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Water Use 

The following is a list of all water purveyors in Sacramento County. Those 
distributing only surface water or a mixture of surface water and ground water 
are noted; all others distribute ground water. 

Publicly Operated: 

Arcade County Water Distric~/ 
Carmichael Irrigation Distric~/ 
Citrus Heights Irrigation Distric~ 
City of Sacramento2/ 
City of Galt 
City of Folso~/ 
Clay Water District 
County Maintenance Districts 

Arcade Oaks Terrace Water M.D. 
Arden Park Bluffs M.D.~/ 
Arden Park Vista Water M.D. 
Southwest Tract Water M.D.2I 
Valley Hi Greens Water M.D. 

Del Paso Manor County Water District 
Elk Grove Water Works 
Fair Oaks Irrigation Distric~/ 
Florin County Water District 
Galt County Water District 
Galt Irrigation District 
Northridge Park County Water District 
Omochumnes-Hartnell Water Distric~ 
Rio Linda County Water District 
San Juan Suburban Wa ter :Jistrict2/ 

Privately and Mutually Operated: 

Alex Brown Water Company 
Arvin Water Company 
Citizens Utilities Company of California 

Citizens Arden Company 
Citizens Suburban Company 
Isleton Water Company 
Lincoln Oaks Water Company 
Parkway Water Company 
Royal Oaks Water Company 

El Ranchito Mutual Water Company 
Fruitridge Vista Water Company 
Hood Improvement Water Company 
Locke Mutual Water Company 
Natomas Mutual Water Company~ 
Orangevale Mutual Water Company~/ 
Southern California Water Company 

Arden Water Service 
Cordova Water Service 

Tokay Park Water Company 
Walnut Grove Estate Water Company 

~/Distribute both surface water and ground water. 
~Distribute only surface water. 
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Unit Water Use 

Unit water use figures were developed for the five basic land use groupings at 
the beginning of the study. These groupings are on the basis of rooting depth of 
crops and were made for the ease of handling and computing the land use data for 
the nodal areas. These basic groups of crops and their avera~e unit applied water 
are listed in Table 11. 

The applied water figures are representative of irrigation practices in the 
Sacramento area and measured headgate deliveries of 2 million acre-feet of water 
to nearly 9,700 land parcels comprising 820,000 acres. The data cover a span of 
four or more years, with the latest year 1969. 

Future municipal and industrial water requirements are usually based on unit per 
capita water use and popUlation projections. There are many possible sources to 
obtain this information. The Department has determined unit per capita water use 
for many areas of the State, including Sacramento County. With information 
gathered by this investigation, unit per capita water use figures were calculated 
for years 1961 through 1969. Table 12 lists these unit use figures, which range 
in value from 293 gallons per capita per day (gpcpd) to 377 gpcpd, with an 
average of 343 gpcpd. For estimating future water requirements, 340 gpcpd was 
used in this study. 

The per capita water-use figures included water used for many purposes other than 
domestic or industrial use. Some of these are flushing of sewers and hydrants, 
hydrant tapping for use of water on construction jobs, leakage in the system, and 
fire fighting. The foregoing may amount to 10 to 15 percent of the per capita 
use. Since these things which have occurred in the past most probably will occur 
again in the future, they should be included in the per capita water use figure. 

LAND USE 
GROUP 

A 

B 

C 

D 

E 

F 

G 

TABLE 11 

LAND USE GROUPS AND UNIT APPLIED WATER 

CROPS 

Beans, field, orchard, tomatoes 

Corn, pasture, alfalfa, sugar beets 

Truck, grain sorghum 

Safflower and grain 

Rice 

Native vegetation 

Urban 
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AVERAGE UNIT 
APPLIED WATER 

(Feet) 

2.5 

3.2 

1.8 

0.5 

7.8 



In DWR Bulletin 166-1, "Municipal and Industrial Water Use", August 1968, the 
reported per capita water use was 278 gpcpd in 1960. Using the average per capita 
water use of 343 gpcpd and the Bulletin 166-1 figure of 278 gpcpd, this increase ~ 
is over 23 percent. Projecting this increase into the future by decades, the 
1980 unit use will be over 400 gpcpd. This increase may be possible, but in the 
present period of environmental concern, it is difficult to justify •. As noted 
previously, the unit use of water is expected to level off or slightly decrease 
with smaller subdivision lots and a greater concentration of apartment complexes. 
It is anticipated that programs of public education on the more efficient use and 
the value of water and even greater use of metering may be necessary to stop the 
increase in per capita use. Also, with the issuance of stricter waste discharge 
requirements, it may become an economic necessity for industry to reclaim and 
reuse water .. 

