278.5 0.0249 .183E-OS 0.0078 2.565 0.00 o. o.ooooo 0.000 106. o.o 

11 3475. 14.068 7326.0 0.0250 .187E-os o.oo8o 2,493 o.oo o. o.ooooo o.ooo 104. o.o 

12 M88. 16.522 9004.6 0.0257 .394E-05 0.0198 1.009 0.25 .993E-06 0,00263 0.401 207. 1.2 

1 7996. 17.263 9526.0 0.0260 .483E-05 0.0254 0.787 0.43 .193E-05 0.00512 0.781 248. 2.3 -....! 
w 

2 20272. 21.694 12770.8 0.0274 .142E-04 0,0936 0.214 1.40 • 121E-04 0.03203 4.882 588 • 13.5 

3 26261. 23.118 13856.1 0.0279 .192E-04 0.1354 0.148 1.70 .177E-04 0.04678 7.130 814. 21.0 

4 11921. 19.042 10803.4 0.0265 .764E-05 0.0443 0.451 0.80 .475E-05 0.01259 1.920 358 . 5.5 

5 12713. 19.345 11024.6 0.0266 .822E-05 0.0485 0.412 0.90 .559£-05 0.01482 2.259 394. 6.7 

6 9072. 17.806 9912.6 0.0261 . .558E-05 o.o3o3 o.061 o.58 .285£-05 0.00755 1.150 272. 3.3 

7 5840. 15.981 8628.0 0.0256 .337£-05 0.0164 1.217 0.15 .542E-06 0.00144 0.219 181. 0.6 

8 2540 . 13.025 6637.1 0.0246 .131£-05 0.0052 3.839 o.oo o. o.ooooo o.ooo 79 . o.o 

9 3476. 14.069 7326.7 0.0250 .187E-05 0.0080 2,492 0.00 o. o.ooooo o.ooo 104. o.o 



Table 4. 22 . Hood to Walnut Grove Bed Load Calculations, Kalinske's Procedure (Below Normal Year). 

Q p 
A sf 'a (t

0 
)c r . G, .\d llt h ( cf s ) ( ft) ( f t

2 ) n Fac t or q, 9, G Q 
( ft / f t) ( kg/lnl ) 

' a (,,2 /sec ) (kg/ sec ) (~ gf s ec ) ( 1000 ( 1000 tons) 
c t s/ddy ) 

10 3664. 14.252 7449.3 0.0250 .199E-05 0.0086 2.318 0.00 o. o.ooooo o.ooo 114. o.o 

11 4065. 14.620 7697.1 0.0251 .223E-05 0.0100 2.008 0.01 .282£-07 0.00007 0.011 122 . o.o 

12 5113. 15.467 8274.1 0!0254 ,290E-05 0.0137 1.463 0.08 .264E-06 0.00070 0.107 15"9. 0.3 

1 5605. 15.820 8517.1 0.0255 .322E-05 0.0155 1.288 0,13 .457E-06 0.00121 0.185 174. 0.5 -...) .,... 

2 20779 • . 21.826 12870.6 0.0274 .146E-04 0,0970 0.206 1.40 .123E-04 0.03260 4.969 603. 13.7 

3 1607'i'. 20.494 11871.5 0.0270 .108E-04 o.o675 o.29c. 1.20 .879E-05 0.02330 3.553 498. 10.5 

4 5355. 15 .644 8395.5 0.0255 .306E-05 0,014.$ 1.372 0.10 .341E-06 0.00090 0.138 161. 0.4 

5 9011. 17.777 9891.5 0.0261 .553E-05 0,0300 O.M7 0.55 .269E-05 0.00712 1.08.$ 279. 3.2 

6 6547. 16.436 8944.4 0.0257 · .384E-05 0.0192 1.039 0.25 • 979E-06 0.00259 0,395 196 • 1.1 

7 4401. 14.908 7892.2 0.0252 .244E-05 0.0111 1.800 0.03 .892E-07 0.00024 o.o3.:- 136. 0.1 

8 2436. 12.892 6550.2 0.0246 .125E-05 0.0049 4.066 0.00 o. o.ooooo o.ooo n . o.o 

9 3559. 14.150 7381.4 0. 0250 .192E-05 0.0083 2.412 0.00 o. o.ooooo o.ooo 107. o.o 



Tabl e 4.23. Hood to Walnut Grove Bed Load Calculations, Kalinske's Procedure (Wet Year). 

Q p 
A sf To ( T

0 
)cr. 

qs gs G Q Gs 
f\. n1t h ( cfs) ( fl ) ( ft 2 ) 

n 
(kg/Ill) 

Fac t or 
(kgJ se c ) (1 000 t ons ) (f t / f l) To (m2/ sec ) ( kg/sec ) ( 1000 

cf s/day ) 

1\1 5049. 15.419 8241.3 0.0254 .286E-05 0,0134 1.489 0.07 .229E-06 0.00061 0,092 157. 0.3 

11 5300. 15.604 8368.2 0.0255 .302E-05 0.0144 1.392 0.10 ,338E-06 0.00090 0.137 159. 0.4 

12 20594. 21.778 12834.4 .0.0274 .144E-04 0.0957 0.209 1.45 .127E-04 0.03355 5.114 638. 15.1 

42647. 26.042 16143.3 0.0290 .345E-04 0.2737 0.073 2.00 ,295E-04 0.07823 11.925 1322. 35.1 ......, 
V1 

2 47512.· 26.742 16702.3 0.02'i3 .394E-04 0.3210 0.062 2.10 .336E-04 0.08896 13.560 1378. 37.4 

3 33692. 24.577 14987.8 0.0284 .259E-04 0.1940 0.103 1.80 • 224E-04 0.059~7 9.035 1044 • 26.6 

25396. 22.929 13710.6 0.0278 .185E-04 0.1291 0.155 1.70 .172E-04 0.04567 6.961 7/:.2, 19.8 

5 30366. 23.958 14504.9 0.0282 ,228E-04 0.1669 0.120 1.75 .202E-04 0.05345 8.148 941 . 24.0 

6 18936. 21.334 12499.4 0.0273 .131E-04 0.0850 0.235 1.30 .107E-04 0.02834 4.320 568. 12.3 

7 7891. 17.207 9486.4 0.0260 .475E-OS 0.0249 0.802 0.42 .187E-05 0.00496 0.756 245. 2.2 

8 2628. 13.135 6708.7 0.0247 .136E-05 0.0055 3.663 0.00 o. 0.00000 o.ooo 81. o.o 

9 582'i, 15.973 6622.9 0.025t. .337E-05 0.0164 1.220 0.16 .578E-06 0.00153 0.233 175. 0.7 



Table 4. 24. Hood to Walnut Grove Bed Load Calculations, Kalinske's Procedure (Dry Year). 

··---- -·---

Q p 
A sf 'o ( 1

0
)cr. gs Q 

G 
1:,1nth (cfs ) ( ft) ( ft 2) 

n Fac tor qs G s 
( ft/ f l ) ( kg/m2) 'o (m2/sec ) (kg / sec ) ( 'g~ sec ) ( 1000 (1000 tons) 

c t s/d•y) 

10 3996. 14.559 7655.7 0.0251 .219E-05 0.0097 2.056 0.01 .278E-07 0.00007 o.ou 124 . o.o 

11 4040. 14.598 7682.2 0.0251 .222E-05 0.0099 2.026 0.01 ,280E-07 0.00007 0.011 121. o.o 

12 3691. 14.277 7466.6, 0.0250 .200E-os o.ooe7 2.294 o.oo o. o.ooooo o.ooo 114. o.o 

4091. 14.643 7712.6 0.0252 .225E-05 0.0100 1.991 0.01 • 283E-07 0.00007 0.011 127 • o.o 
-....) 

Q"\ 

2 10196. 18.325 10284.2 0.0263 ,638E-05 0.0356 0.561 0.68 .362E-05 0.00960 1.463 296. 4.0 

3 8816. 17.682 9823.6 0.0261 .540E-05 0.0291 0.687 0.52 .250E-05 0.006.~.3 1.011 273. 3.0 

4 4.SB9. 15.142 8051.4 0.0253 .263E-05 0.0121 1.649 0.04 .124E-06 0.00033 o.oso 141. 0.1 

5 5021. 15.398 8226.8 0.0254 .284E-05 0.0133 1.500 0.07 .228E-06 0.00060 0.092 156 . 0.3 

6 3402. 13.994 7277.2 0.0249. .183E-05 0.0078 2.567 0.00 o. 0.00000 o.ooo 102. o.o 

7 2995. 13.563 6990.8 0.0248 .158E-05 0.0065 3.060 0.00 o. o.ooooo o.ooo 93. o.o 

B 2247. 12.639 6.385.6 0.0245 ,114E-05 0.0044 4,544 0.00 o. o.ooooo o.ooo 70. o.o 

9 2497 . 12 .971 6.:.01.5 0.0246 • 129E-05 0,0051 3,930 0.00 o. o.ooooo o.ooo 75 • 0.0 



Table 4.25. Hood to Walnut Grove Bed Load Calculations, Kalinske's Procedure (Critical Year). 

Q p 
A sf "a ( To2~ gs Q Gs 1-hll illl ( cf s ) ( f t ) ( ft 2) n Fa ctor qs G 

( fl / ft) (k g/n.Z ) To (ti / sec ) (kg /sec ) ( kgJ scc ) ( 1000 ( 1000 t ons ) 
cf s/ d•y ) 

10 3200. 13.786 7138.2 0.0249 .170E-05 0.0072 2.793 0.00 o • 0.00000 o.ooo 99. o.o 

11 300S, 13.578 7000.4 0.0248 • 159E-OS 0.0066 3.042 0.00 o. o.ooooo o.ooo 90. o.o 

12 2714. 13.239 6777.1 0.0247 .141E-05 0.0057 3.505 0.00 o. 0.00000 o.ooo 84. o.o 

1 1706. 11.812 5854.8 0.0242 ,837E-06 0.0030 6,636 0.00 o. o.ooooo o.ooo 53. o.o -....) 

-....) 

2 l934. 12.182 6090.8 0.0243 .964E-06 o.oo~' s.sa5 o.oo o. o.ooooo o.ooo 56. 0.0 

3 2328. 12.749 6457.3 0.0245 .119E-05 0.0046 4.328 0.00 o. o.ooooo o.ooo 7'l o.o , ... 
4 337S. 13.970 7261.0 0.0249 ,181E-05 0.0077 2.592 0.00 o. 0.00000 o.ooo 101. o.o 

5 3133. 13.714 7090.7 0.0249 • 166E-05 0.0070 2.876 0,00 o. O.OOQI'.JO o.ooo 97 • o.o 

6 2896. 13.452 6'117 .2 0.0248 .152£-os o.ooa 3,2os o.oo o • o.ooooo o.ooo 87 . o.o 

7 2M7, 13.182 67'51.9 0.0247 • 139E-05 0.0056 3.590 0.00 o. 0.00000 o.ooo 83. 0.0 

s 2104. 12.437 6254.7 0.0244 .106E-05 0.0040 4.974 0.00 o. 0.00000 o.ooo e.s. o.o 

9 2705. 13.228 6770 .0 0.0247 .141E-05 0,0057 3.521 0.00 o. o.ooooo o.ooo 81. o.o 



Tab l e 4. 26. Hood t o Walnut Grove Bed Load Calculations, Kalinske's Procedure (Ave rage Year ) . 

Q p 
A sr ' o 

( 1
0

)c r . q, gs G Q Gs 
1\o!H l h ( f t l n Fa c t o r ( l f > l ( f t 2 ) ( f t / ft l (kg / m2 l 'o (nl/scc ) ( kg/ sec ) (k gTs cc ) ( IOUO ( 1000 t ons ) 

c i s/day ) 

10 4089. 14.t.41 7711.4 0.0252 .225£-05 0. 0100 1.992 0.02 .565E-07 0.00015 0.023 127 . 0. 1 

11 4223. 14.758 7790.2 0.0252 .233E-05 0.0105 1.905 0. 02 .578E-07 0,00015 0.02"3 1~•7 [.., . 0.1 

12 9778. 18.137 1C•l49.4 0. 02t.3 .608E-05 0.0336 0,595 0.63 .326E-o5 o.oo8o4 1.316 303 . 3.9 

1 17118. 20.811 12108.1 0.0271 . 116E-04 0.0737 0.271 1.30 .996E-05 0.02639 4.022 531. 11.9 -.J 
(J:J 

2 241i72 •. 22.812 13620.8 0.0278 .lBOE-04 0.1253 0.160 1.70 .170E-04 0.04499 6.858 721. 18.9 

3 20445. 21. 739 12805.0 0.027 4 .143E-04 0.0948 0.211 1.40 .122E-04 0.03222 4. 912 .:.31 . 14 .5 

4 17:530 . 19 ,2'i5 10'ia£L 1 0.0266 .812E-05 0.0478 0.418 0.90 .555E-05 0.01471 2.243 377 . 6.4 

5 15008. 20dJ~ 11 61.S.5 0,0269 •i'97E-05 0.0612 0.327 1.15 .803E-05 0.02128 3.243 4t.s. 9 .t. 

t. 9898. 18.1'12 10188.5 0.0263 .616E-05 0.0342 0.585 0.65 • 339E-05 0.00899 1.370 297 • 3.9 

7 5288 . 15 .5ii6 8362.3 0. 0255 .301E-05 0.0143 1.397 o.os· .304E-06 0,00081 0.123 1M, 0.4 

8 2439. 12 .896 6552.8 0.0246 .125E-05 0,0049 4.0b0 o.oo o. o.ooooo o.ooo lb. o.o 

9 395.:.. 14 .523 7t.31.5 0.0251 .217E-05 0.0096 2.085 0.01 • 276E-07 0.00007 0.011 119 • 0.0 



79 

deposition downstream from the canal intake (i.e., the Hood to Walnut 

Grove reach) is the difference between the values in Column 8 and 4. 

These are listed in Column 9 of Table 4 . 12. 

4.5.2 Einstein's procedure 

The particle size distribution curve (Fig. 2.5) deline­

ates three distinct grain size regions which account for approxi­

mately 99% of the sample analyzed with the remaining 1% (finer by 

weight) lying beyond the regions d greater than 1.000 mm and d less 

than 0.125 mm. The region, the mean grain size for each, and the 

percentage of the sample (fines by weight) for each is summarized 

in Table 4.27. 
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Ta ble 4 027 0 Sacramen to River Bed Material Informatio n for 

Fe brua r y 29 , 1980 0 

Grain Size 
Dis t ribu t io n , mm 

d> 1 0 000 

1 oOOO >d>Oo500 

Oo500 >d>Oo25 0 

Oo25 0>d>Oo125 

0 0 125 >d 

ct
35 

= 00 265 mm = Oo00086 9 

ct 65 = Oo325 mm = Oo0 01066 

Ave r age Grain Size 
mm f t 

Oo700 Oo00230 

Oo3 10 Oo0010 2 

Oo245 Oo00080 4 

ft} Fig . 2 . 5 
ft 

% 

1 

4 

7 1 

24 

0 

Settling 
ve l ocity 

fps 

0 025 0 

0 0 125 

0 0 100 
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In order to carry out Einstein's procedure, an average 

slope of the river is required. As pointed out, the Sacramento 

River has a negative bed slope in the vicinity of Hood . In 

Kalinske's procedure the friction slope was used to represent the 

river slope, and a relationship was determined between friction 

slope and mean daily flow (Eq. 4.14) In Einstein's procedure, 

however, discharge values are a byproduct of the calculations 

whereas values for friction slope are required prior to reaching 

that stage of the calculations. As an approximation, a single 

value determined from the friction slope for the discharge for the 

section was used to represent the general river slope for all of 

the discharges . Thus: 

Mean daily flaw Q = 75,909 cfs (Table 3.4 for February 29, 

1980) 

Cross-sectional area A 
2 = 19,606 ft (Table 3.4) 

Average depth of flow, D = 33 ft ( p. 1 43, Appendix A) 

Average bottom width, B =500ft (Fig. 3 .1 ) 

Average channel side slope, s:1 = 2:1 

Average wetted parameter, P = B+2J1+s 2 D = 647.58 ft 

Average hydraulic radius , R = A/P = 30.28 ft 

Manning's coefficient, n = 0.0164+[(Q-20,000) / 5 x 10
7

]x 

R
1

/
6 

= 0.030931 (Eq . 4 . 13) 

Friction slope, Sf = [nQ/1.486R213A)
2 

= 0.000069 ft / ft 

( Eq . 4 . 1 4) 
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The calculations of Einstein ' s procedure a re summar ized i n 

Tables 4. 28 through 4.29 a,b,c. Table 4 . 28 is a s ummary of the 

hydraulic elements. The range of v alues for Rh (Column 1) were 

chosen to cover the entire discharge range of the Sacramento River 

(i.e . , Q less than 105,000 cfs, Column 17) . The calculat i ons a re 

straightforward. Following each table is a description o f how the 

various columns were calculated. 
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Table 4.28. Sacramento River Bed Material Load Calculations 

Einstein's Procedure (Part I). 

