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SOUTH DELTA WATER AGENCY 

Directon: 
Jerry Robinwn, Cluirm~o 
Peter Alvarez. Vicc-Cluinn~n 
Ala Hildcbr~od, Secrcury 
Roben K. Fergii.SOo 
Naulico &~hetti 

Ms . Stacey Gianoli 

2S09 WEST MARCH LANE. SUITE 200 
POST OFFrCE BOX 70383 

STOCKTON. CALIFORNIA 95267 
TELEPHONE (209) 474-2509 

FAX (:!09) .&74-9701 

July 15, 1997 

State Water Resources Control Board 
Bay-Delta Division 
P. 0 . Box 100 
Sacramento , CA 95812-0100 

Re: South Delta Channel Depletion Requirements 
Develooment of 1995 WOCP EIR 

Dear Ms. Gianoli: 

Couasel: 
Brewer. Patridge 
& Herrick 

Eopneer. 
Ger2Jd T. Orlob 

.;.":. 
1 rn ( 1 .. ('~ 

~ Enclosed please find the channel depletion requirements for 
the South Delta for all month~ ·except July as developed by Mr. 
Jerry Orlob, Engineer for SDWA . As we discussed, the calculation 
for these amounts is predicated on the South Delta tidal barriers 
being installed and operated. The channel depletion amounts for 
the South Delta in the absence of the barriers are unknown but 
would be higher. 

It is my understanding that you have the amounts for the month 
of July, as they are included in an exhibit to the Draft Contract 
between SDWA, USBR, and DWR which seeks to settle the 1982 lawsuit. 
These amounts for other months were produced at the request of USSR 
during our ongoing negotiations. It is my understanding that USSR 
and DWR would agree that these numbers are accurate because SDWA's 
engineer developed them from the calculations set forth in the 
Draft Contract . However, I do not believe DWR or USSR have 
confirmed their accuracy. 

JH/dd 
Enclosure 

Very truly yours, 

BREWER, PATRIDGE & HERRICK 
Attorneys At Law 

By_~~-(\_-=-==.~fk-=--·=L=--::-:-----
(jJOHN HERRICK 

cc: Mr. Al Candlish , Bureau of Reclamation SDWA22 
~-:r. -r.:- eO:: ;->- r: !"::- 2 :- !':·?!' 
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INVESTIGATION 

of the 

SACRAMENTO-SAN JOAQUIN DELTA 

Report No. 4 

QUANTITY AND QUALITY OF WATERS 
APPLIED TO AND DRAINED FROM 

THE DELTA LOWLANDS 

* * * 
PART I - INTRODUCTION 

This series of five reports is designed to furnish new 

and additional factual data collected during the past three years~ 

with analyses thereof, that are germane to those hydrologic prob .... 

lems in the State's water development programs which involve the 

use of Delta channels as conveyance conduits and as sources of 

diversion. 

The Sacramento-San Joaquin Delta lies in the Central 

Valley of California and embraces the confluent channels and trib

utaries of the Sacramento River entering from the north, the 

Mokelumne and Calaveras Rivers entering from the east, and of the 

San Joaquin River entering .from the south. The Delta is comprised 

of a block of nearly 400,000 acres of irrigated agricultural land 

interlaced by more than 600 miles of tidal channels which in turn 

surround more than 50 islands lying at or below sea-level a.nd 

which are protected by levees. 
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The strategic geographic location of the Delta makes 

it the pivotal conveyance link across 'vhich the surplus water 

supplies of the no~thern portion of the State must be transported 

to the water-deficient areas of the central and southern portion 

to permit the continued agricultural, industrial~ and municipal 

growth of those areas~ The Central Valley Project has been de

signed, constructed, and put into operation to take advantage of 

the Delta channels to convey some 5,000 second-feet of the surplus 

Sacramento Valley waters to the south into the San Joaquin Valley. 

The plans of the Feather River Project call for the transfer and 

conveyance of an additional 11,000 second-feet through these same 

tidal Delta channels. 

Despite the recognized importance of the pivotal posi~ 

tion the Delta plays, or will play, in major programs of water 

development in California) there has been a dearth of geologic, 

hydraulic, hydrologic, and salinic information of the physical 

phenomena present. Such information is essential for intelligent 

planning of water transfer across the Delta area. On the other 

hand, the fruition of such water transfer plans must include solu

tions to problems o£ flood control, water utilization, and water 

disposal within the Delta area itself, The solutions will involve 

plans for optimum fresh-water distribution, saline-water drainage 

disposal, and degrees of channel salinity control to satisfy 

agricultural and industrial needs. The data and their analyses 

as presented in this series of reports are germane and essential 

to solutions of these Delta problems. 
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An investigation so comprehensive as to cover and report 

upon all of the facets of pertinent knowledge concerning the Delta 

area would be prohibitive in cost at this time, This series of 

reports perforce is limited to some of these facets) namely, 

ground water geology, water source and water utilization phenomena 

on two of the Delta islands, quantities and qualities of applied 

water and of drainage water in the Delta, and the extent of sea

water incursion in Delta channels. 

This report is the fourth in this series and deals 

with some of the hydrographic and salinic aspects of water supply 

and water disposal in the Delta. 

Purpose of This Investigation 

One purpose of this investigation was to determine the 

monthly and seasonal quantities of water applied to the irrigated 

crops in the Delta Lowlands. This investigation was initiated 

in 1954 prior to, but in anticipation of, the "Sacramento River 

and Delta Trial Water Distribution Agreement for 1955" in which 

the State agreed to undertake "studies to ascertain the quantity 

of water required by water users diverting in and from the Deltan. 

Another purpose of this investigation was to determine 

the extent and sources of degradation in quality of the channel 

waters as they move from the Sacramento River to the Tracy Pump

ing Plant. 

-3-
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.. 

Area Under Investigation 

For purposes of this report, the area under investiga* 

tion, as delineated on Plate 1, will be called the nnelta Low

lands" and includes lands bordering the Sacramento and San Joaquin 

Rivers and their distributaries within the Delta area. The Delta 

Lowlands refer to those areas in the Sacramento-San Joaquin Delta 

consisting generally of the lands lying below an elevation of plus 

five, mean sea-level datum, and which, for the most part, consume 

water not susceptible to direct measurement since such water is 

largely derived from Delta channels by percolation or by numerous 

unratable siphons. 

The Delta Lowlands comprise a land and water area of 

approximately 469,000 acres of which about 374,000 acres are 

developed for agricultural purposes and of which approximately 

292,000 acres were irrigated in 1955. 

The sUl"face soils in the area embrace a large number 

of soil classes. The sedimentary mineral soil classes range from 

loamy sand to clay while the organic soil classes range from mucky 

loam to peat. Generally the organic soils are concentrated in the 

central part of the Delta. The purest organic soils (peats) vary 

in thickness from zero to over 30 feet and overlie mineral soils. 

. Sedimentary soils generally lie along the Delta channels and cover 

the island areas lying above sea level. 

-4-
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Related Investigations and Re2orts 

The following investigations and reports covering the 

Sacramento-San Joaquin Delta and adjacent areas were reviewed 

in connection with the current investigation: 

California State Department of Public \!forks, Division 
of Water Resources. uvariation and Control of 
Salinity in Sacramento-San Joaquin Delta and 
Upper San Francisco Bayn, Bulletin No. 27, 1931. 

-"Putah Creek Cone Investigation", December 1955. 

-"Sacramento River and Sacramento-San Joaquin Delta, 
Trial Water Distribution 1955, Summary Report of 
Data'', January 1956, 

-Water Quality Investigations, Report No. 7 "Quality 
of Ground Water in the Stockton Area, San Joaquin 
County", March 1955. 

California State Hater Resources Board. rtSan Joaquin 
County Investigation" Bulletin No. 11, June 1955. 

United States Department of Agriculture, Bureau o£ 
Plant Industry. nsoil Survey, Dixon Area. 1 
Californian, 

-rtSoil Survey, Tracy Area, California". 

-usoil Survey, Sacramento-San Joaquin Delta Area 
California", 

University of California, College of Agriculture. 
"Soils of Sacramento County". \\feir, Walter W., 
April 1950. 

Scope of This Investigation and Report 

The period of field investigation covered by this report 

extEtnded from May, 1954t through October, 1955. 

Field observations covered the following activities: 

( l) det'enn:ining the amount of water applied on sample fields for 
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the six major irrigated crops of the Delta Lowlands; (2) collect~ 

ing surface water samples from drains and from Delta channels 

for mineral analyses; and (3) observing specific conductance of 

surface waters in drains and in Delta channels. Office studies 

included: (1) determining the quantity of waters applied to the 

Delta Lowlands; (2) determining from specific conductance obser

vations the concentration of dissolved minerals in surface waters 

in drains and in Delta channels; and (4) the quantitative net 

degradation of water in.Delta channels by saline drainage water 

from the Delta lands was determined from observed data giving both 

the quality and the quantity of water applied to and drained from 

those lands. 

This report is divided into six parts: (1) Introduction, 

(2} Water Applied to Irrigated Crops of the Delta Lowlands, (3) 

Water Drained from the Delta Lowlands, (4) Water Supply and 

Disposal, (5) Quality of Water, and (6) Summary and Conclusions, 

.... 6 .... 
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PART II - WATER APPLIED TO IRRIGATED CROPS 
OF THE DELTA LOWLANDS 

This section deals with the determination of the amounts 

of water applied on the six major irrigated crops of the Delta 

Lowlands. The term "ap}'lied water" as used in this report refers 

only to that water which is diverted from channels by pumps or 

siphons and generally delivered for irrigation use in the immedi

ate vicinity, 

Irrigation Practices 

Irrigation practices throughout the Delta. Lowlands vary 

with the crop, soil type, depth to water table, quality of channel 

water available, and the irrigator's past experience and judgment. 

In the areas o.f' highly organic soilt subirl:"igation is 

used extensively. In this method temporary ditches, spaced about 

30 feet apart and approximately 6 inches wide and 12 to 18 inches 

deep, are used to distribute the water through the fields. Rais

ing the water level in the ditches by means of control structures 

causes horizontal movement of water through the soil resulting in 

subirrigation of the crops. 

In the moderately organic and in the mineral soilst row 

·: crops are generally irrigated by the use of furrow-.type irrigation. 

lfalfa and pasture a:re generally irrigated by the use of st:rip

eok irrigation. Sprinkler irrigation is used on many highe-r

evation mineral and organic soil areas in the Delta both for its 

~ ..... ---~eficial leaching effects as well as for the better control over 

water than can be achieved in. furrow irrigation. 