Surface Water Diversions 

Surface water diversions for municipal purposes are listed in Table 13 by 
political subdivision. The City of Sacramento is the largest surface water pur­
veyor, using about 50 percent of the municipal diversions. Estimates of diversions 
for agricultural purposes are discussed along with pumpage. 

Pumpage 

To augment the agricultural pumpage data for 1967-69, agricultural pumpage esti­
mates were needed for years 1962 through 1966. These estimates were based on land 
use surveys. Straight line interpolations were made between the available land ~ 

use surveys of 1961 and 1968 to estimate the crop pattern for each of the years. 
It was assumed that crops along the Sacramento River were being irrigated from 
surface water. 

For the study, the various crops were placed into the seven crop groups based 
mainly on rooting depth of the crops (see Table11). In 1961 and 1968 there were 
180,623 acres and 186,759 acres, respectively, under irrigation in the Sacramento 
ground water basin model area, or about a 3 percent increase in irrigated agri­
culture. The dramatic increase was in urban land, from 63,097 acres in 1961 to 
93,384 acres in 1968, or a 48 percent increase. Most of the new urban acreage 
came from land previously classified as native vegetation. 

The computation of annual agricultural pumpage is shown in Table 14. An initial 
average water requirement is calculated as the product of the acreages for the 
various groupings and the appropriate unit water duty (Column 2, Table 14). The 
average ground water pumpage is calculated as the requirement not satisfied by 
surface water and is obtained by subtracting the sum of (1) average water require­
ment for the area assumed to be irrigated by Sacramento River water and 
(2) measured surface water diversions from the other streams in the County, from 
(3) the average water requirement. The final estimated ground water pumpages for 
the missing years 1962-66 were obtained by modifying the average ground water 
pumpages by a factor due to weather conditions. The weather modifying factors 
were based on the assumption that crops are normally irrigated about five times 
during the growing season. If it is a dry weather year an extra application must 
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TABLE 12 

ESTIMATED TOTAL AND PER CAPITA 
MUNICIPAL AND INDUSTRIAL USE 

Surface Water Municipal 
Diversion Pumpage 

Year Acre-Feet Acre-Feet 
(1) (2) 

1961 105,300 71,000 
1962 106,600 73,400 
1963 98,600 63,100 
1964 116,400 67,300 
1965 122,900 69,900 

1966 134,900 82,400 
1967 123,100 77,200 
1968 136,600 85,200 
1969 129,900 87,200 

Total Municipal 
and Industrial I 

Water Use l 
Year Acre-Feet 

(5) 

1961 195,100 
1962 199,200 
1963 179,100 
1964 203,500 
1965 213,500 

1966 240,700 
1967 221,800 
1968 246,600 
1969 240,500 

Average gallons per capita per day = 340 
II Summation of Columns 1 and 2 
2/ 10.7% of Column 3 
l/ Summation of 'Columns 3 and 4 

Surface Waterll 
Diversion and 

Pumpage 
Acre-Feet 

(3) 

176,300 
180,000 
161,700 
183,700 
192,800 

217,300 
200,300 
221,800 
217,100 

Population 
Served by Public 
& Private Water 

purveyors 
(6 

508,000 
526,000 
547,000 
558,000 
570,000 

577 ,000 
583,000 
585,000 
593,000 
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Self Produced!! 
Water by 

Private ComEanies 
(4) 

18,800 
19,200 
17,400 
19,800 
20,700 

23,400 
21,500 
24,800 
23,400 

Per Capita 
Water Use 

(SEdcE) 
(7) 

342 
338 
293 
326 
334 

372 
339 
377 
363 



be made; consequently the factor 6/5 or 1.2 is derived for a dry year. Conversely, 
during a wet year, one less application is made -- 4/5 or 0.8. 