I II II II 

p' I -
u/u Rh u* 0 k /6 X 6 u 1jJ u* 'h s 

( 1 ) ( 2) (3) ( 4) (5) ( 6) (7) (8) (9) ( 10) ( 11) 

0.75 0.04082 O,•J03S6 0.3 0.950 (),001122 0.919 '2-7 .707 s.a o.1:9e 11.489 
1.00 0.04714 0.00334 0.3 1.070 0.00099.:: 1.10'1 20.780 6.4 0.1732 13.506 
2.00 o.ot-666 •),00236 o.s 1.322 0.000806 1.718 10.:::90 8.3 0.2070 1?.294 
3.00 O.OS164 0.00193 0.6 1.450 o.ooo73S 2,20.S 6.927 10.0 0.2206 21. '?07 
4.00 0.09427 (),00167 0.6 1.520 0.000701 2 .t . .26 :.195 11.5 0.2284 23.~74 

:.oo 0.10540 0.00149 0.7 1.560 •),000683 3.002 4.156 12.8 0.2345 24.7~ 

.~ .• 00 o.us.;6 0.0013-S o.e 1.590 0.000670 3.346 3.463 14.1 0.2373 ~.3:.2 

7.00 0.12471 0.00126 o.a 1.605 0.000664 3.6.:-5 2,7'69 15.5 0.2355 25.171 
a.oo 0.1333.2 0.00118 0.9 1.610 0.000662 3.964 2.598 16.7 0 • .2374 25.360 
9.00 0.14141 0.00111 1.0 1.615 0.000660 4.247 .2.309 18.0 0.2360 25.059 

!0.00 0.14906 0.00106 1.0 1.615 0.000660 4.516 .2.078 19.5 0.2316 24.142 

Rh u* 0 A p Q X y t\ (s/sx)2 PE 
( 12) ( 13) ( 14) ( 15) ( 16) ( 17) ( 18) ( 19') (20) ( 21 ) (22) 
12.239 0.1649 12.985 68.29.8 558.04 6.274.3 0.00536 0.23 1.705 0.3b17 12.773 
14.506 0.1795 1s.s5: 8.261.6 569.53 91:9 • .2 0.00465 0:).25 1.694 0.3M4 13.073 
21.294 0.2175 23.558 12889 • .2 605.31 2.2149.5 0.003.28 0.38 1 •. ,35 0.3931 13.700 
24. $'•j7 0.2252 28.005 1::71.2 625.1S 34~2.7 0.00.2.:.8 0.5') 1.5S7 0.4172 13.965 
27.474 0.2471 31.243 17573.9 639,66 46154.2 0.00.232 0.59 1.545 0.4402 14.122 
29.7:5 0.2571 34.174 19422.4 652.n 58303.3 0.00208 0.¢t. 1.508 0.4622 14 .237 
31.352 0.2639 36.2:i 20757.4 662.07 69463.1 0.00190 ·:l.73 1.477 0.4820 14.316 
32.171 0.2674 37.333 21453.9 666.88 78638.9 0.00176 0.78 1.447 0.5017 14.254 
33.3.SQ 0.2i22 38.908 22481.7 673.92 89118.-S 0.00164 0.80 1.420 0.5215 14 .399 
34.059 0.2751 39.840 23094.7 678.09 98087.8 0.00155 0.82 1.396 0.5397 14 .426 
34.142 0.2}54 39.951 23167.9 678.58 104630.0 0.00147 0.84 1.373 0.5579 14.428 
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Glossary for Table 4.28 

( 1) Rh, ft (hydraulic radius with respect to the grains ); various 

va l ues are assumed to cover the entire discharge range desired 

(Q = 105,000 cfs) max 

( 2) u~ = J32.2 R~ Sf' fps ( shear velocity with respect to grain) 

' ( 3) 611.65v/u,., , ft (thickness of laminar layer); v =kinematic vis-

cosity= 1.358 x 10-5 ft 2 /sec forT= 11.5°C 

( 4) ks = d65 (roughness diameter) 

( 5) x (correct ion in the logarithmic velocity formula, distinguishing 

the smooth transition and rough regimes; x = fct (k /6): Refer to 
s 

Graf (1971 )or Einstein (1950). 

( 6) ~. ft (apparent roughness diameter); ~ = k /x 
s 

' ( 7) u, fps (average velocity); ~ = u* (5.75) log (12.27 R'h/~) 

( 8) lj!' (intensity of shear on representa tive particle); 

' 
~· = ((ps - p )d35)/ (( p (RhS) ) 

p = 1.939 slug / ft 3 

s - sf 

ps = 2.65 p 

( 9 ) ~/u~.~ = fct ' 
(~ ) : Refer to Ei nstein (1950) 

( 10) u~ fps (shear vel oci ty due to channel irregularities ) 

( 11) R" h' ft (hydraulic radius with respect to channe l irregularities ) ; 

fro m u~.; = ~gRhS; g = 32.2 fps 

( 12) Rh , ft (hydraulic radius ) Rh = R~ + Rh, wi th no additional friction 

fro m the banks, vegetatio n etc.; Rh represents t he tota l hydrauli c 

radi us 

(13) u ·.': , fps ( shear velocitv.) ; fro m u __ .,. .lgR S = v h 
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Glossary for Table 4.28 (Continued) 

(14) D, ft (depth or stage); calculated from Rh = A/P = D(B+sD)/ 

B+2J1 + s
2

D; B = bottom width; s = side slope 

(15) A, ft
2 

(cross-sectional area); from A= D(B+sD) 

(16) ·P, ft (wetted parameter); from P = B+2J1+s
2

D 

(17) Q, cfs (flow discharge); Q = llA 

(18) X, ft (characteristic distance); X = 0. 77 ~ for ~/6 > 1.80 and 

X= 1.396 for ~/6 < 1.80 

(19) Y (pressure correction term); 

(1950) 

Y = fct ( k / o) : Refer to Einstein 
s 

(20) ~ (logarithm function); ~ = log (10.6 X/ ll) 
X X 

(21) (~/~ )
2

; with ~ = log 10.6 
X 

(22) PE (Einstein's transport parameter); PE = (1/0.434) log (30.2D/~) 



Table 4.29a. Sacramento River Bed Material Load Calculations, Einstein's Procedure (Part II) 

d = 0.000804 ft. 

d ib R' 
h 

ljl d/X ~ ljl* ¢* is9s i G s s 
L:' G 1 s s 

( 1 ) ( 2) ( 3) (4) ( 5) (6) (7) (8) (9) ( 1 0) ( 11) 

0.000804 0.24 0.75 25.635 0.150 65.0 138 .62 0.00 0.00000 0.000 0.0 
0. 000804 0.24 1. 00 19.226 0.173 47.0 82 . 77 0.00 0. 00000 0.000 0.0 
0.000804 0.24 2.00 9.613 0.245 21.5 30.87 0.00 0.00000 0.000 0.0 
0.000804 0.24 3.00 6.409 0.300 13.5 18.05 0. 01 0 . 00004 0.025 0.0 
0.000804 0.24 4.00 4.807 0.347 9.7 12.11 0.05 0.00030 0. 194 0.2 
0.000804 0.24 5.00 3.845 0.387 7.4 8 .68 0.14 0.00092 0.603 0.6 
0.000804 0.24 6.00 3.204 0.423 6.0 6.76 0.32 0. 00211 1. 398 1.4 
0.000804 0.24 7.00 2.747 0.457 4.5 4 .84 0.68 0.00449 2. 992 3.0 
0.000804 0.24 8.00 2.403 0.490 3.9 3.91 1.10 0. 00726 4.892 4 .9 
0.000804 0.24 9.00 2.136 0.519 3.5 3. 31 1. 50 0.00990 6. 712 6.7 
0.000804 0.24 10.00 1. 923 0.547 2.9 2.61 2.10 0.01386 9.403 9.4 

co 
0'\ 

AE z Il I2 PEI1+!2+1 \t9st istGst L: istGst 
( 12) ( 1 3) ( 14) ( 1 5) ( 16) ( 17) ( 18) ( 19) 

0.000131 38 6.124 0.0421 -0.3684 1 . 1158 0.00000 0.000 0.0 
0.00011085 5.303 0.0502 -0.4454 1. 2324 0.00000 0.000 0.0 
0.00007551 3.750 0.0785 -0 . 7167 1. 7983 0.00000 0.000 0.0 
0.00006456 3.062 0. 104 7 -0.9596 2. 3346 0.00009 0.058 0.1 
0.00005853 2.652 0. 1307 -1.1949 2. 8737 0. 00087 0. 558 0.6 
0.00005404 2. 372 0.1574 -1 . 4319 3.4644 0.00320 2.089 2. l 
0.00005129 2. 165 0.1853 -1 .6715 4.0256 0.00850 5.628 5 .6 
0.00004998 2.005 0.2148 -1.9145 4. 4926 0. 02016 13 . 443 13.4 
0.00004920 1. 875 0.2464 -2.1700 5. 0794 0.03687 24.846 24.9 
0. 00004721 1. 768 0.2805 -2.4337 5.5960 0.05539 37.558 37.6 
0.00004710 1 .677 0.3175 - 2.7044 5.9600 0.08259 56.042 56 .0 



Table 4.29b. Sacramento River Bed Material Load Calculations, Einstein•s Procedure (Part II) 
d = 0. 001 02 ft. 

d ib R• 
h 

\j' d/X ~ \j'* ¢ * isgs . G 1s s L:i G s s 
( 1 ) ( 2) ( 3) (4) ( 5) (6) (7) (8) (9) ( 1 0) ( 11 ) 

0.001 020 0. 71 0.75 32.522 0.190 38 . 5 104. 16 0.00 0.00000 0.000 0.0 
0.001020 0. 71 1.00 24.391 0.219 28.0 62.56 0.00 0.00000 0.000 0.0 
0.001020 0. 71 2.00 12. 196 0. 311 12 . 5 22.77 0. 00 0.00003 0.017 0.0 
0.001020 0. 71 3.00 8.130 0. 381 7.7 13 .06 0.03 0.00092 0.575 0.6 
0.001020 0. 71 4.00 6.098 0.440 5.2 8.24 0. 17 0.00474 3.033 3.2 
0.001020 0. 71 5.00 4.878 0.490 4.0 5.95 0.42 0.01172 7.647 8.3 
0.001020 0. 71 6.00 4.065 0.537 3.1 4.43 0.85 0.02371 15.698 17. 1 
0.001020 0. 71 7.00 3.484 0.580 2.5 3. 48 1. 35 0.03766 25.112 28.1 
0.001020 0. 71 8.00 3.049 0.622 2.2 2.80 l. 90 0.05300 35.717 40.6 
0.001020 0. 71 9.00 2.710 0.658 1.8 2.22 2. 90 0. 08089 54.852 61.6 
0.001020 0. 71 10.00 2.439 0.694 1.7 l. 94 3. 40 0.09484 64.356 73.8 

00 
'-I 

AE z I1 I2 PEI 1+I 2+1 ist9st istGst ListGst 
( 12) ( 1 3) ( 14) ( 15) ( 16) ( 17) ( 18) ( 19) 

0.00016668 7.656 0.0324 -0.2774 1 . 0954 0.00000 0.000 0.0 
0.00014063 6.629 0.0384 -0.3334 1 . 184 7 0.00000 0.000 0.0 
0.00009580 4.688 0.0586 -0.5260 1. 6039 0. 00004 0.027 0.0 
0. 00008190 3.828 0 . 076~ -0.6917 1.9814 0.00182 1.140 1. 2 
0. 00007425 3.315 0.0933 -0.8467 2. 3432 0.01111 7. 107 7.7 
0.00006856 2. 965 0. 1099 -0.9978 2. 7229 0.03190 20.823 22.9 
0. 00006507 2.707 0. 1265 -1.1457 3.0623 0.07261 48.070 53.7 
0.00006 341 2.506 0. 1434 -1.2909 3. 3186 0.12497 83 . 338 96.7 
0. 00006115 2. 344 0.1607 -1.4393 3.6349 0.19264 129.825 154 . 7 
0.00005990 2.210 0.1784 -1.5877 3.8837 0. 31416 213 .029 250.6 
0.00005975 2.096 0. 1969 -1 . 7355 4.0169 0. 38096 258.513 314.5 



Table 4.29c. Sacramento River Bed Material Load Calculations, Einstein•s Procedure (Part II) 
d = 0.0023 ft. 

d ib R• 
h 

ljl d/X ~ ljl* ¢* isgs i G L: i G s s s s 
( l ) (2) ( 3) (4) (5) (6) (7) (8) (9) ( l 0) ( 11) 

0.002300 0.04 0.75 73.333 0.429 5.7 34.77 0.00 0.00000 0.000 0.0 
0.002300 0.04 l. 00 55.000 0.495 3. 7 18.64 0.01 0.00003 0.018 0.0 
0.002300 0.04 2.00 27.500 0. 701 1. 6 6.57 0.33 0.00176 1 . 063 l.l 
0.002300 0.04 3.00 18.333 0.858 1.3 4.97 0.65 0.00346 2.162 2.8 
0.002300 0.04 4.00 13. 750 0. 991 1.1 3.93 l. 00 0.00532 3.404 6.6 
0.002300 0.04 5.00 11.000 1. 106 1.1 ~.69 1.20 0.00639 4.168 12.5 
0.002300 0.04 6.00 9. 167 1. 211 1.0 3.23 l .40 0.00745 4.932 23.0 
0.002300 0.04 7.00 7.857 l. 307 1.0 3.07 l. 70 0.00905 6.033 34.1 
0.002300 0.04 8.00 6.875 1.402 1.0 2.87 1.80 0.00958 6.455 4 7.1 
0.002300 0.04 9.00 6. 111 1.484 1.0 2.70 2.10 0.01117 7. 577 69.2 
0.002300 0.04 10.00 5.500 1. 565 0.0 0.00 2. 30 0.01224 8.305 82.1 

co 
o:; 

AE z I1 I2 PEI 1+I 2+1 1st9st 1stGst L: istGst 
( l 2) ( 13) ( 14) ( l 5) ( 16) ( 17) ( 18) ( 19) 