-7-
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Most irrigation takes place in the late Spring and 

Summer. However, some irrigators apply a large quantity of water 

in the early Spring before planting to increase the moisture 

content of the soil in the expectation of early seed germination, 

The increase in salinity of the channel waters during 

the summer period causes some farm operators in the western 

portion of the Delta to cease irrigation during that period because 

of the deleterious effects of applying highly-saline water to crops. 

Waters are applied in the fall and winter seasons primarily to 

leach accumulated salts from the soils. 

Some irrigators divert waters to their lands during the 

summer in excess of their requirements because ample water is 

available at practically no additional cost to them. Water con .... 

servation would be enhanced if more careful use of water were 

practiced. 

,Soil Txpes 

A division of the Delta by soil types was estimated 

from data on soil maps embracing the Delta area compiled jointly 

by the United States Department of Agriculture and University of 

California. For purposes of this investigation the agricultural 

lands in the Delta area were divided, as shown on Plate 1, into 

three soil types: (1) north mineral, (2} middle organic, and (3) 

south mineral. These types cover approximately 121,000 acres, 

192,000 acres, and 61,000 acres respectively. These acreages comprise, 
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respectively, about 33 per cent, 51 per cent, and 16 per cent 

' of the total Delta Lowlands area developed for agricultural 

purposes. 

Land Use 

A comprehensive land-use survey was made in 1955 by the 

State Division of Water Resources, the results of which are 

detailed in that Division's report titled usacramento River and 

Sacramento-San Joaquin Delta, Trial Water Distribution 1955, 

Summary Report of Datan. A summary from that report is shown 

in Table 1, For purposes of this investigation t.he areas of the 

exterior water surface and of the islands in the channels were 

excluded, leaving an area of 419,439 acres considered as the 

"Delta Lowlands". 

Crops Investigated 

As shown in Table 1 the seven major crops grown in 1955 

on the Delta Lowlands were: (1) asparagus, (2) field corn) (3) 

alfalfa, '( 4) sugar beets, ( 5) tomatoes, ( 6) P.astu:re, and ( 7) milo. 

Table 2 herein shows the irrigated acreages and the percentage 

of total irrigated area for each of the seven major crops and 

for all other crops as a single value. 

Unit Application of Water 

Quantities of water applied were estimated by measure

ments on six of the seven irrigated major crops in the Delta area 

in 38 sample fields totaling 3t369 acres. Locations of these 

-9-
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fields are shown on Plate 1. Each of these 38 sample fields was 

investigated separately and records of applied-water quantities 

were obtained. The fields were selected as typifying the soil, 

irrigation practices, and crops grown on each of the three soil 

types in the Delta Lowlands. As ·expected, irrigation practices, 

soil types in the Delta, and varying amounts of seepage, resulted 

in varying amounts of water applied to the irrigated crops. The 

length of the irrigation season also varied, for different crops, 

from one to eight months. 

Although this investigation started in May, 1954, 

quantities of water applied to the sample fields earlier in the 

year were estimated from data on power consumption and/or from 

water users• records. 

The unit applied .... water factor for the seventh major 

crop, milo, was estimated from other available data.. The esti

mated applied water during the irrigation season for milo 1 as 

determined from experiments by the University of California at 

Davis, is 1.0 acre-foot per acre. Data in the Division of Water 

Resources report "San Joaquin County Investigationn indicates 

that 0.7 acre~foot per acre was applied to an 80-acre test plot 

of milo. For purposes of this present report, 1.0 acre-foot per 

acre was used as the applied-water factor for milo for the entire 

Delta area. No measurements were made for certain major crops 
I 

in each of the three soil-type areas because of (1) lack of 

cooperation by farmers in granting permission'.to make the ·measure

ments or in keeping the necessary recorda and (2) inability to 
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find an area encompassing only the one crop and containing a 

distribution system that would permit determination of the quan~ 

tity of water applied to that crop. Therefore, values for such 

major crops were assumed to approximate the values for those 

crops in comparable areas for which actual applied water measure

ments were made, 

The subdivision unit numbers referred to in tables 

described subsequently in this report designate subdivisions of 

the Sacramento-San Joaquin Delta of which the Delta Lowlands 

encompass all or part o.f all o.f the units except numbers 1, 4 and 

5. The locations of the units are shown on Plate 2. 

Major Oro'QS on North Mineral.Soils. Monthly and 

seasonal applications of water to crops of the north mineral 

soils area are shown in Table 3. The depths of applied~water 

during the irrigation season for five of the major crops were: 

field corn~ 1.5 feet; alfalfa, 2.3 feet; sugar beets, 1.9 feet; 

tomatoes, 2.5 feet; and pasture, 2.2 feet. 

The Division of Water Resources in its report "Putah 

Creek Cone Investigation, December 1955u, determined certain 

applied-water factors on areas at the northern edge of the Delta. 

The weighted mean value of applied water for pasture reported 

therein was 3.9 acre-feet per acre, based upon a 430-acre area. 

This value was considered a reasonable applied-water factor for 

pasture and it was used in this report because the sample field 

for pasture in the present investigation, due to its small size 

of only .five acres, was not considered representative of that oro}:\ 

-ll-
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A value of 0.7 acre~f~ot per acre for asparagus as 

determined for the south mineral soils area, was also used for 

the north mineral soils area. 

Major Crops on Middle Organic Soils. Monthly and season

al applicat·ions of water to crops of the middle organic soils area 

are shown in Table 4, The depths of applied-water during the 

irrigation season for four of the maj.or crops were: asparagus, 

1.4 feet; field corn, ).6 feet; sugar beets, 3.3 feet; and 

tomatoes, 3.4 feet. 

A value of 2.3 acre-feet per acre for alfalfa, as 

determined for the north mineral soils area, was assumed to 

approximate the unit quantity of water applied to alfalfa in the 

middle organic soils area. 

A value of 3.9 acre-feet per acre for pasture~ as deM 

termined for the north mineral soils area, was assumed as the 

unit quantity of water applied to pasture in the middle organic 

soils area. 

Ma.ior Crops on South Minel"al Soils. Monthly and season

al applications of water to crops or the south mineral soils area 

are shown in Table 5. The depths of applied-water during the 

irrigation season for the six major crops were: asparagus, 0.? 

foot; field corn, 1.5 feet; alfalfa, 4.2 feet; sugar beets, 3.7 

feet; tomatoes, 2.6 feet; and pasture, 8,2 feet. 
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The applied-water values for two sample plots for 

pasture indicated an excessive annual use of water (over 10 acre

fe~t per acre) as compared to the other two plots. The Division 

of Water Resources in its report "San Joaquin County Investigatic.nf 

June 1955", determined the weighted mean applied-water value for 

pasture on areas at the southeast edge of the Delta to be 4.5 

acre-£eet per acre as based upon a 240-acre area. However, for 

purposes of this report, the weighted average of 4.8 acre-feet 

per acre for the remaining two sample plots of pasture in Unit 27, 

as shot~ in Table 5, was used as the applied-water factor for 

pasture in the south mineral soils area. 

Minor Qrgps. To determine the total quantity of irri

gation water applied to the Delta Lowlands during the irrigation 

season, it was necessary to estimate unit applied~water values for 

the minor irrigated crops. This was done by calculating the 

weighted average unit depth of water applied to the major irr.i-

gated crops in each of the aoil~type areas. These values for the 

north minera~ middle organic> and south mineral soils areas are 

2.1, 2.3 and 2.4 acre-feet pe~ acre, respectively. These weighted 

averages were multiplied by their respective soil-type areas; 

these quantities were then used as the estimated amount of water 

applied to the minor crops for inclusion in the evaluation of 

total water applied to the Lowlands. 

Total Applied Water 

The total seasonal amounts of applied water on irrigated 

crops of the Delta Lowlands were determined from the 1955 land-use 

survey data and the unit applied-water values described heretofore. 

-13-



RECIRC2646.

The total seasonal applications by soil type and by 

crop and the totals for the Delta Lowlands are shown in Table 6. 

The total irrigation seasonal use of applied water for the Delta 

Lowlands amounted to about 6;6,000 acre-feet or an average of 2.25 

acre-feet per irrigated acre. 

The monthly distribution of applied irrigation water 

was calculated for each of the aforesaid subdivisions from its 

crop pattern and applicable monthly applied-wate~ values. Table 7 

shows the monthly distribution of applied irrigation water by 

units, monthly percentages of seasonal totals, and monthly average 

unit applied-water values in acre~feet per acre. The monthly 

distribution of seasonal applied-water values varied from one per 

cent each in March and October to a maximum of )) per cent 

(about 216~000 acre-feet) in July. 

Waters Applied for Leaching Purposes 

Water is applied to the Delta Lowlands for leaching 

excess salts from the soil, thereby lowering the salinity of the 

soil solution in the root zone. As will be shown hereinafter, 

evidence indicates that the concentration of salts in the soil 

increases during the summer s·eason. These salts must subsequently 

be removed from the soils, otherwise the increasing saline con

centration would accumulate and adversely affect plant growth. 

Leaching waters are usually applied during the fall and 

winter months. No attempt was made during this investigation to 

determine the quantity of water applied for leaching purposes 

-14-



RECIRC2646.

because of the wide variations in leaching practices and because 

of the relative unimportance on channel demands of leaching 

water requirements since ample water of good quality is usually 

available during the late fall and winter seasons. 

Precipitation 

Precipitation, although not part of the "applied water" 

as considered in this report, does affect month by month the 

irrigation and leaching practices, and the quantities and qualit~ 

of drainage water as will be discussed later. 

Data shown in Table 8 from the United States Weather 

Bureau Reports titled "Climatological Data, California" for the 

seven weather stations in and near the Delta, a:re considered 

representative of precipitation on the Delta. The average rain

fall for the Delta Lowlands is assumed to be the arithmetic 

average of precipitation at those seven stations, Table 8 also 

shows the monthly rainfall at these stations for the period Me.y 1 

1954, through October, 1955, and the monthly average for the Delt~ 

Monthly total quantities of precipitation on the Delta 

Lowlands, estimated by multiplying the aforesaid average depths 

of precipitation by the 419,439 acres of the Delta Lowlands 

are given in Table 9. The total precipitation for the March 

through October irrigation season in 1955 amounted to about 

150,000 acre-feet. 

-15-
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PART III - WATERS DRAINED FROM THE 
DELTA LOWLANDS 

Concurrent with the observations of water applied for 

irrigation in the Delta Lowlands, observations were made to 

determine the quantities of waters drained from those lands. 

Permission was secured from property owners to test and rate 

their drainage pumping plants and to secure their power consump

tion records. These data were used to calculate the water 

quantities pumped from the interior drain canals into the tidal 

channels. 

Drainage Practice! 