Municipal pumpages for years 1961 through 1969 are shown in Table 15. These 
pumpage figures include those supplied by the various districts on request and 
pumpages estimated by power consumption records. The figures with footnotes have 
been estimated through correlation, that is, relating the pumpage of one district 
with that of another district. 

An example of this type of correlation is shown on Figure 25 for Arcade County 
Water District, Northridge Park County Water District, and Citizens Utilities 
Company. The Y-axis represents the annual pumpage of Arcade County Water District 
in thousands of acre-feet; the X-axis represents pumpage for Northridge Park 
County Water District and Citizens Utilities Company in thousands of acre-feet. 
After plotting the corresponding annual pumpages for the five years 1965 through 
1969, the correlative lines of best fit were drawn. The correlative equations 
are: 

Northridge P.C.W.D. -2,190 + 0.376 Arcade C.W.D. 

Citizens Utilities Co. = -6,360 + 0.832 Arcade C.W.D. 

where Arcade, Northridge, and Citizens Utilities annual pumpage are in acre-feet. 
These equations were used to estimate annual pumpages for from 1961 through 1964 
for Northridge P.C.W.D. and Citizens Utilities Co. 

The estimated pumpages for Mather and I1cClellan Air Force Bases were estimated by 
using their mean values. Because no relationship could be established between 
other districts that have records for the years 1961 to 1969 and the military 
bases, the mean values were used for the missing years. In cases such as these 
where no correlative relationship could be established, the mean of the values 
is the best estimate of the missing data. 

Figure 26 is a bar chart depicting the percentage of 1968 municipal and industrial 
pumpage by water purveyors in Sacramento County. Arcade County Water District is 
by far the biggest ground water user, with 23.9 percent, or almost one-quarter of 
total H&I ground water pumpage. The second largest user is Citizens Utilities, 
with 14.2 percent, followed closely by the City of Sacramento, with 13.8 percent. 
Hather and ~1cClellan Air Force Bases had a combined pumpage of 11.0 percent. 
Northridge Park County "later District is fifth largest ground water user, with 
7.4 percent, followed by Southern California Water Company (Cordova and Arden 
Water Service), with 7.0 percent. 

Annual Water Use 

Agricultural water use is 68 percent of the total water use in Sacramento County, 
or about 557,000 acre-feet annually during the study period 1962-1968. An average 
annual ground water pumpage of 250,900 acre-feet per year is 45 percent of the 
agricultural water use, with the remainder of the use being an annual surface 
water use of about 306,000 acre-feet per year. The total irrigated land in the 
County for 1968 is 177,616 acres, which includes 11,904 acres of rice. The 
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Cit~ of Sacramento 

Year];..! 
Sacramento American 

River River 

1961 41,940 

1962 41,230 

1963 44,424 

1964 37,536 18,770 

1965 30.075 31.489 

1966 33.168 32.864 

1967 31,177 30,375 

1968 35.357 30.311 

1969 34.590 30,380 

11 Data obtained froM Bulletin 

If Water year, October through 

TABLE 13 

MUNICIPAL SURFACE WATER DIVERSIONsY 
SACRAMENTO COUNTY 

(in Acre-Feet) 

Sanjuan 
Arcade Carmichael Suburban 
Water Irrigation City of Water 

District District Folsom District 

8,129 23,647 31,546 

8,311 25,420 31,666 

6,653 20,189 27,300 

7.694 20,966 31,409 

9,276 20,722 31,293 

9,557 24,983 34.342 

1,435 8,014 20.403 31.709 

2,139 9,779 21.361 36.015 

2.280 8.345 18,790 35,430 

130, except for Arcade Water District, which were 
September. 

Average 

TABLE 14 

ESTIMATED AGRICULTURAL PUHPAGE 
SACRAMENTO COUNTY, 1962-69 

(in Acre-Feet) 

Average 

State 
of 

California 

1.660 

1,674 

supplied by 

Calendar Average Water Surface Water Surface wate} Ground Wa t er Weather Modifying 
Irrigatio~./ Diversio~ Year Reguirement Pumease Factors 

1962 565,800 304,800 17 ,000 244,000 1.2 (Dry) 

1963 567,700 305,100 14.300 248,300 0.8 (Wet) 

1964 569.600 305,300 17,000 247,300 1.2 (Dry) 

1965 571,400 305.500 16,100 249,800 1.0 (Normal) 

1966 573.300 305,800 20.900 246,600 1.2 (Dry) 

1967 561.400 306,000 18.900 236,500 0.8 (Wet) 

1968 527.000 306,300 27.300 193,400 1.2 (Dry) 

1969 639,300 306,800 26,500 306,000 0.8 (Wet) 

al Estimated amounts from Sacramento River. 
bl American River, CO$umnes River. Mokelumne River, and Snodgrass Slough. 