0.00037585 l 5. 311 0.0151 -0.1179 l . 0554 0.00000 0.000 0.0 
0.00031711 13 . 258 0.0176 -0 .1405 0.0974 0.00004 0.020 0.0 
0.00021602 9.376 0. 0258 -0.2145 1.2829 0. 00225 l . 364 1. 4 
0.00018469 7.656 0.0324 -0.2741 1.4367 0.00497 3.107 4.3 
0.00016743 6.630 0.0384 -0. 3267 1.5737 0.00837 5. 356 13 . 1 
0.00015460 5.930 0.0438 -0.3755 1.7089 0. 01091 7.123 30.0 
0. 00014672 5.413 0.0489 -0.4208 1.8197 0.01356 8 . 975 62 . 7 
0.00014 299 5.012 0.0538 -0 . 4631 l . 8918 0.01711 11.413 108.1 
0.00013789 4.688 0.0586 -0.5046 1.9803 0. 01897 12. 783 167.5 
0.00013506 4. 420 0.0631 -0 . 5442 2.0382 0.02278 15 .444 266.0 
0.00013473 4. 193 0.0676 -0.5816 2.0512 0.02510 17 .035 331 . 5 
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Glossary for Tables 4.29a through 4.29c 

( 1) d, ft (grain size); the representative ones are taken from 

Table 4.27 

( 2) ib ( fraction of bed material); taken from Table 4 .27 

( 3) Rh, ft (hydraulic radius with r espect to grains); taken from 

Table 4.28 

' 
( 4) ~(intensity of shear on particle: ~ = d(ps- p)/(p (RhS) ) : 

3 
p = 1.9 39 slug/ft ; S = Sf; ps = 2 . 65 p 

( 5) d/X; for values of X see Table 4.28 

( 6) ~ (hiding factor); ~ = fct (d/X): Refer to Einstein (1950) 

( 7) ~ .. ,- (intensity of shear on individual grain size);~~= ~Y(~/~ ) 2~; 
" X 

values are given in Table 4.28 

( 8) <P.,.: (intensity of transport for individual grain size); <P.,.: = fct 

(~.,.): Refer to Einstein (1950) 

( 9) isgs, lb/(sec)(ft) (bed load rate i n weight per unit width and time 

for a size fraction); isgs = ib ~* ps g
3

/
2 

d
312 

Jps / p- 1 

(10) i G , 
s s 

lb/sec (bed load rate in weight per un;i.t time for a size 

fraction fo r entire cross sections ); i G = ( i g )P, P given in s s s s 

Table 4.28. 

(11) .Li G , l b/sec (bed load rate in weight per unit time fo r all size 
s s 

f ractions for entire cross section) 

(12) AE = 2d / Rh (ratio of bed layer to hydraulic radi us ) 

(13) z ( exp onent fo r suspension dis tr ibut ion ) ; z = v / 0.4 
ss 

u . 
-,'~ ' v 

s s 

= se tt ling velocity (Table 4 . 27) from Ei nstein; u* f rom Table 4 . 28 
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Glossary for Tables 4 . 29a through 4.29c (Continued) 

(14) I
1

, (integral) = 0.216 A
2

-
1
/(l-A)z f~ (1-y/y)z dy; Can be deter-

mined; I
1 

= f(~, z). For this report evaluated numerically using 

SQUANK (Simpson's Quadrature Used Adaptively-Noise Killed) 

(1-y/y)z Log (y) dy. Can be determined 
e 

(refer to Einstein); I
2 

= f(~, z). For this report evaluated 

numerically using SQUANK (Simpson's Quadrature Used Adaptively 

Noise Killed) 

(17) i g lb/(sec)(ft) (bed material load in weight per unit width st st ' 

and time for a size fraction) ·, i g - i g (PI +I + 1) 
st st - s s E 1 2 

(1 8) i
5
tGst' lb/sec (bed material rate on weight per unit time for a 

size fraction for entire cross section); istGst = (istgst)P 

(19) Ii tG , lb/sec (bed material rate in weight per unit time for all 
s st 

size fractions for entire cross section). 
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Thus, Column 11 of Tables 4.29 represents the bed load while 

Column 19 represents the bed material load for the various dis­

charge values as represented indirectly by the Rh of Column 3. It 

should be noted that Columns 11 and 22 represent accumulated 

values. The results (after appropriate conversion of units) were 

plotted and are shown in Fig. 4.4. These results do not agree very 

well with those obtained from Kalinske ' s procedure, which was 

adopted here as the more accurate of the two. This is discussed 

further in the next section. 

5. DISCUSSION OF RESULTS 

In calculating th~ discharge and sediment load values for the 

Sacramento River near Hood using the USGS measurements at Hood data, it 

was necessary to rely on river stage records at Hood and Snodgrass 

Slough. Due to tidal effects, the river stage varies appreciably during 

the several hour data collection period. Consequently, some inaccura-

cies may have been introduced into the calculations which could have 

been minimized if the river stage had been measured' on site during the 

data collection period. It was also necessary to rely on river section 

profiles which were surveyed several years ago and which may now be 

different due to sediment deposition and scour. Nevertheless, the 

r esults of the Hood data a nalys i s were considered to be good as exempli­

fied by the high correlation of the data within itse lf and with his­

torical measurements . 

Kalinske's procedure for calcul ating the Sacramento River bed load 

c apacitie s a nd downstream deposi tion appears to be more accurate than 

EinsLein's procedure. The main problem e nc ountered in the application 
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of both techniques is the selection of a n appropriate slope value. The 

river bed slope in the vicinity of Hood is nega t ive. In Kalinske' s 

procedure, a n approximate rel a tionship between discharge a nd friction 

slope h'a s used in place of the bed slope. However, this could not be 

do ne i n the a pplication of Einstein's method because the bed slope (o r 

friction slope) is used in the calculations independent of the dis-

charge. The use of a constant friction slope did not a ppear to improve 

the results. 

The Einstein procedure is based on the determination of bed lo ad 

movement through the use of a "bed-load function." The total load i s 

computed from the bed load . In the portion of the Sacramento River 

studied here , bed load ia a minor part of the total load. Errors in the 

estimation of the bed load can greatly affect the calculated amounts of 

total load. The sediment load values calculated by Einstein ' s procedure 

are much smaller than the observed values. The Kalinske method gave 

results tha t were in closer agreement with the measured val ues, and this 

latter method was the bas i s for the sediment loads presented in the 

re sults of this study. 

The average a nnual flow of the Sacramento River is i n the range 

4 ,250,000 to 11 ,400,000 cfs-day (equiva lent to mean daily flows of 

11, 6 00 to 3 1,200 cf s ), and sediment loads are 5 03,000 to 3,520,000 tons 

(equivalen t to me a n daily values of 1 '370 to 9,600 tons /day) 

( Ta ble 4.12). Operating the Peripheral Canal i n the average a nnual flow 

range of 3 ,300,000 to 4,000 ,000 cfs - day (equivalent to mean da ily flows 

o f 9 , 000 t o 11,000 cfs) \vould result in a predicted a nnual s uspended 

sed iment load divers ion of 400,000 to 900,000 tons ( equivalent to mean 

da il y sedimen t load s o f 1 ,0 00 to 2,500 to n s / day) . The e xpected a nnual 
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downstream deposition is about 70,000 to 120,000 tons (equivalent to 

mean daily bed load deposition of 180 to 32 0 tons/day) . 

The data base used for the work described here is judged to be a 

sufficient basis for the calculations made to estimate the potential 

amount of sediment to be diverted into the Peripheral Canal. HmoJev e r, 

the present monitoring programming by the U.S. Geological Survey should 

be continued to extend the present data base. Continuing this data 

acquisition program will permit future changes in sediment transport 

conditions to be revealed. 

6. Sut'll1ARY 

The studies discussed in this report have led to the following: 

l. A data base for the Sacramento River for mean daily flow and mean 

daily suspended sediment load for the water years 1956-57 through 

1979-80, inclusive, along with a review of the techniques used to 

measure both. 

2. An analysis of data collected by the USGS for the Sacramento River 

near Hood (location of the inlet to the proposed Peripheral Canal) 

for ca lculating flow and sediment load values a nd correlating them 

wi th historically measurea values. 

3. A derivation of sediment load-discharge relationships for the 

Sacramento River nead Hood to permit the prediction of the amount 

of suspended sediment that loJould be diverted into the Peripheral 

Ca nal for a wide range of Sac ramento River flows a nd co rresponding 

Peripheral Canal diversion. 

4. A calculation of t he Sacramento River bed load capacities a nd the 

a mounts o f potential bed load depositio n downstream f rom the 

Pe riphera l Canal in t ake . 
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5. The present sediment moni toring program by the U. S . Geological 

Survey should be continued. 
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5 

· ; ~ ::- . 
___ _l4u_ ____ _,·2a_ : ..2L._,_ ____ · _L.30· _____ ~.:J..-....:..... ____ _J. J 

Deot:h In t:egrat:e~d--------~-----------=2~6 _______ __ 
~e /~ = 

--·-- _ l - --~ __ 14 20 ____ 25~L._'t28_ -·-- 2 .0 - ______ 2 .30 ______ 1"'--------- 10 
2 I / /-

- ---3 j 328 _ _ ....2._.4 _______ ?._,:?0 30 7 . 
/-<t' ~-

_
41 /"'8o· 1? 7 O . .u_ _____ _,{; ~4 

326 - 19.1 1 . 67 4 2 14 - --- - ---------

- -- 5 J 1500 335 23 .9 1.59 48 21 

----1- . ~e_pt:h _ _I~ t eg:::_at..:_d_ 28 

I 
I ..... I ... 



.. ' · . : ... 

' ',. I ,- , _ 

-- -- ... - · . 

109 

- ~ .. - . .. -
) .- . . - - • . I .; -- .. -· --· · 

._ _ , I' : ;', - , , .. V II 

__ __ ~:~~_/ L!7~_ )'-___ :r. ) . _:._ 

1:? 50 26 . ' .··.:-_- ""3 3S . ? ~ 1 3 
- - - --- - ---- - -

- . K(f.~PUSL{SHEli _RmJRlis__ .. ----.. 3~2 __ _ 13 . 2 ____ _ .. 7? 
SU6JE.CT 1:;.1 REVl-S~ 

------~-34 5 ___ l9 . s ___ ___j . 01 

----- ~'~3~o~s---~~-:~3~s~G'-· --==- 5~-~o~----- ··~3~2 __ _ 

24 __ 
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Oeoth i n: eara teG -; .-. -,- ~77?-__________ ___::c==..::":--:.:.;,;-;~c.:;.=..::'--;--- ----= '.:... . . 

I ~ 1315 25. 4 /_7~ 319 2.0 1.18 

2 . .../;; 323 6 . 4 1 . 07 ·- ------ -------~..::..::.-=---.....::.::_:_ ____ __:_:...::.;_ ___ _ 
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_,- -r=. ~2~ - _1~ ·2_ ---- .97 15 
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5 i --- , 
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I 
W~TER RESOURCES DlVJS! O ~ 

~ACRAMENTO RIVER near HOOD, CA . , at CROSS SECTIOi\ fr 

1D.;TA GATHE:R::D AT : 

_,_ 
T I~lE_.!...;, "~':.....:"~' ...;~ .!...;, .::..' ------

I 
j 

' ' ' 
I 

-i iSEC'ii O:; TOTAL SA~lPLJNG co:;c::N 
--- --;sr,;nor;- - - -uEPTH - Ei'Th ----vELO::ITY -- - - ---"TR,t,7!0 Pi - ·----

__j(FEET) { ~Eill AZ WT.; {FEET) ( FED/ SEC ) ~1,\J / UTRE ) ~>- 0 6 2 , ... 
---- /.~~L-_----~ ~ 

1 :_ 7--_ 27 . ~ . ~ ~ 5 -- _2_._Q ____ ____ _l_ :_~_9 ____ _ __:2:...:9 ___ _ 

: . t5 -------~s~s ____________ _ _ 

1.35 -- - . _ _ ___ _Jl__ --- - --- 8 

-~ . 03 . ----- 9~ - ·------- 16 

Da ~r'c In ra b-rar.e."'-' ------- ______ _L5 6"----------.l ~ 

____ 1_...i ~...:.2_2_c. _____ .=.25"".,_;6!_\'-• .d.3,._1 7!.___--=..2 .,;o'---- ____ 1.__9 L _ 28 

- - ~_]_ . 

5 . 

- -- --- 7 317 -6 . 4 

• 31i 12.8 

J7 . 1 0 2 

/ 

' 3-'31:- 2t. '1 

1.84 

1. 70 

36 4 

41 3 

63 - -- 5 

Qeoth In tee:-a~------ ________ :.p ____ __ _ _ _£ 

., , ___o; 

5 . 9 1.92 33 3 
i 
I zl 

-----; 

3 Q 

1 1 

10 ... -·l 
• 

5 

7 0 

2 i 1' ~~8 I 6 . 4 
I 

I 

l.58 

7 , 5 

I I 
".0..5...__.! 

60 

4 1 "-----
? 7 ' c, ·- · 

11 ' 
I --

3 I lr' . -318 I 12. a I I 1.96 ! I 3 7 I I 
I 2 I 

I ~~~,:, R I 1 q 7 I 
I li :3{ 7 ! 24 0 I 

4 

5 . I 
I I . ' , <;(, 

I I 
1 35 I 

! 40 i I h ' ! i I i I 49 I 5 

I eptb rl te.gratek I 
] I ·" .- I 

2 0 I ?':1~ 1- l2~ ' 
~33 
-<, ' 

i I 
I I 

I 7 29 I 

I I i I 1R ~ 

I I I 
?F. 

j 
I <; ' 

i ! .. I ' I ' J .z s 5 9 
i T.J - ! ll A 

I 
I 

I I : 122 I 
' 

; 2 . 10 

I ? ...Jl5 ! 
I ! 