In general, each island or tract in the Delta Lowlands 

has one or more drainage systems wherein the drainage waters 

first enter small drainage ditches leading to larger main drains 

a.nd then terminate at the pumping plants. These plants, usually 

float-actuated between predetermined water levels in the main 

drains, pump water intermittently from the main drains into the 

contiguous channels. 

o#1nage pumps used in the Delta vary in combinations 

of the following types and sizes: 3- to 50-inch discharge pipe, 

3- to 500-horsepower motor, horizontally or vertically mounted, 

double or single suction centr.ifugal type, mixed-flow or axial

flow propeller type, direct or belt connected to gasoline or 

diesel internal combustion engine or to an electric motor. The 

most common drainage~pump installation in the Delta area is a 30 

to 75 horsepower, direct connected, electric-motor driven, axial
flow propeller-type pump. 

-16 .... 
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guantity of Drainage Water Pumped 

The quantity of drainage water pumped from 82 per cent 

of the area in the Delta Lowlands for the period May, 1954, 

through October, 1955, by means of 162 pumping plants involving 

255 pumps, was determined from pump test data and power consump

tion records. For the same period, drainage pumped by 64 pumps 

at 44 pumping plants servicing 16 per cent of the Delta Lowlands, 

was estimated by assuming that the plant rating factors were 

similar to comparable measured installations or by correlation 

with drainage-per-acre values in adjacent areas. The remaining 

2 per cent of the area covers lands either drained by gravity or 

urbanized, and their drainage contributions were estimated by 

correlation with drainage~per-acre values in adjacent areas. 

Table 10 shows the combined measured and estimated 

monthly total drainage from each subdivision unit within the 

Delta Lowlands and the monthly average unit drainage in acre .... feet 

per acre. During the period of investigation the monthly total 

drainage varied from a low of about )0,000 acre-feet in October, 

1955, to a maximum of approximately 96,000 acre-feet in January, 

1955. 

The average monthly unit drainage values in acre~feet 

per acre are shown graphically on Plates 3, 4 and 5 for three 

periods: May through October, 1954; November, 195l.,) through 

February, 1955; and March through October, 1955. A comparison of 

the$e three plates indicates that the average monthly drainage in 

-17-
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the Delta during the winter is greater than during the other 

seasons as indicated by the small area during the winter from 

which drainage was between zero and 0.10 acre-feet per acre per 

month. This increase is due to a combination of greater 

precipitation and lower consumptive use demands at that time. 

Also during the winter a noticeable increase occurred in the area 

from which drainage was between 0.31 and 0.60 acre-foot per acre 

per month. It may also be noted that certain areas in the 

northern and southern parts of the Delta show the results of high 

irrigation efficiency and minor soopage problems since the drainage 

from those areas remained in the zero to 0.10 acre-foot per acre 

per month category throughout the entire period of investigation. 

The higher elevation of those lands compared to lands in the 

central portion of the Delta probably accounts for the lesser 

seepage. 
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PART IV - WATER SUPPLY AND DISPOSAL 

The water supply to islands of the Delta Lowlands con

sists of (1) applied irrigation water) (2) subsurface inflow, and 

(3) precipitation. Water dispoaal consists of (1) drainage water, 

and (2) consumptive use. Ground water storage changes account for 

any imbalance between supply and disposal. Of the foregoing 

items, applied irrigation wate~ precipitation> and drainage have 

been discussed and evaluated heretofore. This chapter presents 

an evaluation of consumptive use and a derivation of subsurface 

inflow under assumptions as to ground water storage changes. 

Consumptive Use 

The monthly total quantities of consumptive use o£ water 

were taken from the Division of Water Resources report titled 

"Sacramento River and Sacramento-San Joaquin Delta Trial Water 

Distribution 1955~ Summary Report of Data". These quantities 

were derived by multiplying 1955 crop acreages by appropriate 

unit consumptive use values. Monthly consumptive use quantities 

within the Delta Lowlands are shown in Table 11 of this report. 

It will be noted that these values variea from about 22,000 

acre-feet in January, 1955, to about 211,000 acre-feet in August, 

1955. Of the annual consumptive use requirements of 1,160,000 

acre-feet, about 1,036,000 acre-feet were consumed during the 

March through October irrigation season. 

-19-
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Subsurface Inflo~ 

Subsurface inflow to islands of the Delta Lowlands 

was derived by means of the hydrologic equation. This equation 

provides that inflow to an area must equal disposal therefrom 

plus or minus changes in ground water storage. The measurable 

and estimable sources of water supply are the applied irrigation 

water and precipitation. The measurable and estimable water 

disposal consists of return drainage water and consumptive use. 

The unknown and practically unmeasurable terms in the hydrologic 

equations pertaining to Delta islands are (1) ground water storage 

changes, (2) contribution to the islands by seepage from contigu

ous channels, and/or (3) rising water from deep-seated and remote 

sources. Items 2 and 3 are discussed together herein as sub

surface inflow. 

The measurable and estimable values of water supply 

and disposal in the Delta Lowlands are presented in Table 12, 

which summarizes data. presented heretofore. As shown, the partial 

water supply during the March through October, 1955, period 

consisted of about 805,000 acre-feet of applied irrigation water 

and of precipitation. During that period, water disposal consist

ed of approximately 1,45.3,000 acre-feet of drainage and of 

consumptive use. Therefore, during this period the excess of 

water disposal over the measurable water supply was approximately 

648,000 acre-feet. Because of the irrigation and drainage 

praotioes in the Delta area, it properly may be assumed that the 

ground-water storage change during the March through October 

-20-
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, p 'eriod is comparatively insignificant. Therefore 1 it is concluded 

that the 648,000 acre-feet is indicative, during that period, of 

the magnitude of subsurface inflow. 

The data presented in Table 12 are shown graphically 

on Plate 6. In this plate, for each month, the total measurable 

water supply is shown on the right side of the double column and 

the water disposal on the left side of the double column. It is 

to be noted that no applied irrigation water values were deter

mined for the months of November, 1954, through February, 1955, 

In spite of this omission, an inspection of the plate shows that, 

except for the month of December, 1954, the water disposal exceed~ 

ed the measurable and estimable water supply in every month dur-. 

ing the 18-month period from May 1 195Lr, through October, 1955, 

indicating subsurface inflow. 

-21-
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PART V - QUALITY OF WATER 

An inspection of water analyses from the files of the 

Division of Water Resources shows that generally the quality of 

Delta channel water becomes progressively poorer as the water 

moves from the northern to the southern part of the Delta, that 

is, from the Sacramento River toward the Tracy Pumping Plant 

of the Central Valley Project. One possible cause of this de

gradation is the effect of sea-water intrusion, which effect is 

discussed in Report No, 5 in this series of reports on the 

Sacramento-San Joaquin Delta. 

Another possible source of the degradation is the salt 

contributed to the channels by the drainage waters from the Delta 

islands. To evaluate this possibility the salt contribution to 

the Delta channels was determined from observations and computaM 

tions involving the qualities and quantities of waters applied to 

and drained from the Delta Lowlands. The quantities of those 

waters have been discussed and presented heretofore. 

Quality 9£ Applied Water 

The quality of applied water was determined in the field 

from specific-conductance data collected at random tide phases 

at 62 sampling points in the Delta channels at approximately six

week intervals during 18 continuous months of 1954 and 1955. At 

22 of these sampling points, water samples were also collected at 

J .... month intervals; and subjected to complete mineral analyaea. 

Correlations were determined between spe,oific conductance of the 
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water and the sum of concentrations of mineral constituents in 

parts per million (ppm). By interpolation; a monthly average 

concentration was determined for the water at each sampling 

point. These monthly concentrations and the monthly applied

water quantities for each- subdivision unit were used to determine 

the monthly tons of salt in the irrigation water applied to each 

unit of the Delta Lowlands. These monthly quantities 1 as well as 

values for tons-per-irrigated acre, are shown in Table 13. The 

monthly total salts in applied irrigation water varied from a 

minimum of about 2,100 tons in March, 1955, to a maximum of 

approximately 70,000 tons during August, 1954, Since no applied" 

water values were determined for the period November, 1954, J 

through February, 1955, no salt tonnages are shown for those 

months~ However, it is to be noted that water applied for leach· 

ing during this period of winter runoff from the Central Valley, 

would have been of generally good quality, 

The monthly average quality o£ applied irrigation water 

within each subdivision unit was determined as an arithmetical 

average of the monthly water qualities at all of the sampling 

points within that unit. Table 14 shows that these values ranged 

from 70 ppm in Unit 27 during May, 1954, to about 1 1800 ppm in 

Unit 14 during August, 1955. Also shown in this table are the 

weighted monthly averages for the entire Delta as computed from 

data in Table 13. These averages ranged from 86 ppm in May,l954, 

to 300 ppm in August, 1954. Since applied--water values were not 

determined for the period November 1 1954, through February, 1955, 

no weighted averages for that period could be calculated. 

-23-
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The data in Tables 13 and 14 involve only the salt 

content of applied surface water. They do not concern the salt 

in water entering the islands by seepage from channels or from 

other sources. Although the quality of such additional supplies 

is uncertain, it is indicated in Reports No. 2 and 3 that the 

ground water inflow to Nedford and McDonald Islands was largely 

channel water. Available data are not sufficient at this time to 

indicate whether or not this is true for the Delta Lowlands as 

a whole. However, if for purposes of a rough approximation, it 

is hypothesized that the rate of ground water inflow to the islanoo 

of the Delta Lowlands is constant, and that the quality of such 

inflow equals the approximate Delta-wide ave:rage annual quality 

of channel waters of about 260 ppm, about .33,000 tons of salt 

per month in addition to those amounts shown in Table 13 would 

enter such islands, 

An inspection of the average concentrations of applied 

water in Table 14 indicates that peak concentrations of salts in 

the channels occur in the late summer months. Evidence presented 

in Report No. 5 shows that this condition is due largely to sea

water incursion caused by a combination of high consumptive use, 

including high water ..... su:rface evaporation losses, and by the 

relatively low fresh-water inflow to the Delta. at that time. 

Quality of Drainage Waters 

The quality of water drained from the Delta Lowlands was 

determined in a manner similar to that described in preceding 

section under the heading, nquality of Applied Watern. Specific 

-24-
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conuuctance field measurements at approximately six-week intervals 

were made of the drainage water at 196 sampling points. Water 

samples were also collected at 24 of these points at approximately 

three-month intervals and subjected to complete mineral analyses. 

The estimated quantities of drainage water, presented heretofore, 

and the drainage-water qualities were used to determine the amount 

of salt discharged at pumping plants in each unit. Table 15 shows 

the estimated monthly salt tonnage discharged to the channels 

within each unit and the monthly total discharge in tons-per-acre 

for the Delta Lowlands as a whole. The total salt tonnage dis

charged in the drainage water during the 18~month period varied 

from a minimum of about 19,000 tons in October, 1955, to a 

maximum of approximately 113,000 tons in January, 1955. 