"El Estimated by USGS from power consumption. 
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Total 
Municipal 

Surface Water 
Diversions 

105,300 

106,600 

98,600 

116,400 

122,900 

134.900 

123,100 

136,600 

129,900 

the District. 

Total Estimated 
Agricultural 

Puml2age 

293,000 

199,000 

297.000 

249.800 

296,000 

189,200~./ 

232,10o.~./ 

244.800£/ 



Rio Linda County 
Water District 

Citizens Utilities Co. 

Citrus Heights 
Irrigation District 

Arcade Water District 

Sacramento County 
Maintenance District 

Fruitridge Vista 
Water Company 

Del Paso Manor County 
Water District 

Northridge Park County 
Water District 

Elk Grove Water Works 

Mather AFB 

McClellan AFB 

Carmichael Irrigation 
District 

City of Sacramento 
South of American River 

City of Sacramento 
North of American River 

City of Sacramento 
Northgate 

Fair Oaks Irrigation 
District 

Arvin Water Company 

Arden Water Service 

Cordova Water Service 

Misce1laneouse 

Totalg 

TABLE 15 

, SACRAMENTO COUNTY 
ESTIMATED MUNICIPAL PUMPAGE IN ACRE-FEET 

1961 1962 1963 1964 1965 1966 1967 

670a 630a 650a 651 885 815 944 962 

7,200b 7,600b 7,030b 9,049 9,580 11,448 11,647 12,117 

1.670C 2,037 1,880 1,970 1,229 1,649 1,268 1,762 

16,277 16,766 16,108 18,878 18,848 22,101 19,269 20,346 

2,880b 3,020b 2,850b 3,540b 3,530b 4,350b 3,980b 4,300 

2.780d 2,830d 2,800d 2,721 2,890 3,279 3.060 3,137 

1,465 1,520 1,480 1,430 1.680 1,850 1,670 1,840 

3,940b 4,120b 3,880b 4,910b 4,900 5,930 5,540 6,250 

650 608 629 773 752 896 841 911 

4,OOOC 4,OOOc 4,000c 4,OOOc 3,499 4,114 3,855 4,460 

4,655C 4,668 4,592 4,390 4,585 4,467 

466 492 636 

12,000 13,300 4,750 455 445 660 670 

3,OOOa 2,OOOa 2,500a 4,000 5,820 7,850 7,970 

690d 830d 720d 1,450 1,080 1,190 970 

1,300d 1,320d l,310d 1,290d 1.380d 1,400d 1,377 

1,790d 1,880d 1,820d 1,780d 2,020 2,310 2,250 

490d 600d 520d 420d 910d 1,240d 889 

3,750d 3,900d 3,790d 3,660d 4,207 4,891 4,418 

1,400 1,400 1.400 1,400 1.400 1,400 1,400 

71,000 73,400 63,100 67,300 69,900 82,400 77,200 

4,936 

897 

700 

9,360 

1,730 

1,537 

2,470 

1,310 

4,689 

1.400 

85,200 

a - Correlated with Elk Grove 
b - Correlated with Arcade 
c - Estimated using mean value 
d - Correlated with Del Paso Manor 
e - Estimated pumpage for Del Paso and Northridge Golf and 

Country Clubs and Tokay Park Water Company 
f - Assumed values 
g - Rounded to the nearest hundred 
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1969 

939 

12,678 

1,557 

20,557 

4,440 

3,409 

1,920 

6,645 

975 

4,008 

4,948 

1,073 

580 

10,000 

1,730 

1,378 

2,660 

1,299 

4,994 

1,400 

87,200 
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Arcade County 
Water District 