I 

31 6 
I ! I 
I 

lA ! I 5. 
I I I i I -

: 17 I . 322 7 ' 
4 i 

! ----- -------'-----' 

I I 

1 B_Q I 
I I 
I 3" I : 4 ' 
~--------- ___, 

i ' ~ I 
320 : 22.0 : ' 1. 58 36 5 - -- .. -- -

5 
. --- .. - --------------"'=-=------------ -

1 ' 
------·~De_p_th lnggra ted i 32 6 ------- ---- - - · 
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U~ITED SThiES GEOLOGIC~L SU~ V EY 
~ATER RESOURCES DIVJSJO~ 

· :s-rmrm 1 u:.r-lri----u::r:-Tr: --- --.;::i.._D:iT·:·- --~ r:.:.Trc:;-- - -

___ J(E..;:..;ET'..J..) ____ ,_J(...:_;FEE_T) : (FEET) (F~ETPE.f ) __ _:.~"'~:G~/LITREL) __ .::.~)'_:_O:SZ :~ :-: 

1 ~ -~ 128 :!7 . .:. l.C :.9: 
---~~---------------------

___ 3_l ______ ~ 

___ ;-,:-- -.. -U-N-P-UB_U_SH_ED __ RECO--R-0-S ___ _:1:-~:--=-~----- -- -~ :~~ - -- ~~ : 
- suw~~~-------------

_· -~j __ : 20.5 1.41 53 t. 

s I . 26.4 l .ll 70 10 ----- -------------------

1 I ~-~7 
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~~
7
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2
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1"1; z.oo / 

,o 30 
U~ITED STATES GEO LOG ICAL SURVEY 

~ATER RESOU2CES DIV ISI ON 

· ~ ~- , rACRA.'lENTO RIVER near HOOD, CA . , at CROSS 
:DATA GATHERED AT: DATE ~ov. 22. 1978 
I 

SECTIOr; # _1__ 

TIME 1350 - 1600 

:SECTIO~; TOTAL s,;:-:?u:;G co:;cE:I 

I 0. ,s-~ 

---- - :sTATIQi;-----r-.;:;::n; -------nE?TH \'ELOCITY -- ---~~,;Trc : ; ------ -
I (E_EET~l ____ ..~.._(,_,FE=-"E~T) ____ . (FE ET ) __ _,("'"FEET/ _S_E.£) :1G/LITRE) ::; >. ooz_ G·: - - 1--i, il:? 30.0 l.O 1.4 7 2 
I 

2 ! 1 ' ' l 

1.23 22 3 ,. . L5 .0 8 
---4-----~~!NPUausHE~E~D._--~~~--------~~--------~~----------~~--

.99 16 4 I SUBJECT TO R£'/lSION" ; 22.5 9 

-=--1 -
!:> I . 29 . 0 . 80 34 

I -
23 . 6 1.0 I 1.73 14 r l ~ --zl-

_-----------------------~5~.9~--------~l~- ~65~~------~23 '3l 
4 i 
s I I - ---------

11.8 1 . 50 24 

1i .i 1 .5 5 27 

--------=2-=-2 .:...:· 6, _______ -- - c 0:._6 --- • - __ 3 2 ------

3 

3 

3 

6 

5 

_) 

- -- L-::zq - -----------------:---
- ___ ~ J _ _ :n_· _ _ -----,---'2=-=l~. =-6 ________ ,_,1::..:-.:::.o ________ _;_~1,__,.""s,__o _.;..! ---,-------'----',__,_~----- __ 2 _ 

: 5.4 . I 1.54 6 

------'------'10 .8 _ _ --- --- _],_,_~':.___ -- - _5 

16.2 l. . 33 

:20.6 .46 

I ' 
----- ----~----~-----'------~----~-----.----------~----~----~------

1 5 4 

.I 
' 18 . 3 : 1.0 1". 65 -------:----3 

i 4 . 7 1.50 

1 9.4 1.65 4 

I 
14 .1 1. -H 3 

I 

--~-- ~vry~~- =:-' ------~--~--~; ----, --------. --~--~--~--
~-~- J ____ =-::16:..:... 6::._-'----- 1_._o __ , ____ · _1_.6_1_ 1 ___ !_18 !____A._:.__ 

~- +I -~~ ---· I ; :: ----~~~- -:-: ::,___,· ______ ;___..:.::"----'-------'---- : __ - - -

41 12.4 ' t.:l ' ~ 5 
-- i ------- ------------ - -------- - - ------

5/ !15. 6 . 52 23 - - - -- - ' 

-I 
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____ 3__,_: --:-"~Uf-:N'='P""U:::'B:'::! l.:>.ISHED-RECO~O;r-· ---·---=S...:.·.::.2_ -------- ;, . 05 
4 !I 

1 SUBJECT TO REYI510N" 

, :' ,1 , ._""'!' 

----i-------------.......:-1.L.c3,!_.,_;8L..,: ____ __:,2~.6_Q _ ____ _ 1_8-:..:3~-- ---1-9_._7 _ _ 

5 17 . 4 2.24 200 26 .3 

----~,~~Q1-------.----------~--~-----~---~---~------------- -- ·j 
2 

I 

I l.O 158 15.9 i 
' 

3.19 i 21. 4 

5. 4 i I 

3. 19 I 21. 8 175 

4 i 10 7 2 OP, i 187 18.6 ' 
I i 

5 1 15 .0 2 . ~3 · ;:c :: :a .,. 
~"'--_-_-_-_-_ _:,...:.1~~~::~~~~~~~~~~~~~~~~~~~~~~~~2~0~.-a::... ~~~~~~~~~~~1~. -6~o.:.._,_-._-_-_-_-_-_-_-_-_-""2-2'=-'--2"-___ :...... __ -_-_-_-_-_-_-...:3:2. a 

I ~ I " 

2 23.2 I l.O 3. 19 1S8 17.5 
------~-----~--~----~----~~----------~--------~------- -----
_____ 3_ 1 ______________ ~-~5~.~8 . _ _ ___ ~3~.~1~9---~-~1 ~7~5~-----~22 . 7 

34.2 a 1 11.5 2. 35 1 79 
------·~-----------------~---------------5, 

.17. 4 2. 24 205 26 .5 

I 33& 
22. 2 l. 91 218 3L 2 

I ~ ----~-~------------~----~------~--~--~--~-----
23 J ________ z_5_._o~--~--1_._o~---·--3_. _42~· ___ :......__1_zo _______ 33 . 7 

~ 6 . 2 3 .35 19 7 26_3 
-----4+, --------------------~--~-------------------

t.!3 

12. 5 2 .98 220 31.3 

~ s_ « 

24.0 

? ' 0 _____ :55 

l. 57 ?.79 

. __ __:.!5. L _ 

2/ ::o .o . 1. 0 3 . 35 159 zo.o 
---.-------~----------~~-------~~-----~--------------- ---

3 7. 5 3. ::s 186 27.0 
------------------------ - -- ----·----------------I 

' ' 

~ ~---------------------~~ :~ -------!.:..:.:...:9~
9

----- .::z ;; 3'J.3 

~ ~. ') L-.. - ---- - - --
------, -- - -------------- --------- -- --------- ·--- -

1 ..,C I"' 75 . 2 

I 
! 
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l ) ~ g' 00 ur;JT::O STATES G:O:OLO :i i C.~L SUr:YEY 
f8 !-;AER RESOUr\ CES 0 11ii SI Otl 

ACM.'1E11?a r\IVER near HOOD, CA . , at CROSS SECTIO:l # ., 

:OATA GATHERED AT: DATE "'0" 11 1o-,o TI~1E___:.,~n~n.;.'=- .J..1 -~,~-~------
J 

// 0 

!S ECTIO:; TOTAL SA~~PL!t; ::; 
---~ - --v ::!..OC:LTY ---- -Tr:.:..T!Q :~ 

- ---f-L!.---'=-'---:'-:-----.l..!...!::.!:...!...i_ ___ ->...:...-=--=-.o..J._ __ --'--'-FEET I SEC) rt.G/ LITRE,__) __ ___::::;:___J)-. 052_!_::~_ 

1 0 

2/ 7 .0 19 

:

3 .-_ _ _,"U---.. NPUBUSHED RECOI1Ca 
I SuaJECT'TO"'"Ete:w.31Crf' 

21.0 1.16 26 --------------------'---- - ---- --'----

-----------------~:~7 ~.0~--------~~l~- ~1~6 __________ ~2~7 ________ _ _ 23 _ _ 

14 .0 . l . 2 3 ___ _..;.7""'---- ______ -'-J7 ..___ 

25 

I 
' 

lL__~ -- 13 _ ~ --- -

17 6 

I 
_,_._' I 

_ _ _ _ 1 __ '?----:-. _________ 2_2 _. 6 __________ --=1_. o.:...._ ________ '..:1;_._6-"-s __________ ----'1::..:5'-----'------- _1!3_ 

2 - 5 .6 ! 1.3 

3 -

------------------~~----~~--------

11.3 ·1 . 41 -----
4 I 16.9 1.47 17 16 - - - -- - -

____ -------·-------:--------" ' 6, _____ LlL _ _:_ - - ~9 . -1 2- -

I 

14 -~7 _ _ _ 

~ -----~------~---- ------ -
19. 2 i 1.0 ! 1.3.4 =~ ----- : 

I 16 '-u 

I 
~] 

. ., 
-i I 

4:3 ! 1.55 

9 .s l. 68 

2 
-- -- ----'--------~--~--~--~--~--~---

- - -- -- -- ----
14 .4 1. 68 I ~3 20 

18 .2 .95 37 62 

I i ! ' ' ' I ll I :o I 1 ~ 
-

I 
I 13 2 

I 

: I 18 

3 I 1 7 I i 1 0 : 

i 
I 17 4 11.4 7 I I 

I 16 I 

21 

' 

-I 
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~AC~~ENTO RIV ER 
I 
~ATA GATHERED AT: 
I 
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U~ITED STATES GEOL03lChL SU~V E Y 
WA TE R RESO URCES DIVISIO N 

nea r HOOD, CA., at CROSS SECTIO~ # 

DATE Feb . 1 ~ l9 79 

§ECii 0:1 TOTAL S/)·:?LI ~;G 

90 

~ ..,, :; 

CO~:CEN 
---,~-,..; nm; -----n~Ti-i -------,uEFTii .. "VELOCITY ---If\..; Ti o:;-- .. - ---

~(F~E~E~T~)~------· ~(F~E~E~TL) ____ : ~(~F=EE~T~) _____ ~(.cEET/S EC) ___ M~G/ L ITRE~)----~· ~~~~-5_2 _~·_.~:- ,I 

===~~~--~~+~~~~r~? __________ ~3~'~-~o __________ 1~.o~---------~z~.7~4~-- ·-------~l~'~l ____________ ~~~· ----
' 21 9.2 3.3 4 211 

3 I a'UNPUBUSHEO REC:OM3 '18 . 5 3 . 21 

----4-~l. ---~-S-OSJ(""CT TO REY~IO~;; ~---=. 7:..::.....:.~------=-l....:...=.;ZS..:.... .. 

..:l '36 . 0 ' 1.80 

2l9 28 
-~-------------

2J1L ______ .. ~J ___ -

23 7 37 ---, 
~ l -~l--~-=7. ~7~. -------..,-8-.-4--------~-1-.0-~~~~-. -4-.-0-7--,----~-----------

- ~3 - -

_::.._-_-_-_-_-_-_-_-_-___ .=c_~_=-=_.:... ______________ ...:.. __ ...:L.:..:...i~--_-_-_-_-_-_-_-_-_,-~~...:...;:.::...>L:... _____ :._ ________ 1~5 31 

Q 225 .... ----- 37 

- ' , ..,_ ' 30 ?7 6 ....:. 1_. 

4
. , -- - · - -- -...-... 3.) .'35 -

-- .2!_ ._3 

--__ j=---=-_-__ ·-~-=--=--=--=--=-=·=..,-=, __ --____ · -__ :: . 55 

' 365 55 

· - 337 - _iS 

2 --- - . 
3 

- --- -
4 

5 

2 

3 

4 

~ 
2 

3 

"'~ .. -'7 
~~ 

I 
I 
I 

.:-J7 ; 
~ 

- ·----

1 n 

6. '6 

----,..---· l3 ~~ 

j 19. ,8 

l2s . 4 

' 

! .. OQ ? (1(1 ' -~ --
; 3 .s o 19 2 __ :;_o 

""' 0:::1 - ... __ ].3._ 

' 3 . .;. 3 311 ~ 6 

L51 4 10 ' ' 

I lSO lS 25.0 : 1.0 ' 4 .16 ' 
----~------'-----------~_:._ _______________ ~~~~~----~--~~--

i : 
en ~=; --::.s. . 
21 2 27 

-----7----~-----_:._---~~6~7--~----~'-'~81~------~-~~~------'-
'12.5 ! 3 . 30 

I :a . 7 I 3 . 3 5 0(., 4 "1 8 

I 24 .a L. 96 30 5 .:. 6 

I 
I 

_ _ill __ ; 17 .. _: . 
~-

'l.:. ~ 
I 
I 3. 57 22.2 ! l.Q ------------

- - ,- I j 

____ !....1.3.9..__j ___ ·_ -2l2--' --- · ,--ZS · -------'-------------'~-- _ _ ! ...-S.....fL... 

in. l 3.57 --· - --{ ------;-----'--------.......!..--...:....--.: -----'.....::...:..::.:...__: 

i . 6 -

..22__ ___ --: . ___ 19.......,: __ --

4 
-:----...;....---· l . I 

5 : 21.2 

___ _....li__ j 

2 .39 

.::32. 

265 

:a_ -·-
~ 0 



116 

U~ITEG STh 7~S GEOLO~ICAL SURVEY 
~ATER RESOURC ES DIVISIO~ 

•: " . ~~~~'1~~~~ 0~IV~: nea r HO OD, CA., a t CROSS SECT!Oii # 

io'"" GI'\IH :. .. :.D r;l : DATE ~!.:1rch 19. ~979 TI t·lE___:.n:..;;o~!..!.l.n.:.-l:_J~..,;lu.;Q'----------
i 
3~CTIC~ TOTAL S~~PLI~G . CO~CEN 

----r::.:;,:-TI.r.71c:; ------n;:?Tr, ----. ...,uE?TH - ---,.'ELOCiTY- - --, r:.;TIOi;--
___ li-'"',( F'-"Epj : ( FEE T) · : (FEET ) ( FEc:T/SEC) MG/LITRE_'-) ___ ::;_,)-.062 M i~ 

, I 1J.E ? 0 40 13 

zl 7 .2 2.34 58 , ' 
'14 . 4 1.88 59 26 31 "UNPUBUSHED RECCR§~ 

----~----~~·usJ~T~~J0,~-----------------------------------

4 1 :21 .6 68 ______ _ 1.6 2 2l_ __ _ 

' I l. 20 ____ s-!/ _________________ ""':2!....7 .:..:· 7'-----------....:-...L:.~-'----___..Il.;z___ .. _ ___ _ 2L_ . 

I ,, 
I 

? 50 I 

i 
2.68 : 

2 . 3~ 

2. 50 

_____ 1 ]_!~~:1 ______ -....:~""~3~s~·------~'~·~o _____ _ ~--~~~-----....:~~~----

-~ -- ­. . . :-1 

46 ...12.._ 

58 16 

_§],__ _1 L 

- . 64 - - ·· 19 

6 . 0 

- ·- -- - - _ll_,_2 -

:..1 . ...9 

1.30 5 ---· -------------'2~2....:..8.:.. ___ _ 5 9 ::s - --- - ·-- -- -- . 

-~ 

-?71-- · 
? '0 -'-i ----~-3_7 __ -+-------' - l_J_ .. . -

__ ~---------'----7i __ ___:~5~-~5---~--~~2~-~S~S~i---~~5~1~~----~·--lJ _ 
3 ; I 

: " . Q -;-------'...39 ' - - -=-""-'--., 

---:-~~~~~~~~~~~~~~~~~~~~~~~...;..,1-=-:::....::~:-:.....1 ---:::....:.~-=-:::,=======::::=======:=::::=~-;---
! i 

--- ~·~---~--~---~--~----~--- ;----~~--~--~----~ 

~4: --~ n.o It;:; - :-~~- -~-..... :,.Ls_.;_ __ ...::;,- : -

==ij I , s ~ :2 . oo I , 7 , ? 