The data in Table 15 were converted to show, in Table 16, 

the weighted average concentration of drainage wate:r in each sub .... 

division unit and for the entire Delta Lowlands area. Total dis

solved solids in drainage water varied from about 120 ppm in 

June, 1955, in Unit 3 to about 1,600 ppm in February, 1955, in 

Unit 17. The Delta average ranged between about 300 ppm in June, 

1954, to 865 ppm in January, 1955. An inspection of Table .16 

indicates that the average concentration of the drainage water 

remains comparatively constant between May and October. During 

this period in each year, the concentration increased from about 

300 to approximately 475 ppm. 

Values of average monthly salt discharge in tons-per

acre from the Delta Lowlands are shown graphically on Plates 7, S, 
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and 9 for three periods: May through October, 1954~ November, 

1954> through February, 1955~ and March through October, 1955. 

An inspection of these plates indicates that there was a larger 

area contributing high tonnages of salt per-acre-per-month during 

the winter than during other seasons. This is shown by the large 

areas in the categories of 0.21 to 0.50, and 0.51 to 0.80 tons

per-acre-per-month of salt removed during the winter months. 

Channel-Water Degradation by Drainage Water. An in

spection of the data shown in Tables 13 and 15 :reveals that during 

swnmer months salt inflow to Delta LO\'Ilands islands exceeds salt 

drainage therefrom. This is true even without taking into account 

the relatively large amounts of salt carried by subsurface inflow 

to the islands mentioned heretofore, and salts introduced by 

fertilization and other agricultural practices. In other months 

of the year) salt removal exceeds salt inflow. Thus the Delta 

lands act as a salt reservoir by first storing some of the salts 

that enter the islands during the summer and then by releasing 

those salts during the winter through leaching and/or drainage of 

precipitation. This indicates that agricultural practices within 

the Delta Lowlands during the summer, when the problem of water 

quality there is most critical, do not degrade good quality 

Sacramento River water as it moves through the Delta to the 

Tracy Pumping Plant but rather enhances its quality by removing 

a portion of its salt content. In the winter months, when the 

accumulated surplus salts are dischal"ged to the channels, there is 

usually sufficient surplus flow through the Delta to dilute and 

to carry out to the ocean the leached salts. However, it should 
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be noted that the p~eceding statement applied to conditions as of 

1954-55. Any additional upstream regulation or a "dry" year, such 

as 1924 or 1931, will decrease the winter flows through the Delta 

to the extent that leached salts may not be completely removed 

from the area. These findings are important and are the first 

available demonstrated conclusions relating to Delta channel 

water degradation by drainage waters, 
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PART VI - SUMMARY AND CONCLUSION 

As a result of field investigation and analysis of 

other available data and on the basis of the estimates and assump

tions discussed hereinbefore, the following summary and conclusion 

are presented: 

~urnmarx 

1. The Delta Lowlands comprises the major portion of 

the Sacramento-San Joaquin Delta. The area., as shown on Plate 1, 

covers about 469,000 acres of which about 374,000 acres are de

veloped for agricultural purposes and of which about 292,000 acres 

were irrigated in 1955. 

2. Approximately 62 per cent of the Delta Lowlands was 

irrigated during the period o£ investigation, May, 1954, through 

October, 1955. The March through October seasonal demand for 

water applied to irrigated crops was approximately 656,000 acre~ 

feet, with the maximum, monthly demand o:f about 216.000 acre--feet 

occurring in July. These quantities were deter-mined (a.) from 

detailed investigations for the six irrigated major crops on )8 

sample fields totalling 3,.369 acres, and (b) from estimates for 

the other crops. 

). Monthly precipitation on the Delta Lowlands during 

the period of investigation varied from zero in summer months to 

about 128,000 acre-feet in December, 1954. The total precipitation 

during the period March through October, 1955, amounted to approxi

mately 150,000 acre-feet. 
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4. Drainage water, ~eturned monthly to the channels 

from the Delta Lowlands during the period of investigation, varied 

between approximately 30,000 acre-feet in October, 1955, and 

96,000 acre-feet in January, 1955. During the irrigation season 

the maximum drainage pumping occurred during July, 1954, and 

amounted to about 81,000 acre ... feet. During the period of March 

through October, 1955, the drainage amounted to approximately 

417,000 acre-feet. 

5. The estimated consumptive use in the Delta Lowlands 

during the period of investigation, baaed on the 1955 crop patter~ 

varied from approximately 22,000 acre-feet in January to about 

211,000 acre"feet in August. On that basis the annual consumptiv~ 

use requirements are approximately 1,160,000 acre~feet, of which 

1,036,000 acre-feet are consumed during the March through October 

irrigation season. 

6. During the March through October, 1955, irrigation 

season. the difference between the approximately 805,000 acre-.feet 

of water supply and the 1,453,000 acre~feet of water disposal, 

amounting to about 648,000 acre-feet of water must come from a 

combination of ground water storage changes (considered herein to 

be comparatively insignificant because of irrigation and drainage 

practices in the Delta) and from subsurface in.flow comprising seep

age. from contiguous channels and/or rising water from deepNseated 

and remote sources. 

7• The estimated quantity of salt in the irrigation 

water applied to the Delta Lowland.s during the irrigation season 
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varied from approximately 2~100 tons in March, 1955, to about 

70,000 tons in August, 1954, with a total of about 187,000 tons 

for the March-through-October season. The average concentration 

of total dissolved solids in applied irrigation water varied from 

about 100 to 300 ppm during that period. 

8. Under the hypothesis that subsurface inflow to the 

Delta Lowlands is constant and that the quality of such inflow 

equals the average annual quality of channel waters, roughly 

33,000 tons of salt per month would be introduced by subsurface 

inflow. 

9. The estimated amount of salt discharged in the 

drainage waters from the Delta Lowlands during the period of 

investigation varied from approximately 19,000 tons in October to 

about 113,000 tons in January, 1955, with a total of about 

248,000 tons for the March-through-October period. The average 

concentration of total dissolved solids in the drainage water 

varied from about ,300 ppm in June, 1954, to 865 ppm in January,l95.S 

Conclusion 

The Delta Lowlands act as a salt reservoir, storing 

salts obtained largely from the .channels during the summer, when 

water quality in such channels is most critical and returning such 

accwnulated salts to the channels during the winter when water 

quality there is least important. Therefore agricultural practicES 

in that area enhan~rather than degraded the good quality 

Sacramento River water enroute to the Tracy Pumping Plant. 
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TABLE l 

LAND USE - DELTA LOWLANDS - 1955 

Pasture 

Sudan • . . . . • . • • • 522 

Miscellaneous • . . . 22,475 

Alfalfa. • . • . • . . • 34,481 

Rice • • . • . . " 2,103 

Field Crops 

Beans • • • • • . • • ' .. 420 

Field Corn • • • • ' • 4? J 557 

Milo. • • • • - • . • ' 20,972 

Grain & Hay . • • • • 79,709 

Pea. a . • . ' • • ' 97 

Safflower. • • • . • . . 770 

Sunflower •••. ' . ' 2,204 

Sugar Beets • , • • 30,181 

Truck Crops 

Asparagus • . • • • • 80,.325 

Celery • , • • • • • 1, 083 

Onions • • • • • ' • 1,193 

Potatoes . . . . 8,539 

Tomatoes • - • • • • 30,099 

Seed & Misoellaneoua • 31192 

In acres 

Fruit & Nuts • . . . . . . I . 5,141 

Grape a . . • t • . ' . • • • • 110 

Native Vegetation 

rJueh • • • . • • I • • I • . 897 

Medium • , . , . . . 
Dey • • • • • • • ' ' • • . •· 3 '116 

Fallnw & Bare ' ' • . • • .. • • 1,360 

Idle Crop Land. • • . • I I • • 1,103 

Duck Ponds . . ' . . • . . • ' 20.3 

Urban • • • • • ' ' • t • • • 6, 914 

Tule & Swamp • • • 1 • • • • • 4, 581 

Levee & Berm t t • I t • ~ t 16,616 

Interior Water SUrface • • • , 5> 282 

SUbtotal • • · • • • • 419.,4.39 

Exterior Water Surface• • • • 42,168 

Islands in Channels ~ • • • • 2· 02Z 

Total • • ~ · • • • • 468,634 
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Cro12 

Asparagus • • . . 
Field Corn • ' • 

Alfalfa • . . • " 

Sugar Beets • • " 

Tomatoes ' • ' • 

Pasture • • ' • 

Milo • • ' • • 
All others • • • 

Total • • 

TABLE 2 

IRRIGATED CROPS 
DELTA LOWLANDS, 19 55 

Area in 
. a.crea 

. . • I . t • • 80,325 • 

. • ' • t • • • 47,557 . 

. . • . • . t • 34,4$1 • 

• • • • • • • t 30,1$1 . 

• • • 4 • • • • 30,099 . 

• • . • • • • • 22,997 • 

• • - . • • • • 20,972 ' 

• • . • • • • ' -.?.2.022 . 

• • ' f • f ' • 291,667 • 

Per cent .Qf: 
total 

irrigated 
area 

. ' • • f • 28 

' t • • • ' 16 

t ' ' ' 
,. 