Citizens Utilities 
Company 

City of Sacramento 

Military Bases 

Northridge Park 
County Water District 

Southern California 
Water Company 

Sacramento County 
Maintenance District 

Fruitridge Vista 
Water Company 

}\rvin Water Company 

Del Paso Manor 
County Water District 

Citrus Heights 
Irrigation District 

Fair Oaks 
Irrigation District 

OtlH.·rs 

_23.9% 

20,350 AF 

~14.2% 
12,100 AF 

~13.8% 
11 ,800 AF 

~11.0% 
8,960 AF 

~7.4% 
6,250 AF 

~7.0% 
6,000 AF 

~5.1% 
4,300 AF 

~ 3.7% 

3,140 AF 

~2.9% 
2,470 AF 

~ 2.2% 

i.,840 {,F 

~ 2.1% 
1,760 AF 

~ 1.8% 

1,540 AF 

~4.9% 
4, In AF 

Accumulated % 

23.9 

38.1 

41. 9 

62.9 

70.3 

77.3 

82.4 

86.1 

89.0 

91.2 

93.3 

95.1 

100.0 

Figure 26.1968 MUNICIPAL AND INDUSTRIAL PUMPAGE 
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average unit water use is about 3.1 acre-feet per year if the rice water require­
ment is included. If the above average rice water requirement is excluded, the 
unit water requirement is 2.8 acre-feet per year. 

Municipal and industrial water use is about 258,100 acre-feet per year, with 
ground water supplying 53.5 percent of the N&I use, or 138,000 acre-feet. 

Recharge 

Recharge to the ground water basin is derived from three major components -­
precipitation, applied water, and streamflow. Precipitation is the general term 
for all forms of moisture emanating from the clouds and falling to the ground. 
In Sacramento County precipitation usually occurs as rainfall. Once the rain 
hits the ground, it can evaporate, become streamflow, or infiltrate. 

Applied water is a general term for all forms of water applied by man to the 
ground to irrigate crops. In general, about 65 percent of all irrigation water 
is consumptively used by plants for vegetative growth. Thus, about 35 percent 
of all irrigation water is available for percolation, evaporation, runoff, etc. 
Depending on the soil, about 10 to 25 percent of the irrigation water infiltrates 
the ground water basin. 

Streamflow will usually recharge an underlying ground water basin. Since the 
ground water elevations throughout the County are lower than the stream water 
surface elevation, all the rivers and streams in the County should theoretically 
recharge the ground water body if no impervious surface impedes the downward flow 
path. Due to the tidal regimen of the lower portions of the main rivers, they 
cannot be gaged for outflow, and hence a direct measurement of total stream 
recharge within the study area is not possible. 

Recharge from Rain and Applied Water 

A soil moisture balance was used for computing unit deep percolation for each 
crop according to its potential evapotranspiration, rooting depth, and unit 
applied water. Applied water was adjusted for each year according to the index 
of wetness. Because this program calculated the unit deep percolation for indi­
vidual crops, a subsequent breakdown of Land Use Group A and Group B was made. 
Land Use Group A was divided into field, deciduous (orchard), and tomatoes, and 
Land Use Group B was divided into pasture, sugar beets, and corn. 

Data input required for the soil moisture balance program are: (1) potential 
evapotranspiration; (2) rainfall; (3) evaporation of rain on impervious soil; 
(4) evaporation of rain on pervious soil; (5) evaporation of irrigation water on 
pervious soil; (6) applied water; (7) rooting depth; (8) moisture per foot of 
soil; (9) irrigation efficiency; and (10) percent impervious area. 

In the foregoing list, the first six items required monthly data from October 
through April; during the growing season it is taken care of as a whole. The 
potential evapotranspiration data was based on Department Bulletin 132-2, 
"Vegetative Water Use", dated August 1967, and applied water data was based on 
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a Department Memorandum Report dated August 1970, "Irrigation Use and Practices 
in Central District". 

Average precipitation varies from 15 inches to 26 inches in Sacramento County. 
In order to take the precipitation variation into account, the study area was 
divided into four sectors -- northwest, northeast, southwest, and southeast --
as shown in Figure 27. Elkhorn Ferry, Represa, Central Valley Fish Hatchery, and 
Sloughhouse rain gages represent the northwest, northeast, southwest, and 
southeast, respectively. 