5 

2 

; 1f) _0 

(;~/ ; --'""- '------~::~o"". ""-a ______ ;_ _l_._o __ ----.,..--""'2_,_."'61,_,!_---c--- _.:.4 .!=..2 ______ _: _ 6 __ _ 
i , 1 ! I 

__ ___:~-------~' ---- ...:.___s .!L. : ----·--~-4"-.! __ _ _ :-.5.9--' - ·- - __ ___s ---- -
I 
I 3 ' 10 . 0 2 . zs : 4 9 8 

'-----j ----.,.-------~-----'--=-=-..:...=...-:------:-i --=-=-=- --- ------ - --:---'- - - -
__ 

4 ----:------'-----..1..' -'-~ ..... a _ ____ ; - --~-2a : _ __ : ___ 66.. ' _ _ --:- :.6 

5 L9.0 1 .63 6 7 - - - - - -
10 

I ., 
I 

""! ~ 
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I 9 700 

2 q..:;o 
U~ITED ST~TES GEOLOGICAL SU~VEY 

WATER ~ESOU~C ES DIVISION 16.0 

near HOOD, CA., at CROSS SECTION # ~ fACAA'lEriTO RIVER 
~ATA GATHERED AT: 
I 

DATE .-'.oril l3. 1979 TI~lE"""""'l ~::.::lc..::S_-=D:..:2"""5 _____ _ 

!.SECTIQ;; TOTAL 5 .~-~~?LING cor;CEi1 
-----,;:7,,; 11m; -. ----,-,.,::.,, ri ----. .,..,, E?TH ----,·Em ciTY ---"'1 ;\,; rr o;;--

(FEET ) ! l (FEET) ; l (FEET) . (FEET/SEC) 1-:G/UTRE) :::)".052 :'. 1·~ 
;b9 ----~ 
~ ?1.1 Q Q 

2 6.1 2. 10 18 

____ 3~~~--~~WO~NPUBUSHEo~uxm~~----~~1~2~-=2--~-----~1~-~s~~' ----------s~o--________ ?~----
4 I SUBJECT TO Rf:VI-S~ ________________________ '_1_8_.~3 ________ ~~1~,_4 ~1 ________ ~6~8 _______ _ 

si 23. :. LJ2 c;o ----, __________________ _..;:;:;_:_"---------..,.---=~::...._:.---'--...:...::.------ . .. . 
I 
I 

J I .J 

_,.50 21.5 1,0 2.05 JS 
------~----~--~~----~------"-----------~~~-----~~~-----

2 5.4 2 .OS 4 1 

3 ., ------- -- ·· - -- -
4 I -~l- -- -- ----

10,3 - - -~ ---3~ ... - 41 

--- ' 1:§.:1- LBO 50 

5 

9 

7__ 

12 

6 

12 

__ -__ ~] -~-=-=-- :; _____ ~..,_l9z...,... J!.....!.. ____ ___.!..____.._1.....~.oL-..J_ ____ -'-_...,...;. 9...,61.....!.1....,· ----~1 _ ____32._ ] __ ~ _ _ 1 _ . 

I i 
__ ~ - _ ----'----'----'---.....;--'·,:t......il-3c__.__ __ .:_.J..... l3::u1:8l_LI __ -'---"' .a.__j ___ , _ _ 8. 

3 
- -- - - .. - --- ----' ----,------,--"Q ..£, 

1 14, 4 

____ __ ___ l ~~2 '· - __ ,_,_ 
4 1.62 57 3 

5 118.3 1.58 ~6 17 

,, / .· 

16.7 LO 35 2.25 ~-----'---~--~--- g 

.J:J.... : 

45 8 

.:. , z._;_ 4: -----.-----+-----~--~~'~?~-----+~2~1 ~5~'~~~~~:~~::~:~~~~=~~-8.4 2,25 ! 
I 

1.'.5 1.96 ! 

48 D ~-----~----+----~----~-l~_-__ 7 __ ~----~--1 -~~-.:._i-'-------~----~--------

S£.& i I I 1
1 

I I ; 
_±:}::::.......;· _____ '--.J.l _,_4~3"-'-' -----!--L~- -----:---''-- ~ Q?-'-~----'--''*-''.Jc__ : _____ _; __ 16 _, -

2 -----'-----,----..:..I _____ ..:.___::J. 7 _____ z_._o_ s:.._i _______ J~------- ~- _ 1 ~ __ 

3 I ; . ! 
.......:.------ _________ _.:... __________ __! __ :....7 ...:l' '--; _____ ...:....__.:..__? , QQ..;---__: ~ _- - ~- _13......: __ 

4 11.1 I !.. 6 5 . l.2 
---:-----:------~------------------ - · - - -- - . -- --r 

5 
- ----'---~3 -~ -- -- · ·- -1.63 
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I
! 8100 u;iiTED srArc:s GEOLOGICAL scRVEY ,.., I 0 I 
I 

WATER RESOUR CES DIVISION ~ • I 3 I I 
ecRA;·IENTO RIVER near HOO D, CA., at CROSS SECTIOil # _1.._ f 
,DATA GATHERED AT : DATE Ju:1e 5. 1979 TIME. _ _:lc..::2.:2.::.0-""'l""3-"'5~5------l -
I 
'SECTIDrl TOTAL sA~1PLiiiG cm:w; J 

~ t ATTDN - - ---r"uEPTH ---..,EPTH ... - - - · -v ELOC !TY - - -rR,; TIOW -- ---- . . 
I{...EIET) I (FEET) • (FEEl) _ _ _,fE;J/SEC) __ ~G~LITRE), __ ~~'1_. 0_52_:_·~:·1_ : 

=======1:~~~~-~~-7~- -----~24~.9~---~1~0 _____ ~, 18 D----
2 I 6 .3 ·- - ----

1.14 16 2 -----

:1 
. 30 16 

. 70 20 

. 70 27 

l'UNPUBUSHED ltSSJJRD§ . 18 _ 7 
-~--~,s~r~~~~&'.~''~-----~---~-----51 . rr::tr.;:~. 
-------------· ~2~3~.9~-----~~----~~ 

' 12.4 

.9 

3 

3 

=-~--{,;z_ OQ '"'---~--'--.IL _____ .L-J:...!,._.:._' ----J..l.----- - -- 1 

~ ~ 5.2 1.14 13 :1 · _______ . _ _!_o ._3 _ ______ -~ __ =:__ _ _ 

15 . 4 . 73 

14 

15 1 -- -- -

_s_l-. ---19.6 .56 
- ---- -

17 2 

---;-j ?e~ . 18 .s l.O 1.03 i ll 

- 3~ ___ ,;,____...=...:...._ _ _;__ __ __:___::__:_::__:.._---,--__: _ _ 

---3 I -- - - --· -------- --·- .. - ~ 

4 .7 1.03 

9.4 .99 :a 
4 1 14 . 1 . 7 :! l3 22 - - -
5 i 17 . 8 . 7 2 16 12 

/! -:-;,.- , 
i 

I l.O 1.14 ' - · . I 11 -':-d ii .0 12 I 

2 4 .2 .99 lJ 8 

3 8. 5 .95 ' ll 4 

I 
I 12.8 . 7 5 15 4 5 

' 5 16 . 0 .69 ' '1 

-?.~'1: 
_..::..- --...:...:.::... ____ ~:::_:l6~-:..::J~---:-l.O . ----~·3.6~-----,.;,.1~5 _ ___ ___, 14 

4 . 0 , I .3 6 j 12 ll ---'--------'---- ----- . ______ :,__ _ _____________ ----2 

- ·- 3 I 
-'------i- - ----_,:_ _____ ~i~8:...:·c=2'--'-----~--'-' :...:7 0~---- __ 8_ ----- _],7 __:_ -

4 : 12. 2 . i2 14 '!. 7 - ·-- ~ · 

5 ... ___ j_ _ _ ._ 15.3 . 56 '!.5 :o i 
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I 
t;:;:ED STAlES G:OOi.. O::.: c .::_ s:_ :.:t.Y 

~ATER RESOUR CES D I V I S IO~ 

23. () 

I 
iSAC RA.'-!Er'iTO RI VER nea r HOOD, CA ., at CROSS 
I 
!DATA GATHER ED AT : DATE J uly 17 . 1979 

SE CTION # 2 

TIME_~l ~ll~0~-~1 ~32~0~-----

SA~? L I NG COUCE N 
----~-, ,;no;; - -----uEPTri-- u~PTii -- -- - -'/ELOi:I I Y - --IR,;I I C~; - - i 
___ ___:i.l...( F~~::..:E:..!.T.L) ____ . _._( ,_,FE::..:E::.!T_L.) ____ ( f_~ ET ) (F EET I SE~_) ---'~-'='G/ LI TK E L) __ __:::_: ) . %2 1·::-~ i 
___ _,_1....:.~.-:.:- ~ _/_7_{ _ __ 2§. .6 ____ 1 j)___ _ _l .lS __ __ ____ -~---___:_1 =.._5 _ 

I '-=-:!. 
___ Z_ i_l_ ._. _ _ - .-- .---- - _ _ _____ 6 . 7 _ _ l. 16 

3 ' ----:' am-,.,.... 13 . 3 1 .o8 

1'-.\,8!....__ ___ _ _1_ Q_ 

19 6 

4 
j' -

1 
NP\JcuSHED RECOROS - - ---

---- ____ _ !UBJ!;CTTO.R£Y~ - --2.o__o ___ __ __sl__ _ _ __ _ 25 _ _ _ _ _ s_ _- -

____ 5-:-! _-__ 2.5.. 6 . 75 
I 

I 

__ _____.__! ~=·. 30? 
__ _3_1 ....:.~- --

' ' 

22. l 1.0 

- -- - - -- -- - 6.5 

11 .0 

L'2D 

1.18 . 

1. 08 

36 

12 

- 1L._ 

13 

_____ J!i. - - - -

2 

16 

12 

4 t _ ___________________ ..LL. 5 ____ "' 7_5 - --- _ _ _ __l__L ____ __ 10 _ 

5 ; ______ __,2'-'-l_,_. _,_1 ____ ___,._,38 17 21 __ 

~~ 
I 

3l_ t 20 .2 1. 0 1.2() 10 11 

Z i ~ 5 0 21 -, ~·---

3 1 ! 10 

4 1 l 5. 1 1.08 
.---, 

111 5 

5 19 . 2 . 80 I 17 9 

1 ..:...~ . ,..,....., . ~--~ I 19 . 4 1.0 1. 26 9 7 

2 I ~ 4 9 l ]] 13 a 
3 1 

4 1 14.6 I .9 5 14 I 5 

-- - sl 18_ 4 w ' 

1 ~ : s-S8_ 
I 

l I 17, 2 ]. Q 1 26 9 211 

z l ~ 11 .3 1.26 13 9 
I ---=-31 - 8 . 6 ' 1.14 14 13 

:I 12 . 9 1 .03 14 c 

16. 2 . 41 15 7 --r- -- -- ~---- -~---- - ! 
:; · ; ;·_·-=~·= .. :~ :' ':"'"" -- -:-: I 

- -I 
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W~TE R RES OUR CES DIVISION 

.,.,., lnACRAI·l ENTO RIVER near HO OD , CA., at CROSS SECTION 

1DATA GATHER::D AT: DATE J u1 v 17 19 79 
! 

2 

.... c~:;us: ~::::~ ~ : :::- : ~s 

s~ ~;~: ~ :o i\~ ·, , 3.: ~ !\ 

TII·1E _ __,_1 ""'3?o....5~.c::.-..;_l ..u50.~....5,__ ___ _ 

:SECTIQi; TOTAL SA:'·1Pl.IriG CO:lc:::;; 
------,:~,...,-IATIOi;----~c:PTr. - uEPIH ----,' EL"DCJH----~ ~A7 10~ 

___ _,1 ( FEET) . ( f_E E.IJ j[E_::T) ( FEET I S_ill, ___ •:.:.:'1G::.:.I..:::L..:..I -.:..:.1 R:-=.E".L) __ __::...~ l. 05 2 !·::-: 

___ 1'-'l ~-_}/t_ .. 25.9 __ __ __ ._ LO . ~-----L..:..a ____ _il _ _ _ _ _ 

~~---- ____ 6.8 __ ___ __ _1 .18 ____ 9~------3~ 

3 I 
4 . F~'1Jsusl-iEc "~eon~~ 3.5 _ ___ LJ l ____ _jo, _____ a__ . 

----~ ~---~U_BJECTTOR&Y~ItJN...__ ___ 20.3 ____ .99 _____ _ _]3 _____ __ 8 _ _ _ 

~ . ' ----~ .5 .• 9 ____ ----..) _.J._ _ ___ ..J6 ____ ___ _ 5 ___ _ _ 

I 
: ?*:: izij 1.0 23 . 0 1. 35 

2 1~ --,- - - ------5.8 - --- --- 1.29 
3 ! 11.5 1.29 

-~-~------· 17 . ~ . l.1 8 ___ 

s I 22,0 69 

I~ ·39t. 
----+~ 

19.6 1.0 1 . 38 

21 ~ 4 9 3 

0 ? 

8 

__ _ _ _1 4_ 

10 

---~1~---

! 
? I 

6 

17 -

0 

0 

2 __ -

! 
- I 

I 
I 

I 
3 

-~ I 11 

12 

14 7 I ?0 

18.6 
; 

. 93 

1.0 1 . 54 

sl 11 i 

~ 

4.6 1.47 9 

9.2 1.38 5 

13.8 1. 32 I 13 

-Y / 1 

17 -+ 1 .08 12 ~6 

1.0 1.65 I . I c-"/""" ; 
____ 1, ~ <.._.;>)'f : 7 10 

4 . 2 1.62 

8 . 4 1. 47 

~ ~~~~---~-~----~~~----~~~-----~1~2~---~~s __ 

l 3 I 11 16 

12 . 5 1. 23 
I 15.3 .84 19 15 : 

. __ ..:...::..:___ ----..:..::...--,.----- - - - - I 

-·---1 . . 
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1' .. 1 .._ ... I .'"'\ 1 ~ __ I.J r- Ur. ~ ._ 2~ 0 

[ 

IZ.CJO D v -,-=-a , ,. · -=-s G'O I O~IC ' L s·- ·-c-y 
-::[- 8 O? •.;,;rc:R RESOURC ES DIVIS!Oi< ~~~~i~~:~2~,~:-~~~~.~S 
•=,., ~ACRA.'·lE/IiO RIVER near HOOD , CA ., at CROSS SECTION # _1__ 

joATA GATHERED AT: DATE Aua. 15 . 1979 TII-iE_:..c10:..:3:.::0_-.:.;12=-1:..::0 _____ _ 

I 
:SECIIQ:; TOTAL SA.'iPLI:IG CO:lCEil 

----..,'-) ..... ,,;710:; ----u::PTri -- ---uE?TH - ---~m.:OCITY , 1\,;IIm; ------ - ·-
___ ___;I( FEEl) lliill (FEET) FEET/ SE0 i'<G/LITP. E) ~ ~. 05~~~. 

1 :~ _~_r_7 __ _ .1].2 __ _ ___ _La - - ------~----~--- --1~- _. _
1 2 : ~ -----. -- -- _6_.~ . - __ __ 1.51 ______ 27 _____ _ _ 2~ -- - - I 

____ 3..;-j_ _ 13.5 1.11 19 6 -- -! 
4 I -.. UNPUSLISHEO ~tC0RC3 1 . - _1_5 --- _ ___ 2_4_. - · - f ---- -1-- - .SUBJECIJO. R[Vf-StON~ 20. 4 .01 

--~-- 26.2 - - .so 42 --- --'~- -.1 
___ 1--11~ ~ 24 0 l. 1.41 13 

----~ ~J~) . ------------ § .0 1.41 25 33 
3 ! 

I 
12.0 

4i 
------ ----- ____ ___l§_,_O_ --

23 .0 

------;~~ 327' 20.4 1.0 I 

2 I 
~~ 

' 
3.1 I 

I ' -
3 : 10.2 

4 I ' 15.3 
I ' ' 5 I ' j 19.4 i ' I ; 

' : i ' i i ' I I 
I i ! 1 I ~ 7l.39 ' 19 .0 l 1.0 

I 

: 

2 ~ I 

i ! 4.2 

3 
I i i ; ! i 9.5 I I 

4 ' ; I 
; 13.3 ' I 

5 I 18.0 

1 I ~~ s37 16 .n i 1.0 
I 

2 ! ~ 4.0 ' 
~--. 