' 12 

• • t • • t lO 

t • ' . . • lO 

• • . • • • a 

• • . 4 • • 7 

• " • • I .__;;_ 

• • • ' • ,100 
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TABlE 3 

WATER '10 CERTAIN IRRIGATED CROPS DT.JR.Im. 1954 
~.t.=..s•.a. IDWLANDS - NORTH MINERAL SOIL 

Depth per month - in inches 
Sample fi.eld~ 

Crop Unit acreage April :May June July August September October Total 

Field corn 19 14 n.s ;.8 17.6 

Weighted mean depth: l?.6n {~.5 1 ) 

Al.falfa 6 87 1.9 3 .. 9 3.8 5.5 4.5 l.l;. 0.6 21.6 
6 55 8 .. 4 8 .. 0 6 .. 5 9.4 lO.O 42-3 

19 l4 1 .. 5 3.7 3-5 3.5 2.0 14.2 
Total 136 

Weighted mean depth: 28'.2n (2.3 1 ) 

Sugar Beets 6 45 4.7 11.2 16 .. 5 32.4 
6 44 2.7 7.5 7.0 2.2 19.4 
7 ~ 6.1 .5.1 1.9 13.1 

Total. 121 
Weighted mean depth: 22.6n (1.91) 

TClllatoeS 6 45 19.0 S.l. 15.5 5.0 47.6 
6 31 2.3 2.4 2 .. .5 3.5 10.7 
7 20 10.7 8.8 3.4 22.9 

Total. 102 
Weighted mean depth: 29.4" (2.5') 

Pasture 19 5 n.g 5.01 5.3 I J.S l 25.9 

Weighted :mean depth: 25. 9" (2.21 ) 
-- --
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Crop Unit 

Asparagus 25 
16 

Total 

Field Corn 20 
24 
24 
16 

Total 

Sugar Beets 20 
22 

Total 

Tanatoes 20 
18 

I 
Tutal 

-

TABLE 4 

WATER APPLIED TO CERTAIN IRRIGATED CROPS DURING 1954 
DELTA LOWLANDS -MIDDLE ORGANIC SOIL 

Sample field Depth per month - in inches 
acreage May JUlle July August September 

774 4.7 4-7 5 .. 8 6.4 2.7 
7213 0.7 0.9 14.1 547 

1,502 
Weighted mean depth: 16.6n (1.4 t) 

85 ].6.9 
75 30.9 30.9 
90 34.7 29.3 
~ 10.5 6.2 7.6 6 .. 0 

328 
Weighted mean depth: 43.3" (3 .. 61 ) 

ll5.5 5.2 ~0.2 12.6 8.7 3.9 
35.3 25.7 7.9 

150.8 
Weighted :nBan depth: 39.0Jt (3.3 t) 

54.5 1..2 I 4.1 
102.0 25.9 19.8 1.4.2 
l56.5 

Weighted mean depth: 40. 9ff (3.41 ) 
- --------~-------- -----

Total 

2.4.3 
8.4 

l 

16.9 
61.8 i 

64.0 
30.3 

l 

1.,.0.6 
33.6 

I 
5.3 

59-9 
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Crop Unit 

Asparagus 24 

Field tit.rn 2.4 

, Al:falfa 24 
24 
25 
26 
27 
Zl 
27 
Zl 

Total. 

Sugar Beets 24 

Tomatoes 24 
24 

Total 

Pasture 26 
2:7 
Zl 
Z7 

Total 

TABLE 5 

WATER APPLIED TO CERTAIN IRRIGATED COOPS DURING 1954 
DELTA IDWLANDS- SOUTH MINERAL SOIL 

Sample field 
Depth per month - in inches 

acreage Jan. Feb. Mar. Apr. May jJune July Aug. Sept. 
. 

f 7.9 6S 
Weighted mean depth: 7. 9tt ( 0. 7 1 ) 

75 l I I 4.21 ?.ol 4.6l1.s 
Weighted mean depth: 17.611 (l. 51 ) 

22.0 lO.l 5.8 18.6 6 .. 3 6.0 
53.0 11.0 9.7 . 14.5 6.1 6.4 
88.5- 4.0 1.4 10.4 4.7 0.3 
32.0 28.9 34.1 26 .. 2 33.0 
31.0 ll.2 10.6 6.9 5 .. 7 9.5 
31.0 5.0 5.1 5.8 9.0 5.2 10 .. 2 5.3 
32.8 8.5 11.4 9.2 13.0 10.2 ll.5 
23:2. l.O 7.1 5.6 8.0 13.3 12.3 2.5 

.322.8 
~mean depth: 50.4n (4.2') 

76 I 4.41 4.4! ?.?t 1o.6l13 .. 2 I 4.7 
Weighted mean depth: 45.0" (3. 71 ) 

55 2.3 ll.S 16.8 2.5 
68 6.4 4.3 7.2 ll.1 

123 
Weighted mean depth: 31.on (2 .. 6') 

40.0 28.8 34.2 26.1 33.0 
62.,3 5.6 5.1 18.4 21.2 17.0 26.7 12.6 16.5 
32.8 $.5 ll.4 9.2 13.0 10.2 ll.5 
32.5 l.O 7.1 5.6 8.0 13.3 12.3 2.5 

167.b 
Weighted lnean depth: 98. 7" ( 8.21 

) 

Oct. Total 

7.9 

17.6 

46.8 
47.7 
20.8 

122.2 
8.8 52.7 
6.3 51.9 
0.4 64.2 

49.8 

45.0 

33.4 
29.0 I 

I 
I 

I 
l 

122.1 i 4-3 l27 .. 4 
0.4 64.2 I 49.8 

I 
I 
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TABLE 6 

IRRIGATION ~ USE OF APPLIED. WA.TER - DELTA LO:w.tJUIDS - 1954 

! Irrigated Area Seasonal Applied Water Seasonal. Applied Water 

I in Acres Acre-feet/acre Acre-.feet 
I ! "J.:Ot:.a.L 

North Biddle South North 1fi.ddle South North Middle 1 South .for 
Mineral. Organic Mineral Mineral. Organic Mineral. Mineral Organic :V.dneral Delta 

Crop Soils Soils Soils Tctal Sells Soils Soils Soils Soils Soils ~Lold.ands 

Asparagus 6,f!78 53,096 20,351 80.,325 0.7 1.4 0.7 4.,820 74,330 14.,250 93,400 

Corn 13,681 30,342 3.,534 47.,557 1.5 3 .. 6 1.5 20.,520 109,230 5,300 135,050 

Alfalfa 14,081 9,478 10,922 34,481 2.3 2.3 4.2 32,390 21,800 45-870 100,060 

Sugar Beet: 20,514 8_,573 1,094 307181' 1.9 3 .. 3 3-7 38,900 28,290 4.,050 71,320 

Tomatoes 13,284 9.1899 6,916 .30,099 2.5 3.4 2 .. 6 33,210 33,66o 17,980 84.,850 

Pasture 13,266 2,82:/ 6,844 22,997 3-9 3.9 4.8 51,740 ll,260 32,850 95,850 

Milo 8,189 10,194 2,589 20,972 1.0 1.0 1.0 8,.190 10,190 2,590 20,970 

All other 
54.,410 1 CroPS 17,483 5,041. ~,611 25,055 2.1 2 .. 3 2.4 36,550 11,590 6,270 

Total lf!l,296 129,510 54,861 291,667 226_,400 300,350 ~ 129,160 655:~910 

Weighted 2.ll 2.32 2.35 2.25 
average 
acre-:reet 
per acre 

'-· --·--·-........ ~-
i 
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TABLE 7 

MONTHLY DISTRIBUTION OF APPLIED WATER TO IRRIGATED CROPS 
DELTA LOWLANDS 

1954 
In a.ore-i'eet 

Irri-
gated Season-
a~e- ~ 

Und:b age Me.roh April May June July Aug. Sept. Oct. rrotal 

2 

~ 
7 
8 

' 9 
10 
11 
12 
13 

fl4 , 15 
I 16 
I 17 \18 
~ 19 
~ 20 
I 21 
1 22 
' 23 
t 24 

25 
26 
27 

5394 
4074 

24900 
6025 

16518 
7779 
8447 

11142 
12916 
1041.3 

4319 
1:3445 
13598 

6130 
12792 
1294.3 
165.34 
10666 
14465 
19812 
24156 
25912 

651 
86,36 

Total 291667 
Per 

110 
ao 

510 
130 
360 
190 
150 
280 
320 
290 
90 

400 
.330 
110 
350 
330 
400 
210 
270 
.350 
500 
530 
20 

250 

460 
.320 

2040 
500 

1450 
760 
600 

1110 
1290 
1150 

370 
1580 
1340 

4.30 
1410 
1300 
161.0 

820 
1080 
1410 
2010 
2120 

90 
990 

790 ! 2040 
560 1430 

.3570 9180 
870 2240 

2550 6540 
13.30 .3430 
1060 2710 
1940 5000 
2260 5810 
2010 5160 
650 1670 

2770 71.30 
2.330 6000 

760 1950 
2480 6370 
2280 ;860 
2810 7230 
1440 .3690 
1890 4860 
2460 6.330 
3520 9060 
:3700 95.30 
150 400 

1730 4440 

3?30 
2630 

16$20 
4090 

11990 
6290 
4980 
9170 

lo660 
9460 
3Cfl0 

1.3070 
11000 
3580 

11680 
10740 
13260 
6770 
8910 

11610 
16600 
17460 

730 
8150 

2940 
2070 

13250 
32.30 
9450 
4960 
3920 
7220 
$400 
7450 
2420 

10300 
8660 
2820 
9200 
$470 

10440 
5340 
7020 
9150 

JJ080 
1)760 

570 
6420 

6560 26240 45910 i1a060 216450 170540 

ll30 
790 

5100 
1240 
.3640 
1910 
1510 
2780 
:32.30 
2£!70 
930 

.3960 

.3.3.30 
1080 
.3540 
3250 
4020 
2050 
2700 
3520 
50.30 
5290 
220 

2470 

65590 

110 11,310 
so 7960 I 

510 50980 1 

130 12430 
360 36340 I 
190 19060 i 
150 15080 ' 
280 27780 
320 32290 I 

290 2S680 
90 9290 

400 .39610 
330 33)20 
110 10840 
350 35380 
330 32560 
400 40170 
210 20530 
270 27000 
350 35180 
;oo 50300 
530 52920 
20 2200 

250 24700 

6560 655910 

oent of' 
seasonal 
total l.O 4.0 7,0 18,0 )).0 26.0 10.0 1.0 100 ! 

Average 
acre
feet 
per 
a. ere 

l 

0. 23 0. 02 2 • 2 5 ; 
I 
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TABLE 8 

AVERAGE PRECIPITATION lN SACRAMENTO-SAN JOAQUIN DELTA 

In inches 
I 1954 1955 

Station May 1 June' JUl.J Aug. I ::>ep't. Uc't. !.Nov. Dec. ·Jan. Feb.;.Mar.! Apr. *Ma3r ~uneiJ~ Aug 1 Sept., Oct. 

Antioch 0.39 0.05 0 0 0 0.02 1.53 3-44 2.59 1.26 0.92 1.40 0.74 0 0 0 0 ... 03 O.l.5 

Benson's 
Ferry o.46 o.o1 0 0.02 0 0.01 2.43 3.92 2.28 1.14 0.40 2.24 0.47 0 0 0 0.44 0 .. 33 

Darl.s 0 .. 16 0 .. 16 0 O.ot08 0 0 2.98 3.91 2.68 1.24 0.40 2 .. 17 0.64 0 0 0 0.92 0.44 

Lodi 0.26 o.oo 0 0.04 0 O.Ol 2 .. 34 4 .. 32 3 .. 40 1..39 0 .. 17 3.09 0.51 0 0 0 1.10 0.13 

Sacra-
men to 0.21 0 0 0.35 0 0.02 3.35 4-93 3.14 1.33 0.37 2.75 0.67 o.o !'- 0 a 0 .. 95 0.57 

Stock-
ton 0.28 0.40 0 0 0 0 2 .. 23 3.19 3.84 l.Q3 0.57 2.3B 1.02 0 0 0 0.01 0.12 

Tracy 0.37 0.42 0 0 0 0 1.45 1.85 2.94 0.77 1.91 l.l2 0 .. 83 () 0 0 0 0.03 

AVERAGE O.JO 0.16 0 0.07 0 0.01 2.33 3 .. 65 12.98 1.17 0.68 2.16 0.70 0 0 0 0.49 0.25 
~--------~~------------

L_ ____________________________ ~ ---
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1954 

May • • • . • 
June • . • • t • 

July • • • • • " 

August • . . . • 
September. I • • 

October . • • . 
November 

December . , • • 

TABLE 9 

PRECIPITATION ON DELTA LOWLANDS 

In acre ... feet 

10486 January • 

5593 February I 

0 March ' ' 

2447 April • • 

0 May . II . 
350 June • • . 

81441 July • • • 

121',79 August • • 

September. 