Different crops have different root depths and varying rooting depth is directly 
related to the ability of the plant to gather moisture from the soil profile. 
The computer program compares the available water from rainfall and irrigation 
against the water required for evapotranspiration and soil moisture deficiency. 
If there is any excess water on pervious land, it is considered to be deep perco­
lation. Percolation was computed by month during the rainy season, October 
through April. The growing season, May through September, was considered as a 
single unit. 

The unit values of deep percolation for various crops were checked and increased 
where necessary to include a minimum of 20 percent of the applied water. This 
was necessary to compensate for more of the irrigation water infiltrating at the 
beginning of the growing season due to shallow rooting depths of the new plants. 

The rainfall on impervious areas remaining after evaporation was assumed to be 
runoff. Ten percent of the agricultural and native vegetation areas is estimated 
to be impervious and 50 percent of the urban area is impervious. In the urban 
area, 20 percent of the runoff from the impervious area ran onto adjacent pervious 
areas and was used by the plants, evaporated, or became deep percolation. 

The annual unit values of deep percolation from the combination of rain and 
applied water for each of the five agricultural groups of land uses is listed in 
Table 16. 

Recharge from Streamflow 

The traditional method to calculate streamflow recharge is to subtract the up­
stream gage and local inflows from the downstream gage. For the County there are 
two such sets of stream gaging stations from which recharge could be calculated. 
These are on the American River and Cosumnes River. On the American River, flow 
measurements are made at the American River at Fair Oaks gage, which is downstream 
from Nimbus Dam. A continuous stage recorder is installed at H Street for flood 
forecasting. Supplemental measurements to determine flows at this station were 
discontinued in 1960. In order to obtain the flow at H Street, it was necessary 
to establish a relationship between gage readings (height of flow) and quantity 
of flow. Because the H Street recorder is affected by tidal backwater, a down­
stream gage is necessary to determine the hydraulic gradient downstream from the 
H Street gage. A stage recorder was installed on the American River at the Elvas 
Railroad Crossing to ascertain if backwater was affecting the flow at the 
h Street gage. If there were tidal effects at Elvas, it would reflect a small 
hydraulic gradient between H Street and Elvas, thereby decreasing the streamflow. 
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Land Use 
Symbol 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

Land Use 
Symbol 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

F 

0.33 

0.61 

0.90 

0.09 

0.36 

0.12 

0.94 

0 

1.01 

0.58 

F 

0.40 

0.58 

0.51 

0.24 

0.48 

0.32 

0.72 

0 

0.91 

0.27 

TABLE 16 

UNIT DEEP PERCOLATION 

LUA 

I D I T15 

0.10 0.19 

0.58 0.40 

0.88 0.66 

0 0.17 

0 0.27 

0 0.18 

0.60 0.72 

0 0.19 

0.81 1.01 

0.58 0.69 

LUA 

L D 1 Tl5 

0.09 0.40 

0.60 0.58 

0.73 0.51 

0.11 0.24 

0.63 0.48 

0.36 0.32 

0.97 0.72 

0 0 

0.85 0.91 

0.36 0.27 

NORTHWEST SECTOR 
In Feet 

LUB 

P I F5 I F6 

0.76 0.96 0.76 

0.86 1.28 0.86 

0.62 1. 00 0.62 

0.49 1.12 0.49 

0.56 0.94 0.56 

0.52 1.10 0.52 

0.97 1.04 0.97 

0.45 0.73 0.45 

1.35 1. 53 1.35 

1.03 1.21 1. 03 

NORTHEAST SECTOR 
In Feet 

LUB 

P I F5 I F6 

0.62 0.62 0.62 

0.73 0.73 0.73 

0.40 0.51 0.51 

0.49 0.49 0.49 

0.59 0.59 0.59 

0.54 0.54 0.54 

0.76 0.76 0.72 

0.21 0 0 

1.16 L16 1.16 

0.53 0.53 0.53 
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LUC LUD LUE 

T&F7 FZ&G R 

0.33 0.01 2.31 

0.61 0.36 2.39 

0.90· 0.61 1.41 

0.09 0.22 2.13 

0.36 0.25 1.20 

0.12 0 2.13 

0.94 0.63 1. 36 

0 0.04 1.88 

1.01 0.73 1. 93 

0.58 0.38 1. 68 

-. 