3.0 I 

4 12.0 

5 / 15.0 - - · -.... :-:-· :: _·:·..:::: ~ : J- • . ... .: 

' 

1 .29 28 

1.08 26 

.85 65 

1. 35 14 

. " 1 • ..,.. 17 

1.18 23 
-

1·. 11 23 

. 76 i 46 

i ! 
i 1. 38 I 12 i ' 

1. 32 ' 
13 

' 1. 35 i I 21 

1.14 I 13 

.69 2.1 

1.41 11 

1.47 13 

1. 32 12 

. 75 12 

. 75 25 
----

! 
I 
: 
i 

' 

' 
' 
I 
i 

' 

12 

5 
-- ·---

6 

16 

12 

7 

11 

' 11 

i 23 I 

' 9 

I 14 

' I 39 

10 

19 

15 

16 

26 

14 

I 

---1 
I __ , 
I 

' 
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u:UED Si;, lt:S G::GL ·JGIC:,L SUF:VC:I 
WATER RESOURC ~ S DIVISION 2/.0 

2. o70 I 
:SACMi·:EiiTO RIVER nea r HOOD, CA . , at CROSS 
I 
!DATA GATHERED AT: DATE Auc 16 1979 

SECT lOr• # -~-~-"' oa,::~~~r;·,L;;' I 

- -- - · :s7,;1roil E?TH --:-nE?TH 'ELlJCTTY 1 ;;.,;no~-; 
;SECTIOtl TOTAL SA:·1PLJ:;::; co:;sEN ;~ 

------'l(fiW ; (FEET) · (FEET) (FEET/SEC ) ~'.G / LJTRE ) _ _ _ ~-'--):. G52 :·::.: 

_ _ _l ~~ __ j_BJ __ 2LO _ __ __ . _}.0 __ _ _ _L.B."'--O ___ _ _ U___ 19 __ ! 

__ _ 2 !. ~~ ; . _______ _____ 7.2 _____ 1_. 65 _ _ _ 38 ______ 11 ___ _ 

3 i 
- --·~---.,UNPU8l1SH=-,.,.,..,.,..., 14 . S 1 · 54 ------ ~ 6- _____ _:1c:;:8_ , I ~ .... r< r.-.OR DS 
_ _ '+ i _ . SUBJECT TO RE'IISIONL"--- ___£L_8 _______ __l.62 61 ____ ..1.§__ _ _ _ _ 

5 i ----------~2~8~. 0~---~1~.1~8~- 4~- ----~1~6 ___ , 

___ _,_1 ~. o,___ ___ ...=2 .. P,__5 -------'2""'0,__ ____ _:1.::.6_- -J' 25'7 22 . 4 _ _2J~ 
2 j ~ 

I 
.~,6 - - - - 2.05 - ____ _ ;u_ 25 -

3 : 40 11 . 2 _1 . 92 2U - -__ , 

--~------------~ ~2 15 

---~1---------------------~~----~· 60 6 --, 
I 

' · 32 18 
I 

____ 2~'-·~~~· ~· ~· --7-~~~-----~------~~~-----~----~·1~--
3 I <12 

51 21 

69 15 

3 31 23 

4 34 22 

51 ~7 17 

1 - _:_ •.· ~ 7 1 ?'--' ,;) 14.0 ' n 11 ! 

__ 2 i..:..1!!:W .... IIJ-------------------~-"--------~=--------:----"2>!..6 -:-----:..__1!.!=0~---1 
3 7 o 2 15 r 18 
4 : i . 

_____ ------- - -.----- -----'1 O~ s _____ _L so ___ _ . _ :a_ _ ____ ..J..ll ...__ 3 __ , 

5 1 3 . 0 1 . 30 4 2 1 0 
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~ ' " l ~o... 1M I t. U::. U ..JJ.\..1""\~ :\ 4 t.. l 2/.0 

~
: J r3oc u··r- =o s-r--s - - o L ~~·r-. · su ~· · - v 

J 7' 7 O 1-;ATER RESO UR CES 0 IV I 510:1 ~·~~::~J~;::;~~r~~ ,=~:~~o 
ACRAME NTO RIV ER near HOO D, CA., at CROSS SECTION # 2 I 

ATA GATHERED AT: DATE ,!\ua. 16 1979 TII·iE __ 1:..:0:.:::0..:::.0_-1:...:1...:.1.::..5_____ I' 
§ECTIQi; TOTAL SfJ·iPLI:IG CC:lc::;; 

-----.... -, MTIJii . DEP I r. . DE..,.,,.. ~n----.1il\JCTTY---, i\J, TIC~; ------- ·-
!{FEET) · · (F!::ET) ' (FEET) ( FEET/ SEC ) i1G/L!TRE)~--~:::..~ ):.062 :·~ :~ : 

----'1...!1 .~ 18 9 28c:.;.8,__ ___ __;1:..:.·.::.0___ 1 . 92 25 ____ 17 I 

_....:2:...i...! ~.:...' _ . .....;_) _______ ____ L.~? _ ___ 1 .31_ ____ 3.§.. _ ___ -.:2:..:4_ 

- __ 3~~------~"~N ~-~14~-~4 ____ ~1. 4~4 ___ _ ~3~9 _____ .:_1~2-
A I v ?t:tStrsm:o-R~CMcl 

_ ----~ SUBJECTTOREVJ?i ""ONL!..'-' _ __,2,_,_1.:.:.0:<..-_ ___ __ _ L_4)_ ___ _ _ _ 37 3 

5 ,. 1 •4 8 27.8 .03 ., 

~- - ]--=-.. -------~---7----~---~-------~- -----~-:~~~:::..:-_~---.~--~~------,'-~-:~~~--~-~-···-~----:~-------~~~-- --_-9_

3 

_______ ..,. -

3 ! i - 11.2 1. 92 
4 I 

___ ...L.._ ________________ __j_I6_,8 ______ __L.. l 6 ___ 

i ~: 3~.::.- 19.0 

4 

5 

I i 
____ 1 +1~..::- ~ : ..f3 Z- :. 18 .2 

2 l ...... i 

3 I 
4 

5 I 

21 :4 . 
.r . 

1.0 

15 .2 

18.0 

1.0 

4 .6 i 

9 .l 

13 .6 

17.2 

1. 54 

2.20 

1.?2 

1.30 

1.41 

1. 29 I 

2.00 

1. 96 

1. 80 

1 os 
1.47 

40 20 

7 

5 - -____ s_3 

20 7 

:;a 1'? 

45 7 

~9 Z·J 

50 I - 11 

21 17 

23 13 

28 5 

4 8 

J 1 ~ 0 

17 2.00 19 

I I I 

____ l~~~S3~~2~; ~1~4~.o~----1~-~o~---~~----~---~~~--
----T2 1~ : : 3.5 2 .15 25 13 

3 ! 7.0 2.00 30 3 

12 ' 1.92 33 4 ! 
' 10 . 5 

5 13. 0 1 .68 ~a 
..) . 21 

I 
I 
I 

I 
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U~l T ~ D ST,; 7ES G EOL OGi C~L SUR ~E Y 
~ATER RESOURCES DIV I S IO~ 

SECTION # 2 

2) . 0 

[ACRAJ-1EiiTO ~ IVER near HOOD, CA ., at CROSS 

:DATA GATHEREDAT : DATE A.tJa . 16 1979 TI~1E _ _ l.w1'--'3~,-=--JJ..-)ul:..~..n _ ___ _ 
I 
!S EC"i !Ot: TOTAL. SA.'l?L! t:G COiiCEN 

---""":.::>'1,;-;-ro;;----nu.:.:-Tli- ----nE?IH -- - -,;EL1JCITY _ __ -TRATI O~:--- ------
_ __ _ui(_,_F.:.;EE:o..!Tc.L) ____ _~..:( Fe.!E::.!:E:..!.T-'-) ____ ....1...!( F_:E:.=E~T'-) __ ___,_( .:..:FE::..:E,_,_,_T I S ~t:) MG/ LI TRE) ~ )". 06 2 ::M 

1 I b - 1?2 _ _z_9 . 0 ______ Lu__ __ _ _ 1.62 -- .. ____ _20 

2 ! ~ 
- - ----,, - ----'7. 2 ____ ~J .. _38 _____ 25 

___ 3-+-1 --~~u ==-=-=----1'-'4C..:.· ~s ___ _ _w_l.1J _ _ __ _ _ JQ._ 
I NFt1SlJSffi:o· RECO~~ 

___ 4 j. SU BJECT TO"R_EVH110t-.'-"14'--_ ___._,2L __ u__ ____ L26 ______ _ 30 _ 

s I zs. o . 91 29 
---,---

1 

I 

_ _ l-i-1-'-~- ~7 22.2 1.0 f 1. 38 19 

]2_ _ --

36_ - --

17 

17 

16 

___ 2, ~~~-- ---------· _5_.6 __ ' -- _]_.~ 1 ___ _______ 27_ --- - __ 13 _ 

3 ; -- - -- - --- J 1_J _ __ _ 1.16 30 

-------~1 6~6~'----~-2~~ -----~4~3 ___ _ ~1~---
- I 

_ _ _ J~! -~-----------~~~-----~z~oL-____ _3~7-----~-

1 •
1
' - :;, a ,-

---~~~- ~ ~T-...> , 20 .0 : 1.38 13 15 

2 1;~ i . 38 17 ? 

. 97 25 ?1 

5 I . 91 i 35 14 

41_ a ? j 
--~. --~--'----~--~~~~--~-~~----~~--~-u---

5 j . 97 24 10 

---+-~~1 -~~2~7'--! _1~4~-~s~i ----~~--~~J--?~--~-~~---7-~~--
- 2~(~~~-~---~----~~--~~l~.3~5 ~! ______ ~T-----~~-

~-,c,,"'':'"'0'''.' : :; ' 

13 7 

15 10 
I 

~ i 

21 9 

·--1 
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u: d i L U ~ i .; i E ~ G ~ j :.. (.1:, J C ;.. ~.. 5 ... ~ \' L l 
~~TER RESO URCES OIVISJO~-

~SAi:RCJ-1EIITO R!\'EF: near HOOD, C/..., at CROSS SECTJQr, t _'_ 
!J/..T.t. GATHERED .t.T : D/..TE : -2S- 3C' TJ~E: c':' 55 ::> ::: ; ; -----------------------
~ECTIO~ TCTA~ s,;~·iPL 1 fiG 

--slh710i~ ·------uc.r-Tr. -
----~LE~· --~I (FE E~T~l ________ ~(~F;E~ 

l 7~t' 

- - -n~P7n ·- ---vE! . ."O:iTY - -- - -- · 7 R,;T IOr~ --
( FEE . .:.T..~...) ____ __._( fEET I S Ef) ___ ~G/ LI TPi ) -----~ 'z_._C_5 2_r·:_~~ . 

=-~ := 3 ~-· .!...1 _, -.:~:...:-:..:·:.....· ----------"-r '-: -'-'.1 ___ _ : •. -"0 ___ _ ---- _.2..:) 2... ________ .,:. ·-

----------·---· - --------
3 i .. ,.,DIID''"" 18 0 ~.!..E · ·• "0 

--------1-----~~~~~EOOR•os----~~-~----------~-~--------~~='-------~ 
4 ! SUBJECT fO REVI-SION" 27.9 3 .S9 62 

-~------------------------------------
:, I 

------- - ~ 
-----------------~3:...:6:...:·~1 __________ 3~.1~3~-----~4~0~6 __ _ · - -

i 
1 

Depth I n t:ef;ra ted ~ ~ a --- :·~z~7~9~----------~~~~~~~~~--=---~----~--~--
_ no c 0 ._2_J-:::;-e:,__,... ____ ___::3;..4:..:.·..=z ______ .:.......-=l:..:-:.::o~------_.:..4 .::..;· 7""'5'---------'-9 o,___ _ __ __ _ 15 

2 1 8 . s 4 . 1 s 10 9 30 

3 i7 .1 4 .48 ,-, ..._, __ . __ 
~ I 25.6 3 .7 2 

J .J • - 3 .13 SO l f. -

Deotn lnte~rated 202 
- - : 3"4tS' ' : . -- ·------,.- ------ -------

108030'1 ~ I i 30.8 ! 1.0 ! I 5 . 4 5 I· ' 103 ' ___ _ :; , 
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U~ITED STATES G~OLOGICAL SU2V EY 

I.'ATER RESO UR CES DIVISIOr; 
I 

I 
:SACAA'·lENTO RIVER near HOOD, CA., at CROSS SECTIO~l # _1__ ~!arsh :-!c.S irney ~!ecer 

IDA IA GATH£R£D AT : CAT~ ~!arch 26. 1930 TI~lE--!l'-"0~5~0=.-..:..L::!:..:t.:...SL-_____ _ 
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U~IT E O STATES GEO LOGICAL SURVEY 
, WATER RESOURCES DIVISIO N 

:SACRANENTO RIV ER near HOOD, CA . , at CRO SS SECTION # " :-Iarsh :-!c3irney :-!e ce ::-
i 
!OATA G.:.THERED AT: DATE ~a r ch 26. 1980 TIME_1..,"~5""0'""-'"'1.:::t..:::.:..:..:n ______ _ 
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I _.., -. 

'5 . .;:,:-_~;-::;::;TQ R.;V~i\ ne: r :-iOOC, c;..., at CP.OSS SC:·:TiO:; i' ::-larsh ~lcBirney ~le~er 
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I c; o 
1a 22.a 

J e~nh ::: tegrate.a.· ____ ·-- . __ _ 

1.60 

1 . 30 

62 

66 

52 
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v:~~i'::U ST:...:~S .3 ~ o;_o :;rc;... L S~ .:. V t:Y 
~~T~~ R~SO~~C~S DIVISIOn 