October. • 

1955 

• • . 104161 

• ' . t 40895 

• . • • 23768 

• • . . 75499 

. • • • 24467 

• • • • 0 

• • • . 0 

• • • • 0 

i . ' • l.7127 

• • • • 8738 
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TA.BLE 10 

DRAINAGE FBDM DELTA LOWLANDS 

In acre-feet 
I954 I 1955 

UnitLAcreagef Ka.yj Jun~ JUlY r-Ang. I Sept.J. Oct. l-Nov .. I Dec. I Jan.l Feb. I har .. I Apr .. t May }June !July !Aug. jSept. !Oct. 

2 ll202 45 (h 0 0 0 179 0 672 582 90 0 90 0 0 0 0 0 134 
.3 5465 639 552 662 .526 234 147 225 3~ 594 558 475 403 541 401 667 573 299 43 
6 330Zl 617 388 339 299 359 358 1480 254l 2944 2159 771 401 293 235 314 269 227 320 
1 751.0 510 117 104 60 64 44 183 379 669 367 221. 229 259 189 214 120 122 59 
g 22103 41.26 2984 2227 ·.2935 299? 3932 2867 1917 1046 1086 1752 201.8 2354 3267 3817 2830 24ll 1577 
9~~~~~~~~~~~~~~~~~~~ 

10 llo67 395 865 1057 975 350 261 313 486 637 352 245 443 535 757 W/4 860 624 450 
11 14365 1620 1697 1337 1350 770 530 753 1383 1516 865 637 S89 792 1349 1433 l4ll 591 Al-7 
12 16Fm 2408 31..44 3559 297l 1450 1029 1481 2916 .3105 1689 1690 2582 2171 3921 392:7 .3690 971 621 
13 . 1664.1 886 1529 2022 1602 357 459 .529 1288 1303 777 767 1081 964 1575 2.356 2022 1049 435 
u~~~~~~~~~~~~~~~~~%~ 
15 26424 2583 2463 3005 2f?r/9 2055 2957 342.5 4851 5721 2871 2182 2544 1001 2425 2805 3.398 2079 20.?~ 
16 18343 2114 2434 2321. 3181 '21.47 1521 lCf/6 2804 4008 1470 1041 1854 l7fY7 2457 2336 2044 18ll l5ll 
1.7 1.0191. 992 955 1379 1013 739 1159 ll85 3597 3198 1039 1291 1823 1585 1613 2000 1499 1153 603 
18 18504 4710 8676 051 8210 674S 6994 4025 5759 1.;836 2425 1942 1439 3509 560.3 0156 8081 3432 2884 
19 17917 25fYl 3IJ70 4636 43f.Yl 2688 1516 1268 Z/53 2454 l22l 826 1301 2618 3160 .3759 3282 1963 1275 
20 21302 5456 9197 0223 QUO 46Z7 4582 56:39 10209 14637 3840 2016 3533 652J.. 10456 ll726 11870 8521 35~5 
21. 14846 .3154 4000 5245 4705 2698 2691 3792 7388 7472 2:{65 1935 2350 3873 5340 5398 4576 3392 2175 
22 19357 ]2.368 5756 5252 42 8629 9306 8637 10635 3 7385 5127 3949 10734 1.6862 15557 12826 6142 5302 
23 24493 2396 3032 391.7 3259 1974 3790 35.14 9308 ll828 3229 2103 1843 2018 2481 20.56 281.8 1663 1981 
24 32Z79 2125 2500 2964 28.39 1849 2103 2795 89fY7 91.89 3410 2053 21.35 2355 2649 2862 2929 2285 1974 
25 33212 2335 a97 3713 2289 1237 892 971 3812 3678 2188 1958 2540 2233 2553 3574 3217 2o6a 922 
26 2Sl.O 96 131 144 149 99 88 .140 399 4l2 150 92 95 JJY7 133 155 153 ll3 93 
Zl 10148 669 627 1231 949 343 100 60 195 264 127 311 722 1$7 584 948 1209 588 114 

To- I • tal 4l9439 55719 17 537j85731~9~141960 j324l9j37628j49Sl3j710S4j806o6j72170 j43116j30017j 
-:;rr-
~t o.il:3 _:>_:J.Z Lo.l9l_ ?:l7J o.ll I o.nl o.uj o.2D)_ o.23j_ O-JPI o.oeL~·09! o.~J.2LO.l~L o.Tt_~:_l?Lo~.lol 0.01 1 
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January . • 
February, • 

March .. . i 

April . I . 
May 

' • ' • 

June. t ' .. 

TABLE ll 

CONSUMPTIVE USE REQfJJ:REMENTS, DELTA LOWLANDS 

1955 

In a.ore-feet 

• • • 22,371 July. • . I • • • 

. • • 26,108 August. • . ' • 

• . • 35,001 September , • ~ • 

. • • 84,01.5 October • . t ' • 

' • • 129,609 Novembe:r. .. • 11 4 

• . • 1.36,679 December. • • • t 

Total , t i • 

• 191,744 

211,.339 

' 156,805 

' 91,609 

• 42,593 

' J2~2~2 

1,160,.32) 
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May June 

Water Supply 
Applied Water 45910 118060 
Precipitation 10486 5593 

Total. Water Supply 56396 123653 

~Water Disposal 
Drainage 557l9 70573 
Gonsumpti ve Use 129609 136679 

Total water Disposal 185328 2Cf7252 
---·---------~ 

. Jan. Feb .. 

Water Supply 
Applied Water - -
Preci.pitation 1041.61 40895 

Total. Water Supply ...,. -
Water Disposal. 

Drainage 95668 4196o 
Consumptive Use 22371 26108 

Total Water Disposal ll8039 6So68 

~ 

WATER SUPPLY AND DISPOSAL 
DELTA I.OWIJOO)S 
In acre-feet 

1954 
July Aug. Sept. 

216450 170540 65590 
0 2447 0 

216450 172987 65590 

80575 70057 44557 
191744 2ll339 156805 

272319 2821.96 201362 
----

1955 
Mar. Apr.,. May June 

6560 26240 45910 llS060 
23768 75499 24467 0 

30328 101739 70377 ].]15060 

32419 37628 49813 71084 
35001 8401.5 129609 136679 

67420 121.643 179~2 2fJ7763 
~ 

Oct. Nov. Dec. j 

6560 - -
350 81.441. 127579 

; 

6910 - - ' 

46817 46537 85731 
91164 42573 32915 

' 
137981 89110 ll8646 

July Aug. Sept. Oct. 

21..6450 170540 65590 6560 
0 0 171Z7 ff738 

216450 170540 82717 15298 

80606 72l70 43116 30017 
191744 2il339 156805 91164 

2723.50 283509 1 199921. l2llSl 
1 
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Irri-
gated 

Unit acreagE May June 

2 5394 97 433 
3 4Cil4 64 292 

66 24900 400 1824 
7 6025 91 439 
8 16518 250 1.032 
9 7779 166 957 

1.0 8447 133 553 
ll l.1l42 243 1.041 
12 12916 228 ll30 
13 10413 1S3 885 
1.4 4.319 74 643 
15 13M.5 290 J..U6 
16 1,3598 488 lo69 
17 6130 121 329 
l.8 lZ/92 256 1049 
19 12943 236 733 
20 16534 291 1426 
21 10666! 172 763 
22 14465l Z78 86o 
23 19812 t 328 l257 
24 241561 393 3143 
25 259121428 3Jo6 
26 651 i 15 lB4 
Zl S636 f 165 2767 
TotaL: 15398 27531 

1 Tonsj~c fJ .. U::.:: V ... Vi 

TABLE 1.3 

WEIGHT OF SALTS IN APPLIED IRRIGATION "WATER 
DELTA LOWLANDS 

In tons 

1954 1955 

July Aug. Sept. Oct .. Mar. Apr. 1-JAy June 

721 62S Z/5 1.6 14 43 ll8 3ll 
501. 456 184 12 10 33 81 214 

3044 2956 1180 82 67 241. 466 1.324 
718 721 Zl5 22 17 62 no 323 

2219 l85l 797 71 48 1.95 375 819 
1292 ll34 499 39 57 1.85 2S4 443 

811-0 S96 4Zl 34 49 158 212 391 
1634 16ll 7ff7 46 42 148 230 721 
1943 1840 760 52 42 156 .283 814 
1725 l8at. 687 49 40 142 222 737 
6249 4880 553 24 19 150 96 868 
5050 72E7 2031 121 126 374 471 1057 
3981 65Zl 1817 1.37 171 352 526 980 

935 1558 523 6:1 66 1.50 249 366 
2320 2666 891 67 70 224 307 936 
2133 1809 641. 59 52 1.6S 2.36 72h 
3067 3096 1Jl6 102 120 381 505 lZ79 
1796 1925 742 00 S8 300 460 884 
2170 2970 973 85 ll9 .332 4o6 92.6 
3001. 3797 1480 1.52 180 574 $70 1507 
6843 6068 26cf7 252 2M. 963 l?lO 3069 

8409 7844 3325 304 224 998 1782 3423 
339 ~ l31 12 7 37 74 132 

6221. 5031 2403 248 245 955 1368 3063 
671.51 !69642 25024 ZJ..Z7 2ll7 7321 ll44l 25313 
v.2j 'U.L4 U .. 09 O .. Ul U.Ul 0.03 J0-04 0.09 

July Aug .. SeptJ Oct .. 

650 616 268 15 
440 394 176 12 

Z"/00 2380 985 94 
645 554 212 26 

1860 1710 718 60 
1061 918 439 39 

820 725 333 33 
1447 l24B 609 59 
1.769 1463 725 58 
1647 1500 679 58 
3225 6137 1002 1t2 
4143 5115 1864 142 
3068 4795 1767 l4l 

818 ll89 494 49 
2225 2015 915 81 
1739 1.694 690 61 

. 2868 2500 1187 ll2 
1363 1482 725 81 
1915 2092 860 8.3 
2827 2$13 1178 ll9 
6098 4698 2l90 263 
7459 6047 2893 293 

29l5 250 ll7 1.4 
6709 4830 2302 251 

57794 57l65 23388 21.86. 

0.20 0.20 0.08 0.01 
' 
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Unit May June July 

2 90 1.56 142 
3 84 1.50 1.40 
6 84 ]46 133 
7 77 144. 129 
g 72 ll6 136 
9 92 205 151. 

10 92 150 124 
11 92 153 1.31 
12 74 143 134 
13 67 126 134 
14 84 283 P-496 
15 77 146 2S4 
16 1154 131 266 
17 ll7 l.24 l92 
18 76 121 146 
19 76 92 146 
20 76 145 170 
21 BS 152 195 
22 fl. OS 130 179 
23 98 146 190 
24 82 255 30.3 
25 85 255 354 
26 75 339 341 
27 70 458 561 
Wtd .. 
Avg~ 86 171 228 

1954 
Aug. Sept. 

157 179 
162 171 
164 170 
164 163 
144 161 
168 192 
168 208 
164 187 
161 173 
178 176 

1482 437 
520 377 
554 401 
406 356 
213 1S5 
157 145 
218 204 
265 266 
311 265 
305 .309 
341 381 
4l9 462 

TABLE 14 

AVERAGE QUALITY OF APPLIED WA.TER 
DELTA LOWLANDS 

Sum of the mineral .._- ~--· --- ·-----··~ ··- ---·-·· ~- ·- ... ·-·-

Oct .. Nov. Dec. Jan. Feb. Mar. Apr. May June 

105 65 109 99 ill 91 68 110 ll2 
106 82 ~ 89 ll3 88 75 106 llO 
ll8 96 9l. 85 100 96 err 96 1o6 
122 103 86 80 96 95 91 93 106 
144 94 80 85 113 98 99 108 92 
149 152 l.B5 202 219 220 179 157 95 
169 176 18.3 190 216 242 194 147 106 
122 108 102 95 102 109 98 F57 lo6 
119 9S 83 79 1ll 96 89 92 103 
124 99 ll4 132 126 102 91 81 105 
200 212 124 150 171 156 298 100 382 
222 197 247 284 266 231 174 125 109 
306 330 409 432 453 380 193 166 120 
406 504 480 458 509 443 257 24l 1.38 
141 128 139 168 164 146 ll? 91 108 
132 56 75 94 104 ll5 95 76 91 
187 197 168 158 195 221 174 132 130 
281 341 Zl5 2Zl 28.3 305 269 235 176 
231 299 299 297 321 324 226 158 140 
319 384 389 399 395 377 299 260 175 
370 367 3ll 265 335 359 352 357 249 
422 391 332 255 307 310 346 354 264 

228 364 242 

-
1955 
~Tu.Jy Aug. Sept. 

l2S 154 174 
123 .140 164 
ll8 132 1.42 
116 126 161 
114 133 1.45 
124 136 169 
l2l 136 162 
ll6 127 161 
122 128 165 
l2B 148 174 
772 P-864 792 
233 365 346 
205 407 390 
1.68 .310 3.36 
140 161 190 
~19 llt7 156 
159 176 217 
1.48 204 260 
158 21.9 2.34 
179 226 240 
Z70 264 320 
314 323 402 
300 323 392 370 436 449 336 ZZ1 1~ Z75 302 

576 7l5 730 810 ! 728 ,!613 6SS 72l f09 581 507 . 6o5 553 685 

300 280 2.38 I 237 205 183 l5S 1.96 246 262 
-·--·- -- - - --·- - - ...... _____ ,. t- __ ____i.,. ______ l __ -· 

Oct. Nov. 

100 ll9 
109 106 
136 130 
146 134 
123 ll3 
152 160 
163 165 
155 1.48 
133 122 
148 129 
344 343 
261 189 
.313 367 
.329 52.3 
170 159 
136 ll6 
206 203 
284 323 
225 261 
250 332 
3fr/ 439 
4o6 438 
500 522 
739 772 

245 
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1954 

TABLE 15 

WEIGHr OF SAUS m DRAINAGE WATER 
DELTA LOWLANDS 

In tons 

1955 
I 

Unit Acreage May June Ju1.j Aug.. ;sept~o Oct. Nov. Dec!'" Jan. Feb. Mar. , Apr. May June July Aug. Sept~ Oct. 

2 11202 47 0 0 0 0 1.95 0 782 677 96 0 82 0 0 0 0 0 ll2 
3 5465 210 199 201 129 73 59 69 138 210 18.3 126 100 95 65 1.32 125 74 8 
6 330Zl 194 108 6o 67 99 143 794 2023 2286 2CJ76 786 301 104 72 50 52 49 ll6 
7 7510 157 52 37 24 26 20 102 248 439 263 170 16o 147 8.3 8.5 42 46 30 
s~~~~~~~~~~~m~~~~~~m 
9 16085 556 731 772 1012 734 482 5l2 824 721J. 297 4B2 992 365 537 498 647 42.7 340 

10 11067 192 4ll 3rt Z[l llO 92 115 241 399 237 170 299 286 410 236 200 1.53 135 
ll 1.4.365 381. 385 301 377 236 157 367 966 1067 578 404 497 269 460 2B6 357 167 l29 
12 1~ 708 923 900 966 480 346 498 l54C 2ll2 1045 906 1245 864 1565 1275 ll35 314 235 
13 16641 362 79B 542 555 155 208 3ll ll06 1138 585 495 593 40S 512 696 724 489 . 214 

~=~===~=~==~==~=~~~~ 16 18343 1121 1343 l4o6 3112 2129 1452 1391 4400 5800 2510 1966 2026 1243 1574 150.3 1555 1433 1203 
17 1.0191. 883 814 ll62 960 781 .1286 1572 6423 5662 2.284 2159 .3500 2293 13rt/ 1436 ll.48 1014 615 
re~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~w 
20 21302 3264 499($ 4$23 6347 3491 3531 5150 ~?Ml 19485 5251 275l 4732 5523 8032 6505 7016 7544 3138 
21 14846 1288 1596 2Cfl0 2233 1657 2028 2:778 7489 9865 2750 1362 1651 2235 2343 2195 1801 1566 1320 
22 19357 .3025 3727 4708 6408 38.15 3663 4251 7863 ll986 6086 3447 2109 3753 5317 5385 4816 2304 2365 
23 24493 lJ.44 ll92 1647 1~30 907 1796 1865 675~ 1.5843 3542 1.647 lZ74 1153 1200 ll75 1033 612 84.6 
24 32879 1365 1.548 1878 1852 1.329 1591 2690 11.0325 11369 439.3 2590 2569 2507 1907 1676 1765 1351 2128 
25 33212 1501 1451. 2337 1602 894 658 69l 3789 4086 2234 1758 2295 2109 2288 2839 2525 1784 763 
26 281.0 63 80 96 98 66 73 l2l 4561 513 192 ll8 1.20 ll9 95 83 86 66 91 
Zl 10].4S 5.38 534 1253 1075 383 ll2 u 1381 243 ll5 290 826 52.3 632 935 1342 709 131 \ 

~~ 14l94.39 2:3129 ~.?4: ~4924f?9.335 ~- ~~?1? -~310<? ~3~;; ~~906 ~~- ~4429 129615 136046 136266 ~48ll 125823 ~9398 
t~~l, ___ 0 .. 0§_0-f!J I 0.98 9-Q9 ___ Q ... 06 1 o .. o6 _ _!?.08_ 0.2 __ 0.?7 ____ o.ll 0.08 _9 .. ~ 0.07 t 0~?9_._ 0.<?2_ 0~~ 0.06 _ 0 .. 05 
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l954 

TABLE 16 

AVERAGE QUALITY OF DRAINAGE WATER 
DELTA LOWLANDS 

Sum o:f mineral constituents in parts per million 

Unitt May June July Aug. Sept. Oct. Nov. 1 Dec. Jan. Feb .. Mar. Apr. MaylJune July Aug. 

2 f76S 0 0 0 0 801 0 855 855 784 0 670 0 0 0 0 0 614 
3 1 242 265 223 180 229 295 225 262 260 241 195 197 129 ll9 145 160 182 137 
6 1231 205 130 165 203 294 394 585 571 707 749 552 261. 225 ll7 l42 159 266 
7 226 3Zl 261 294 299 334 410 481 482 52:7 565 514 41.7 323 292 257 277 374 
g l9l 2CI7 2ll 234 226 205 197 314 287 .393 383 337 215 l83 176 2l5 244 26l 
9 330 330 274 357 361 372 5U 619 633 S66 8S3 690 362 30.3 260 289 294 352 

10 357 349 2:76 204 231 259 270 364 460 495 510 496 393 398 198 178 180 220 
11 173 167 165 205 225 2lS 358 513 517 491 466 4ll 250 251 147 186 208 227 
l2 ! 216 216 186 239 243 247 247 388 .500 455 394 354 29.3 293 239 226 238 278 
13 1300 _3g4. . . 197 255 319 333 432 631 642 553 474 403 3ll 239 2l7 263 343 362 
14 t478 571 9Z7 lll39 905 6.58 784 1012 ll95 1195 lil23 937 6S9 699 855 1023 $31 982 
15 • 468 444 428 666 715 707 802 978 990 lJf/5 988 905 528 536 454 560 739 683 
16 i 390 406 445 719 729 702 950 ll55 lo64 1255 tl.388 003 535 471 473 559 582 585 
17 654 626 619 697 777 816 975 1312 1301 1616 1229 l4ll 1063 596 52S 563 646 750 
18 21.0 212 196 308 285 274 467 609 621 672 647 524 255 286 194 230 292 307 
19 2:76 28.3 .382 357 320 475 664 741 'm 912 767 580 25~r 2:]9 258 294 319 372 
20 t 440 399 347 448 555 566 671 ff!O 978 1005 1003 984 623 565 408 434 651 658 
21 f 3CJ 293 290 349 451 554 538 745 970 731 517 516 424 322 299 289 339 446 
22 11180 ·. 174 2ZI 364 32 .. ; 289 362 543. 690 606 494 393 2. 57 232 254 'Z{6 276 328 

. 351 289 )09 3W 338 348 390 533 984 806 576 50S 420 356 420 269 Z/0 314 
f 472 4SS 466 479 528 ';6 7C11 8;2 9!1J 947 9Z1 884 782 529 430 443 435 792 

f
. 4?2 J.SS sl4 s:n 542 523 131 s11 750 660 659 584 577 b34 608 
. 482 449 141 483 490 610 635 ~ EY.O 915 j 943 928 817 525 394 413 429 ·,- 719 

'21 1m 62h 174B 833 m 1 823 ~ l 520 •• on J M5 84l I 789 795 , :25 a1o. ~ .. ~. 
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1.0 Project Objectives/Purpose Of And Need For Action 

1.1 Introduction 

This chapter discusses the project objectives, as called for by the California Environmental Quality 
Act (CEQA), and the purpose of and the need for the action, as called for by the National 
Environmental Policy Act (NEPA). The chapter also includes a discussion of how the December 
15, 1994, State-federal accord on fish and wildlife protection is treated in this Draft EIRIEIS. 