:SAC?,;.'·iENTO R I V E ~ near nOOD , CA., at C~OSS SEC7JON # ~ ~arsh ~lcSirney :-!~t:er 
r. ;. 
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.., :,:-;-:o s :..; :~~ G: C: ... OGi C.~~ 5~.:: ·.' ~!· 

~~~~~ RES OURC ES OIVI S!G~ 

, ,:::#_ . 

s . .;c:?.;:G;TQ ?.lVE?. ncar HO QO, (.!,., at CRCSS SECTiOrl ;: _ ?_ M.:J.rsh ~!cBirnev Xeter 

..5 ~ ·:7::;; ~~ . r ._ 
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~~~:7~J S7h7~S G~CLO:i~h~ S~~~~y 
~~ 7 E2 R~SO~~C~S DlVJSJO~ 

!SACP-.;;·.:~1\TO RIVER nea r HOOD , c,;., at C20SS SECTIO~~ P 2 
I 
::J:-T.C. G . .:,;;-: ~ ~~:; J..T: D . .;TE ~l ov. 13, 1980 TI:·: ~ 1305- 1500 

--~--~~----------

707~ - s~~~~~ ::;3 co:~:Er; 
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2 . 2~ 

2.07 
·- - - - ------- - ·- - --· 
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~~TER RESOUR~ES DIVlSIOU , 

.s,;:?..:..." ·i::~iTC RI\'EP. nea r HOOD, CA. . , a'- CR!JSS SECTION !i 2 Marsh McSirney Meter 

a;..T: __ N_ov_._ 1_4..:.., _1_9_8_0 ___ _ TI1·::: 0900- 1130 

., - . ,, --- I "'_, ,, s .. :.:-~?:.. : ~ ;.:; 
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s ,;cp_.;:·:C::'ii O RIVEi< near HOOJ, :::,;. , at CROSS SC: CTIOr> # 2 i1a r sh ~~c B i rney r~e te r 
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U~IT~J ST ~T~S ~ ~ O L OGiC~L SUR~~y 
~~TE~ ~ESG U~CE~ DIVISION 

:SACR.=.:-:::r,TO RIVER near HOO D, CA. , at CROSS SECTIOr; # ___]___ 

22. ~ 
l~~:?'~':~~ :· ·:- ... =- ~ :-: -::~ 

S lJ~~ .=: : i iG r . .: , . .:.::, 

brA GATi-IERED AT: DATE Se a t. 6. 19 79 TIM E_..:...l -'-'13""'5'--:..!1..s.2~5:~..5 _____ _ 

'SECTIG:; TOTAL s,;:-:Pu:;;; co:;cc:r; 
------,~:-,,;Jic:;-----oc:?Tr. ------u=:?;~ -----v::LOCTIY _ _ _ _ TRAT!Q~; - ---
-----'l(f;ET) ( FE ET) · (FE ET) ( FEET/ SEC) :·:G/LITRE ) ~)_._C_SZ _ :~:-'.:.. 

___ _.!...1 ~ _e___<,__ _ _ 19.8 1 .0 -- - _ 2..:. ~ ?__ 33 

--- - 2 -~ - - - - ------ - -- __ j ._~ 

18 

1. 84 - --- - - - - -· 
34 - -· - - --- -=._:..__ _ _ _ 

s 

, ;· ~PU8LISHE!J rlECCR DS 
--- .,_: __ SU tiJECU.O.RE.'>'l5!.QLE:,.=----14.9 

L~ _ __ _ _ __ 1 . 68 3~_::9:.__ ___ __ 7 

1.62 49 s 
5 . _ _ _ _______ _,_,18_, _8 ______ 1 _,_98 __ - - - -- _§?_ - - - _1 0 

11 
- - - -

1 ~ g o'( 19.9 1 1.0 - - 2 . 20' 32 

15 .,.. ~ 
2 i~ : 4 . 9 

- --·- i · -· - ·- - --- -----·- - - ----- . 1_ -~§- 45 

3 : 10.0 1.34 50 3 

4, ; 14.9 1. 68 50 17 ------------
1.44 ____ ~_- _____________________ 1~8~-~9 ____ ~~~---------64 5 I 

--j 
12 ·-

9 

j J -~ 

'} , ~ 25 ._. I :J 

2.25 ' ~ ~-

2.20 ' 9 

1 ·~ :;&// 22.0 i - ~ 

-----~z~:~--~. ~_7.--~_----7--:.__~~=..:...- ~=----~~~-------~----------
3 ~ - ·11 . Q 

: 3 

11 

3 --
29 ~ 424' -------' 

23 . 0 1.0 

1. 53 39 

1 . 70 67 

2 . 25 32 

4 ! 16 -5 

5 l 21.0 

2 :- --;{2 5.7 2 . 20 47 32 

11.5 1.68 57 3 

17.3 1.68 r a o, I 17 

22. G 1 . 33 :o 

? 10 '1 _____ 1_1 ~ ... __ ~~- '~9~C~-~7~d 5'---~--Li~OL-___ ~~--------•~---~~1~1-~ 
2. 10 42 

1.53 <1 8 

I 

_ _ 2 _~~-----~--~~6~-~2~----~~~---------~------~~1 6~~ 
3j I 12 . 2 10 

4 i . ::4 lfL J ______ __;__ 63 16 

s I 
-- _ _.._; . : ':)" .: a..-<- ~ · : ''_, _ _ 

; - - .. ... -- - - - - # _, , ... .,;, 

_ _:_ ____ 21.6 _______ 1. :;L_ __ - - ___ '? 5 --- i 3 
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r · -:::--
u; , I T~D S~~:~s G~OLC3lCAL S~~~ ~y 

I ~~~~~ R~SOU2C~S DI V !S IO ~ 

! 
fS ACAA'!ENTO RIVER near HOOD, CA., at CROSS SECTIO~i !; _]_ 

;DATA GATHERED AT: DATE Seot. 5, 1979 Tl.'·lE_-'-1 ~30<..:.0'---'-1 _.:-'-1n.__ ____ _ 

22 . .j-
t:\ ~ ·::~ ·: ·-.~~ "~~:" :: 
S;.;~~:~r ~~· ?..£, .~;:.'1 

\ · 

!SEC:TIC:; TOTAL SA:·i ?Lii:G cc:;: ;:: :; 
-----.::-,,.-,..7!0:;----or:F~:-:-- ---JE?TH . - -- -· vE!..OCITY - - - Tr:..;-;- : ; .•; -- - - - --- - -

1( ---- ) ( F;::--- ) ( F--T) 'F - -r r c::.-~ ' .. -/ LI ___ ,_ ~ '-.. -- 7 " " ------'· n . r:. l _:. I t._!: _ ____ \ _c.;_, __ -_::.!::1_ _ _ _.0" __ ,_.-. :. , __ ~/~~ 

___ 1 ~_B_3 __ 19_.0 _____ 1. 0_ - - - 2.10 - - - · -- - _ ]_ .. ~' - ---- - 20 

2 ~ 
------: - - -- ----- -- - ~_,]_ _____ - - - 1:92 __ _g_2___ _ _ ___ 10 

3 ; ___ _____ 9 . ~- ---- --- - 1. .84 

4 j r.tJ'}TPUSl(SHE:!) RECO~OS 14 ._3, ____ _l.§S _ _ - ··- · 

__ )6 ____ _ 2_Q_ _ ___ I 
_4 -,_, ___ _ _ _ n ___ . __ _ 

----
5
- j-- SUBjECT TUREVi610N -

__________ 18. 0 _____ :...1_. 58 _ __ - - - _66 __ _ 13 

______ 1 ~~~z~o~~~--1w9~·~4 ______ ~-~-----Z~l_' __________ ~-----------LL-. 
2! "==' ----: · ' 1 _ _ _ _ _ __ _ ___ _ _ __ 4 .8 2. 00 

3 9 0 7 1 . 96 

4: 
-------~-~------ L63 

so ___ . 

41 

- 8 

16 

------ . ----'-'-'------ -- - _j Q. 

5 I 13 4 1_.23 ________ 6 .__ ________ 2.5 _.:__ -
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16 . 1 
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5.6 2. 00 .13 
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I . . 

1~ 4190 24 . 6 l.O 1 0 92 ' 29 12 

6.2 2.00 40 14 

12 . 3 1.92 47 
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i 7.2 , ~00 
I 

I 3 j_. 3 ::J C) 

fSACRA.'·1EiiTO RIVER 

tDATA GATHERED AT: 

UNiTED STATES GEOL03ICAL SURVEY 
~ATER RESOU2CES OIVJSJO~ 

j/. s- I 
near HOOD, CA., at CROSS SECTION # _ 3 _ 

DATE 2-29- SO 

'SECTior: TOT.:.~ SAI·l?UriG 
--- ~TATIQi; -----li::?Tii . . - - -DEPTH VELDCI"';Y - T;;:Ai':Gi: -- ----

L3 U:.EET) {F;ET) (FEET) (FEET/ SEC) __ :'<G / L.ER~)_ :)'-.os;_r~~-_ _;:.::...__....., 18~- ---- ~::..=.,!_1_ __ _ 

~--· -" _. _-'____,--;--=:...::-F- _llL2 _____ L,.Q• _____ ~.....:J~- _ _ __ a!L-----~7..l-' 

2 ______ 7. 6 :.. 37 1. 00 29 i 
- - ---- ----- - . - ·- 1 

3 ! "UNPUSUSH~D :iECC~DS 
------~_,f S~JE~ fa'R.E.\iislO""'N"" .. '->_'--------2-2-.-7----- 3 . 3 5 --- --

lS .1 3 . 39 

5 I 
i- ------- ---____ 29 . 2_ -----'~=--,_,2,_,;,5 ----
' j De~n::-t Integra ted 

- - . 

l 1 ' - .l. 

1
, _ 
_ j 

16_6 - - -- -- - -

98 
----, Z-~7 

~ I ~ . _ .JO"-'-'.O'--------=l::.:·:..::0:.__ ___ _;,--=5:..;·:..:2~0:.__ ____ __::3:_::9 ____ _ 

34 

39 

s:. 
JZ 

-- - ~--------------L...51 ____ ~Lb.S_:_ ___ __L27 ____ .. .. .J2 ~ .., 
3 l 15 .0 --~ --4~ - - :50 

4 ! 
:~.3 3 0:1 13 1 53 

- ' :l . :9.0 1.96 ~51 33 --------------
_.l,SO __ 

-- ' j ' lj -~2. , . I ---~-~~------~L-----~~~~~-~-~~~---------~0~- --
_2 i - --- - 3.3 l.22 

3 i 
!.6. 5 _ --- __ '.,)j_ -::-__!._51 ___ . _ _ _ Sl 

I 

4! 24.9 3.65 70 ---sl 
---~----------'---3~2~.,_,2~---- 2.25 

_ _j ~-n..._2.,6...-----__,;.--~"'a:::.d-,+, :;;gr..a ced.,..: _______ _ 

~~-- -~-~-s~============:::s:· :6 ==========17:l :::~-------~~' ~.9~5~ _-_. _ _ _ 

~ -~ 

!.17 34 

, ;a 

29 1 7 --------- - -

;.... 4_~ ,, ___ · __ 33 
-

4 .43 !.~0 39 

~ .99 ::6 66 

' . 53 ;:: o 30 --~~----- 1~34 ._6 --~~~. ~-~ 
:.. I De pth !nteozrated 1 Q9 I 60 · 

.~ _:';r0~ ,_f?a9 
·-----'---J16...u., __ ___;, _ _ l.....[L _____ A...5S...:___ -:8_; ___ ~ _ ___.10 --·-

- .. - --------,-------..!....9.0_ - ---- ~.:..37 __ ___ 11~--- ____ · - 3~ _ _, --

: 
3 

lL ---- __].59 _: ---_:__,],] ~9 - ' 

_ ____ ~ -_ __ ___ 27 .a __ _J ._~2 __ . __ :az _ ______ ~ i 

51- - -- .. - - --------- - - · _: '--:s 
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17. c ' u • -- ... 
... •! . :. ... 

- -- - ~- -- · ~- ··· · 
~ ~ - :.~ ..: : __ ._._;,.,.,_ 

1 • ---

" ·"" 1 :_ ; , 

~!a r sh ~! .:Sirney ~ e ter 
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~ 1105 
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1 6 
I ; / 

17_ 

/ _;?_.: 

!.4 .. 3 2 .0 6 

.17 . 5 1 . 7!. 

_.:.3 

:o 

.: : : _ __ :.:.....SuO ___ ~_., _Q_~-----........_ ___ ____ .., _;:_ 7 _____ _ 

_____ 1 2~-~~~------ :. ::.s. _ _ _ ___ _..c-~· ,; 

/ ;,"' .::. 

- · __ } .. :! ___ ll . 0 .., , ... -;.., 
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/ 

- --- _ __u,__ ___ l6 ".5 . ·- - ____ _2. -9 2 __ _____ _.5.3 - - - -- . ----

6 

9 

.9 

17 

10 

? 

. ___ 1 22~ ______ 1_6_ ___ 19 • .5 ____ __ ). . _o~.._ _____ _ Q_2 . _______ : 5 

ile!)th Inr;_egr,3.lej __ _ ____________ _ ~ 9 _ ___ · - - -- · -
. ., ., ~ ~6 ~- 2 . 0 

-- ------------ 33 __ ---23. s :. :6 lJ 

16 5 .9 ~'-'-------- 2_. 14 - -- ---~ 3 ___ ___ _ lO 

3 i 
J__ 

I j:; 
16 11.3 2.07 4 5 -----...,....,-:--------- -·- -- - --------- 10 

I · :: -
12 - 17. 7 -- - ~~6 ---~'3, _______ _ .10 

' 
:305 _ __1_1 ____ :::. .J --- ·-- ----------

___ _ 

1

j __ ,...,...r- · _ ~?th Ln teg r:ar en=-· - ---------
v "' / 9 --

l: ~ 13 10 ___ 23. 5 __ 1 5.....:-_ 2. 0 __ __ ___ _ __L '? 9 --------~~----------- 1~ / .o,.... 
16 5 .9 1 . 38 - ·--- - - -. ------ . ____ :....o6 ___ --- . 16 
/ : ·-~ 

_ ________ :.Q__.:.l._,.E__ .l.. 3 5 3 
~1 :.. 9 

t 7 .-=-
-~.a_.=__ ~i..:..L - - ·- - - - - · ~ · :,3 _; 3 3 

s 13~0 . ' ' L .-.._:.. '::0 

• .- ;: p. I • • ~ 
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. . - - - . - . . - - - . . - . . -. ·· ·-- _ _ - . :.:: .; :. ___ _ . __ ..... _ 

_ ,_ 
- .. ,.-
' I' ·;~-~~.i_l..l.3!..<0.=-c;,l.,:(..:_,:"'fJ"--------

..:. :- . -__ , -- . _; -------· · · ·~ - -- ---.. -- ·-·-··--
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2 ! 
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:9 
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5 

l l 

9 

10 
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. :9 

2 f 13 5 ----- .....? • 2 ____ __ ,_:_-:.._ __ 
__ 3--!--- --------~.04 5 1 ? -'"------~-3 7----- ----''-"'--------- -~ --
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-- ;--- - · ------- . - -!.-:27.2 - ~2 . :? 

.: I 
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__ ._, _______ _ 
_ _ ... s'------- 3 __ _ 

ll 1: 

L3 ---· - - - -
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_ _____ _ .!.Ji .}..39 __ ·o~_1 ____ __ __;_w, _______ __ _ 

196 1 - -- ~ - ..> .so 
j 

.2.520 .; -=- ::_ 2.:'..3--.2.9 .0 .37 
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U:iiTED STATES GEOLOGICAL SURVEY 
WATER RESOURCES DIVISIO~ 

z. z . -

eCRAi-IEilTO RIVER near HOO D, CA ., at CROSS SECTIOil # 3 

-DATA GATHERED AT: DATE Sept. 16, 1981 TI ~1 E_..:.,:12:_:1~5:..._-..:.:13~5~5------
I 

TOTAL SA1·1PliiiG CO:lCEN 
- --- -- - ;sr,;nc;; --- LJEPTH --- - 'DEPTH - ~ ELDCTTY ---. TRATI O~i -------
___ _ ;(FEET) ___ _ (.._,_F-=EE~ZI:·:UTH_(F_f:EI) _ __ ,..l.. FEET/ SEC ) i'.G/LITRE) ~ )".062 i<i1 __ 

1 I,. ~ zzo 19.2 z";~2 ~· - 2.0 _ __ j.70 
., 
(,. 

3 i ____ ___ ......,-·.,.-,.1"\oos 
- -- - ' "miPUSLISHC:O->L....,. o. · -
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- I . - --- - - - . -
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- - t - --- - - ·----