In this document, the proposed project and alternatives are analyzed under the EPA-developed 
guidelines for Section 404 (b) (1) of the Clean Water Act. The full Section 404(b )( 1) analysis is 
found in Appendix 1. 

1.2 Project Objectives/Purpose 

The Department of Water Resources (DWR), the Bureau of Reclamation (Reclamation), and the 
Corps of Engineers (Corps) have identified the following two project objectives or purposes: 

• Improve water levels and circulation in south Delta channels for local agricultural 
diversions; and 

• Improve south Delta hydraulic conditions to increase diversion into Clifton Comt 
Forebay and maximize the frequency of full pumping capacity at Banks Pumping 
Plant. 

These project objectives or purposes were developed following consultation between the three 
agencies. They reflect these agencies' goals with respect to the proposed Interim South Delta 
Program (ISDP). 

1.3 Need For Action 

DWR and Reclamation have identified two needs for the proposed action (see Figure 1-1 ): 

• The need to improve water levels and circulation in south Delta channels for local 
agricultural diversions; and 

• The need to utilize full pumping capacity at Banks Pumping Plant. A description 
of each of these needs follows. 

1.3.1 Need To Improve Water Levels And Circulation In South Delta Channels For 
Local Agricultural Diversions 

Water conditions in the south Delta area are influenced in varying degrees by natural tidal 
fluctuation; San Joaquin River flow and quality; local agricultural drainage water; Central Valley 
Project (CVP) and State Water Project (SWP) expott pumping; local diversions; inadequate 
channel capacity; and regulatory constraints. These factors affect water levels and 
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Figure 1-1. Interim South Delta Program Site Location Map 
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availability at some local diversion points. When the CVP and SWP are exporting water, water 
levels in local channels can be drawn down. Also, diverging and converging flows can occur in 
some channels. In some areas net flows over a complete tidal cycle approach zero. If local 
agricultural drainage water is pumped into the channels where circulation is poor, such as shallow, 
stagnant, or dead-end channels, water quality can be affected. Channels that are too shallow and 
narrow also restrict flow and the volume of water available for export pumping. 

Problems associated with diverting water from south Delta channels prompted a series of actions 
and agreements to address the problems. The first action occurred during the 1976-77 drought, 
when DWR installed a temporary rock barrier in Old River to improve water conditions in the south 
Delta. Additional actions and agreements include a lawsuit filed by the South Delta Water Agency, 
modifications to Tom Paine Slough, a Joint Powers Agreement, a Frame\vork Agreement, and a 
draft settlement agreement. A discussion of those actions and agreements follows. 

• South Delta Water Agency Lawsuit 

South Delta Water Agency is a public agency formed for entering into contracts with the United 
States and the State of California to protect the water supply of lands within the agency from 
salinity intmsion and to assure a dependable water supply for lands within the SDWA. Water for 
lands within SDWA boundaries is supplied almost exclusively from Delta channels. In July 1982, 
SDWA filed a lawsuit over the effects of SWP and CVP operations on the south Delta. The suit 
sought a declaration of the rights of the parties as well as preliminary and permanent injunctions 
requiring that the projects be operated to protect the south Delta. SDWA alleged that: (1) CVP 
operations on the San Joaquin River, primarily Friant Dam, unlawfully reduce the quantity and 
degrade the quality of water flowing in the San Joaquin River to the south Delta; (2) SWP and CVP 
pumping operations violate SOW A rights by lowering water levels, reversing flows, and 
diminishing the influence of the tides; and (3) the Secretary of the Interior's designation of the 
Stanislaus River basin for allocation of water from New Melones Reservoir violates SOW A rights 
by not including the south Delta in the basin. 

DWR is involved in the suit only because of the potential effects of the SWP and CVP pumps on 
south Delta water levels and circulation. The other issues involve only Reclamation. 

• Tom Paine Slough Modifications 

In May 1984, SDWA complained of low water levels in Tom Paine Slough. DWR responded by 
installing three stage recorders on Tom Paine Slough: one below the tidal control structure, one 
above the structure, and one near the southern end of the slough. 

In March 1985, SOW A again complained about low water levels, claiming difficulty in getting 
sufficient water into Tom Paine Slough to meet irrigation needs. In response, DWR made 
soundings along the slough and found high spots in the channel bottom above and below the tidal 
control structure. DWR also repaired the gates, which were functioning improperly, and removed a 
small amount of sediment from around the control structure. However, in July 1985, SDW A 
claimed that water levels in both Tom Paine Slough and southern Middle River were so low that 
adequate irrigation was impossible and crops were being lost. Emergency efforts concentrated on 
Tom Paine Slough, where DWR installed three portable pumps to provide water supply. Also, 
Clifton Court Forebay gate operation was modified to improve water levels in channels. 
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In September 1985, 0\VR signed a Jetter of intent with SOW A describing conditions in south Delta 
channels and setting forth the agencies' responsibilities to develop a permanent solution for the 
water level and circulation concerns affecting SOW A. 

• Joint Powers Agreement 

In June 1986, DWR signed a joint powers agreement with SDWA regarding interim mitigation in 
SDWA channels. This agreement provided for dredging Tom Paine Slough (completed in October 
1986), constructing a seasonal low rock weir in Middle River (completed in May 1987), 
constructing siphons in Tom Paine Slough (completed in June 1989), and developing intake gate 
operation criteria for Clifton Court Forebay that eliminate diversions during the low-low tide. All 
appropriate permits and certifications required under regulatory and legislative acts were acquired. 

• Framework Agreement 

In October 1986, DWR, Reclamation, and SDW A entered into an agreement to provide a 
framework to settle the SDWA lawsuit. All three parties agreed to work together to develop 
mutually acceptable, long-term solutions to the water supply concerns of water users within 
SDW A. To facilitate negotiations, the parties agreed to a stay of all actions in the litigation. 

• Draft Settlement Agreement 

In 1990, DWR, Reclamation and SDW A agreed to a draft settlement to the 1982 lawsuit by SDW A 
against DWR and Reclamation. In a September 17, 1991, election 97 percent of the voters in the 
SDWA service area approved the agreement. The agencies are now working to get Congressional 
approval for Reclamation to sign the agreement. 

The draft agreement focuses on short-term and long-term actions to resolve the water supply 
problems in the south Delta. It provides for interim releases by Reclamation from New Melones to 
resolve the portion of the litigation relating to San Joaquin River flows and sets forth the framework 
for Reclamation and SDWA to negotiate an amendment to the agreement. It also includes 
provisions to test and construct barrier facilities in cet1ain south Delta channels. Those facilities 
would improve channel water levels and provide agricultural water supply of adequate quantity and 
quality for water users along portions of Old River, Middle River, and Grant Line Canal that lie 
within SDW A boundaries. 

The barriers testing program, referred to as the South Delta Temporary Barriers Project, was 
initiated in 1991. Its objectives are the short-term improvement of water conditions for the south 
Delta and the development of data for the design of permanent barriers. The program involves the 
seasonal installation of four barriers: one in Middle River, two in Old River, and one in Grant Line 
Canal. Three of the barriers are designed to improve water levels and circulation for agricultural 
diversions; they are to be in place during the growing season. Of those, the temporary barrier on 
Middle River was installed in 1992, 1993, and 1994; and the temporary barrier in Old River near 
Tracy, east of Delta Mendota Canal, was installed in 1991, 1992, 1993, and 1994. The temporary 
barrier in Grant Line Canal is being delayed until surveying and engineering studies are completed. 
The fourth barrier, in Old River at the San Joaquin River, is designed to assist fish migration on the 
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San Joaquin River. This barrier has been installed during the fall for many years. The Temporary 
Barriers Project is investigating installing the barrier in the spring to assist out-migrating salmon. It 
was installed during spring 1992 and 1994 but was not installed in 1993 due to the possibility of 
high San Joaquin River flows and concems about delta smelt. 

Long-term actions to resolve water supply problems in south Delta are proposed through the 
Interim South Delta Program. DWR and Reclamation, through the Interim South Delta Program, 
are proposing the installation of permanent barriers to improve water levels and circulation in the 
south Delta. Barriers will be designed and operated according to information developed by the 
Temporary Barriers Project. 

1.3.2 Need To Utilize Full Pumping Capacity At Banks Pumping Plant 

• State Water Project Service Area Needs 

Twenty-nine public agencies have long-term water supply contracts with the S\VP. Those contracts 
contain water delivery schedules reflecting the increasing water needs in the SWP service areas 
through 2035. In most cases, SWP water supplements other imported or local supplies in the 
individual service areas. Of the total 4.2 MAF entitlements under SWP contracts, 2.9 MAF is for 
municipal and industrial use, and I .3 MAF is for agricultural use. 

Califomia's population is projected to increase by I 5 million people between 1990 and 2020. 
About half of this increase is expected to occur within the South Coast region, a major portion of 
the SWP service area. Average-year water supply demands for this area are projected to increase 
1.5 MAF by 2020. The estimated increase and supporting studies have been presented in Bulletin 
160-93. 

• State Water Project Water Supply Delivery Capability 

Dependable water supplies from the SWP are currently estimated at about 2.9 and 1.9 MAF per 
year for average and drought conditions respectively. Some of this water comes from Lake 
Oroville on the Feather River; the majority is developed from excess flows in the Sacramento-San 
Joaquin Delta. As SWP contract entitlements increase, without new facilities the capability of the 
SWP to meet its contractual entitlements decreases gradually with time. The ability of the SWP to 
develop additional water supply also diminishes as non-SWP water use within the area of origin 
increases. (Areas where water originates have the right to use the water reasonably required to 
supply its beneficial needs.) 

Water needs for the SWP service areas now exceed the delivery capability of existing SWP 
facilities. Because augmenting SWP yield through new construction has been delayed, DWR has 
been examining operation strategies to improve average annual delivery capability for the existing 
facilities. Although currently regulated by State Water Resources Control Board (SWRCB) 
Decision 1485 standards, DWR is voluntarily meeting the requirements of the 1994 Bay-Delta 
Accord. While operating to meet the requirements of the 1994 Bay-Delta Accord, the year 2020 
delivery capability could increase to 3.2 MAF during an average year and 2.0 MAF during a 
drought year. (See Section 1.4, Treatment of December 15 State-federal Accord, for a further 
discussion of the 1994 Bay-Delta Accord and Section 2.4.2, Water Rights, for a further discussion 
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