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12.0 

18. 0 

1.138 

1. 88 

1. 84 

1.58 ----- -
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I RC:S OURC C: S Dl'/ISIQ~ 
I 
~,;;::::.::-:C:\"10 Rl'I C: .~ near ~OO G , CA., at CROSS SECT IQ ;; # ~ 

!ohT;; G;. 7H E:F.~D AT: a,;TE~ ., , 1 ae:-o 
i ----~~-----------------

T H·:C:_ ,_-_,.,:..."':.:-:..;'c...·"'. ':..."-----------
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----~ /~~- - - - -

-- -~\~tl~~~) ___ ~ >. 052 _::::-: __ _ 
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APPENDIX B 

Table B. 1. Cross-Sectional Area for a 11 Locations. 
DATE SECTION HOURS AREA (SQ FT), J TOTAL 

1 2 3 4 5 

1978 5 18 2 1030 133C• 32..-'7. 2832. 2394. 2141. 2072. 12697. 
1978 11 21 4 1200 1412 2053. 3270. 3348. 4434. 14105. 
1978 11 22 2 1350 1600 4083. 1593. 1663. 1'~36. 4445. 13721. 
1978 11 22 3 9~.0 1320 2488. 2915. 1872. 1587. 5945. 14807. 
1978 11 27 1 12.."3 1509 2601. 1668. 2073. 2302. 4362. 13006. 
i979 1 19 1 1205 1229 2945. 2124. 2513. 2556. 4465. 14603. 
1979 1 1'~ 2 1355 1527 4779. 4950. 2796. 1327. 2020. 15872. 
1979 2 13 1 1245 1450 2677. 1613. 2130. 2178. 4007. 12605. 
1979 2 13 2 1005 1215 4978. 2170. 1584. 145~. 3507. 13697. 
1979 222 2 1015 12"..5 6855. 4402. 2244. 2088. 2886. 18475. 
1979 222 3 1305 1445 5338. 2860. 2436. 1727. 5280. 17641. 
1979 3 19 2 940 1130 4562. 2309. 2607. 2014. 2627. 15118. 
1979 3 19 4 1200 1330 2SSZ.. - -2o23. ' 1964. 2992. 5036. 14898. 
1979 4 13 1 1010 1140 2382. 1378. 1771. 2218. 4836. 12586. 
1979 4 13 2 1215 1325 4382. 2075. 1390. 1703. 3089. 12639 ..... ~ 
1979 6 " 1 1015 1150 2589. ·1482. 2123. 2166. 3750. 12110. J 

1979 6 5 2 1220 1355 4418. 1'7'06. 1814. 1377. 3413. 12928. 
1979 7 17 2 1110 1320 4488. 2453. 1454. 1571. 3809. t3776. 
1979 7 17 2 1325 1505 4517. 2553 •. 1411. 1490. 3736. 13707. 
1979 7 18 1 '130 1110 2581. 1235. 2496. 2408. 3765. 12485. 
1979 7 18 1 1130 1315 2618. 1225. 2662. - 2507. 3784. 12797. 
1979 8 15 2 1020 1210 4081. 1524. 1928. 2024. 3844. 13401. 
1979 8 16 2 830 1000 4224. 1747. 1785. 1709. 3470. 12935. 
1979 8 16 2 1000 1115 4217. 1747. 1663. 1747. 3462. 12836. 
1979 e 16 2 1130 1310 4275. 1732. 1750~ 1766. 3630. 13153. 
1979 9 6 3 910 1100 1683. 2632. 2530. 1788. 5540. 14173. 
1979 9 6 3 1135 1255 1622. 2567. 2420. 1714. 5490. 13813. 
1979 9 ., 3 1300 1410 1573. 2503. 2354. 1669. 5489. 13587. 
1979 911 4 1000 1140 2721. 2046. 2254. 2989. 3908. 13918. 
1979 911 4 1200 1320 2682. 1990. - 2136~ 2891. 3849. 13548: 
1'179 9 11 4 1340 1500 2640. 1916. 2078. 2842. 3816. 13291. 
1979 9 12 1 930 1100 3015. 1612. 1245. 1932. 4861. 12665. 
1979 9 12 1 1115 1225 3040. 1649. 1196. 19%. 4897. 12778. 
1979 9 12 1 1240 1400 2999. 1637. 1254. 2013. soss. 12958. 
1980 2 28 1 1400 1540 4504. 3132. 2242. 1940. 6370. 18188. 
1980 2 28 2 1055 1235 6026. 3061. 2248. 3014. 5040·. 19389. 
1980 229 3 1300 1420 5795. 2805. 2175. 1905. 69?J. 19606. 
1980 2 29 4 1000 1120 4767. 2836. 2543. 2365. 7289. 19800. 
1980 6 24 4 1100 1455 2549. 2268. 2343. 2223. 4574. 13958. 
1980 625 3 1020 1340 1625. 2128. 3058. 1939. 4363. 13113. 
1980 6 26 2 '?40 1325 4545. 2268. 1888. 2068. 3310. 14079. 
1980 .s 27 1 1045 1500 2500. 1755. 2249. 2279. 4116. 12899. 
1981 4 28 1 1250 1420 2831. 1321. 1740. 1742. 5172. 12806. 
1981 429 2 1020 1305 3872. 1830. 1969. 1822. 3538. 13041. 
1981 4 30 3 1130 1420 2133. 1999. 1914. 2-'79. 5311. 14135. 
1981 " 1 4 1005 1310 2?72. 2602. 2033. 2498. 3525. 13430. J 

1981 9 15 1 Hl15 1215 3088. 1459. 1633. 2091. 4323. 12594. 
1981 9 16 -l &55 1115 2217. 1679. 2656. 3188. 4564. 14302. 
1981 9 16 3 1215 1355 3931. 1892. 16&:l. 1461. 4009. 12973. 
1981 9 17 ., 840 1100 3392. 2190. 1776. 2384. 3617. 13360. 
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Table B.2. Mean Daily Discharge for all Locat ions. 

DATE SECTION HOURS OISCHAAG£ (CFS) , J TOTAL 

1 2 3 4 C' 
.J 

1978 5 18 2 1030 1330 5314. 5808. 5225. soos. 4632. 25985. 
1'178 11 21 4 1200 1412 4141. 4232. 3699. 4088. 16159. 
1978 11 22 2 1350 1600 5003. 2310. 2165. 2771. 5768. 18017. 
1978 11 22 3 '?SO 1320 2562. 2353. 1264. 1166. 3840. 11186. 
1978 11 27 1 12...?3 1509 1322. 777. 1090. 1241. 3021. 7451. 
1979 1 19 1 1205 1329 8314. 6265. 8457. 7989. 12854. 43878. 
1979 1 19 2 1355 1527 13527. 14265. 7549. 3637. 5805. 44783. 
1979 2 13 1 1245 1450 1595. 1524. 2882. 3052. 4990. 14043. 
1979 2 13 2 1005 1215 6449. 3152. 2514. 2203. 5512. 19831. 
1979 222 2 1015 1235 20705. 15836. 7414. 7307. 9973. 61235. 
1979 222 3 1305 1445 17964. 10144. 9201. 6'257. 15424. 58990. 
1979 3 19 2 940 1130 8954. 5569. '5969. 6747. 5952. 33190. 
1979 3 19 4 1200 1330 7068. - - 5322;~ ,5o.s7. 7185. 11160. 35802. 
1'?79 4 13 1 101•l 1140 3870. 2386. 3316. 4252. 8762. 22586. 
1979 4 13 2 1215 1325 7401. 3861. 2498. 3472. 5797. 23029. -~ 
1979 6 5 1 1015 1150 4249. 2314. 3433. 355-0. 5664. 19210. 
1979 6 5 2 12..."0 1355 4026. 1731. 1640. 1245. 2548. 11189. 
1979 7 17 2 1110 1320 4722. 2352. 1.S39, 1t·27. 4033. 14373. 
1979 7 17 2 1325 1505 4857. 3029. 1753. 2035. 5199. 16873. 
1979 7 18 1 no 1110 4121. 2346. 4638. 4700. 6251. 22055. 
1979 7 18 1 1130 1315 3385. 1638. 3315. -3318. 3923. 15579. 
1979 8 15 2 1030 1210 4904. 1866. 2272. 2414. 4474. 15930. 
1979 8 16 2 830 1000 6697. 3124. 32i7. 3220. 7272. 23530. 
1'~79 8 16 2 1000 1115 6¢08. 3271. 2886. 3114. 6810. 22690. 
1979 8 16 2 1130 1310 5435. 2085. 2104. - 1943. 4553. 16119. 
1979 9 6 ., 910 1100 2630. 4562. 4638. 3215. 9618. 24664. " 
1979 9 6 3 1135 1255 2679. 4683. 4852. 3149. 9721. 25085. 
1979 9 6 3 1300 1410 2890. 4740. 4490. 3080. 9824. 25024. 
1979 9 11 4 1000 1140 2817. 2251. 2:01. 3205. 4692. 15466. 
1979 911 4 1200 1320 3665. 3181. 3149 • . 4017. 6502. 21114. . 
1979 911 4 1340 1500 4626. 3573. 3803. 5016. 7147. 24165. 
1979 9 12 1 930 1100 2917. 1612. 1306. 2169. 5261. 13265. 
1979 '? 12 1 1115 1225 2832. 1612. 1365. 2306. 6501. 1461t .• 
1979 9 12 1 1240 1400 4323. 2175. 1687. 2791. 7308. 18284. 
1980 2 28 1 1400 1540 18711. 13846. 10538. 8855. 31697. 83M8. 
1980 2 28 2 HiSS 1235 25423. 12895. '?889. 13227. 22:206. 83640. 
1980 229 3 1300 1420 22027. 11131. 8823. 7513. 26414. 75909. 
1'?80 2 29 4 1':)00 1120 19929. 11885. 11258. 975-4. 32100. 84925. 
1980 6 24 4 1100 1455 5117. 4431. 4149. 2354. seoa. 22859. 
1980 625 3 1020 1340 3184. 4533. 6421. 3904. 7808. 25849. 
1980 6 26 2 940 1325 7168. 4090. 3608. 4087 . 7088. 26041. 
1980 f:. 27 1 1045 15.00 4537. 3497. 4520. 4753. 8248. 25555. 
1981 4 ? 0 -w 1250 1420 2320. 1212. 1671. 2589. <;<::v 7 

..J...I i l . 
1'YJQ() 

""""'"" ' * 
1981 4 29 " 1030 1305 1515. 1160. 1401. 1156. 1733. 6966. 1:. 

1981 4 30 3 1130 1420 2321. 1516. 1030. 945. 1212. 7024. 
1981 5 1 4 1005 1310 4398. 3662. 2467. 1967. 2410. 14904. 
1981 9 15 1 1015 1215 4831. 2363. 2834. 2a16. S.S01. 22444. 
1'?81 9 16 4 855 1115 3064. 2469. 4275. 5271. i-;;l/. 22657. 
1'?81 '? 16 3 1215 1355 5944. 3182. 2'123. 261·~ · /:.535. 212(}tJ . 
~ 981 9 17 2 640 1100 2568. 2618. 2507. 3588. 5802. 17082. 
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Table B.3. Mean Daily Sediment Load for all Locations. 

DATE 

1978 5 18 
1978 11 21 
1978 11 22 
1978 11 22 
1978 11 2? 
1979 1 19 
1979 1 19 
1979 2 13 
1979 2 13 
1979 2 22 
1979 2 22 
1979 3 19 
1979 3 19 
1979 4 13 
1979 4 13 
1979 6 5 
1979 6 5 
1979 7 17 
1979 7 17 
1979 7 18 
1979 7 18 
1979 8 15 
1979 8 16 
1979 8 16 
1979 8 16 
1979 9 6 
1979 9 6 
1979 '? .$ 
1979 9 11 
1979 9 11 
1979 9 11 
1979 9 12 
1979 9 12 
1979 9 12 
1980 2 28 
1980 2 28 
1980 2 29 
1980 2 29 
1980 6 24 
1980 6 25 
1980 6 26 
1980 6 27 
1981 4 28 
1?81 4 29 
1981 4 3•) 
1981 5 1 
1981 9 15 
1981 9 16 
1981 '? 16 
~981 9 17 

SECTION 

2 
4 
2 
3 
1 
1 
2 
1 
2 

3 
2 
4 
1 
2 
1 
2 
2 
2 
1 
1 
2 
2 
2 
2 
3 
3 
3 
4 
4 
4 
1 
1 
1 
1 
2 
3 
4 
4 ., 
"' 
2 
1 
1 
2 
3 
4 
1 
4 
3 
2 

HOURS 

1030 1330 
1200 1412 
1350 1600 
·;.so 1220 

1223 1509 
1205 1329 
1355 1527 
1245 1450 
1005 1215 
1015 1235 
1305 1445 
940· 1130 

1.200 1330 
1010 1140 
1215 1325 
1015 1150 
1220 1355 
1110 13.20 
1325 1505 
930 1110 

1130 1315 
1•)30 1210 
830 1000 

1000 1115 
1130 1310 
?10 1100 

1135 12..,~ 

1300 1410 
1000 1140· 
1200 1320 
1340 1500 
930 1100 

1115 1225 
1240 1400 
1400 1540 
1055 1235 
1300 1420 
1000 1120 
1100 1455 
1020 1340 
940 1325 

H)45 1500 
1250 1420 
1030 1305 
1130 1420 
1005 1310 
1015 1215 

55'5 1115 
1215 1355 
340 1100 

1 

695. 
137. 
285. 
112. 
43. 

5196. 
7061. 

70. 
'lll'l .x. ... 

11992. 
10525. 
1373. 
983. 
433. 

1074. 
295. 
190. 
260. 
151. 
380. 
238. 
314. 
753. 
627. 
386. 
218. 
m. 
256. 
139. 
188. 
318. 
175. 
158. 
312. 

6844. 
11501. 
6587. 
5932. 
543. 
321. 
849. 
680. 
120. 
9•). 

124. 
218. 
674. 
141. 
469. 
123. 

SEOII'ENT LOAD (TONS/ DAY), J 

2 

864. 
162. 
144. 
~·"1 
I i • 

28. 
3602. 
8355. 

65. 
143. 

11725. 
6267. 
924. 
800. 
247. 
451. 
134. 
63. 
96. 
97. 

220. 
145. 
152. 
325 •. 
365. 
184. 
391. 
595. 
598. 
130. 
193. 
272. 
97. 

131. 
144. 

n6z. 
6866. 
4770. 
5583. 
438. 
511. 
578. 
441. 
43. 
52. 
C.3. 

187. 
269. 
142. 
219. 
103. 

3 

757. 
140. 
124. 
:o. 
39. 

4374. 
3721. 
123. 
117. 

4987. 
st.s9. 
889. 
879. 
327. 
318. 
181. 
'Sl. 
55. 
57. 

428. 
20.2. 
141. 
376. 
300. 
125. 
439. 
647. 
632. 
106. 
2~ 
?r::''l 
...,...~ ... 
83. 
60. 
90. 

4232. 
4465. 
4151. 

610 • . 
918. 
470. 
582. 
63. 
48. 
44. 

129. 
305. 
333. 
282. 
'?0. 

4 

666. 
119. 
160. 

,~7. 

47. 
3724. 
1812. 
133. 
83. 

4404. 
4375. 
'?33. 

1288. 
371. 
392. 
181. 
42. 
51. 
67. 

298. 
!"...6. 
105. 
275. 
238. 

- 105. 
374. 
474. 
499. 
149. 
431. 
551. 
135. 
106. 
13.$. 

3491. 
5939. 
3191. 
4997. 
418. 
470. 
453. 
554. 
84. 
37. 
39. 
ii'l 
· ~· 

365. 
608. 
326. 
1M. 

5 

567. 

309. 
168. 
123. 

:.$19. 
2740. 
191. 
203. 

6118. 
10036. 

886. 
1580. 
724. 
574. 
251. 
e5. 

139. 
164. 
365. 
161. 
161. 
589. 
526. 
190. 

1139. 
1326. 
1338. 
269. 
529. 
728. 
316. 
261. 
350. 

9549. 
7821. 

10767. 
12050. 

400. 
1041. 
860. 
710. 
167. 
49. 
46. 
91. 

764. 
734. 
813. 
315. 

TOTM. 

3549. 
s:a. 

1022. 
473. 
281. 

2.2515. 
23690. 

928. 
39226. 
36862. 
5006. 
5529. 
2101. 
2809. 
1043. 
436. 
601. 
536. 

1691. 
882. 
874. 

2318. 
2056. 
989. 

2560. 
3335. 
3324. 
794. 

1566. 
2221. 
806. 
715. 

1032. 
31879. 
36592. 
29465. 
33757. 
2409. 
3262. 
3209. 
2966. 
4n. 
275. 
?1' .., .. o. 
717. 

2376. 
1963. 
2109. 
797. 