LUC LUD LUE 

T&F7 FZ&G R 

0.40 0.18 2.13 

0.58 0.45 2.22 

0.51 0.37 0.96 

0.24 0.18 2.08 

0.48 0.54 1.19 

0.54 0.28 2.04 

0.76 0.90 1.16 

0 0.11 0.80 

0.91 1.25 1.68 

0.27 0.49 1. 06 -



LUA 
Land Use 
Symbol F I DI 

1961 0.64 0.27 

1962 0.95 0.93 

1963 0.75 0.85 

1964 0.40 0.15 

1965 1. 09 1.17 

1966 0.59 0.57 

1967 1.36 1.47 

1968 0.22 0 

1969 1.62 1.53 

1970 0.78 0.78 -

LUA 
Land Use 
Symbol F I D I 

1961 0.44 0 

1962 0.71 0.22 

1963 0.45 0.58 

1964 0.36 0 

1965 0.54 0.31 

1966 0.37 0.13 

1967 0.67 0.63 

1968 0.15 0 - 1969 1.02 0.37 

1970 0.49 0.23 

Table 16 (continued) 

TIS 

0.64 

0.95 

0.75 

0.40 

1.09 

0.59 

1.36 

0.22 

1.62 

0.78 

Tl5 

0 

0.45 

0.45 

0 

0 

0 

0.22 

0 

0.49 

0.23 

SOUTHEAST SECTOR 
In Feet 

LUB 

p I F5 I F6 

0.84 1.35 1.35 

1.11 1. 69 1. 69 

0.63 0.99 0.99 

0.61 1. 34 1.34 

1.19 1.80 1.80 

0.75 1.35 1. 35 

1.35 1. 35 1.35 

0.45 0.91 0.45 

1. 79 2.30 1. 79 

0.94 1.35 0.94 

SOUTHWEST SECTOR 
In Feet 

LUB 

P I F5 I F6 

0.44 0.73 0.44 

0.71 1.26 0.71 

0.45 0.67 0.45 

0.36 0.99 0.36 

0.54 1. 03 0.54 

0.37 0.98 0.37 

0.67 0.71 0.67 

0.45 0.91 0.45 

1.02 1.44 1. 02 

0.49 0.84 0.49 
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LUC LUD LUE 

T&F7 F2&G R 

0.64 0.18 2.40 

0.95 0.56 2.65 

0.75 0.36 1.29 

0.40 0.40 2.26 

1.09 0.86 1. 95 

0.75 0.36 2.31 

1.26 1.26 1. 95 

0.45 0.25 1.89 

1. 79 1. 56 2.43 

0.94 0.76 1.59 

LUC ! LUD LUE 

T&F7 I F2&G R 

0.33 0 2.02 

0.61 0.06 2.27 

0.90 0.38 1. 05 

0.09 0.07 1. 99 

0.36 0.35 1.27 

0.12 0 1. 96 

0.94 0.34 1.10 

0 0.04 1.89 

1. 01 0.51 1.68 

0.58 0.04 1.11 



Under backwater effects, the flow discharge at the H Street gage is calculated 
with a ratio discharge curve developed by the U. S. Geological Survey in 1958. 
Using their methods and their rating curve, dated 1958, the flows of the American ~ 

River at li Street were calculated for the period 1962 through 1969. 

The incremental drainage area between the Fair Oaks gage and the H Street gage is 
some 30,000 acres. Local inflows, including local runoff and sewage outflow from 
the sewage treatment plants, and outflows, such as diversions out of the river 
by Carmichael Irrigation District, the City of Sacramento, and farmers for irriga­
tion, must be accounted for. In addition, there are natural outflows in the 
riverbank area consisting of water consumed by over 600 acres of phreatophyte 
growth and evaporation from the water surface. Sewer outflows were obtained from 
the County. Diversion records from the river were obtained from DWR Bulletin 130. 
There were many unnamed tributary areas into the American River in this incre­
mental area. Flows in these channels were computed using the rational method 
based on runoff factors developed from Arcade Creek at Del Paso Park gage. 

By accounting for all of the inflows and outflows from the American River, the 
annual recharge for the years 1962 through 1969 were estimated; these are shown 
on Table 17. 

YEAR 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

Average 

TABLE 17 

FIRST APPROXIMATION OF STREAM RECHARGE 
AHERICAN AND COSUHNES RIVERS 

(in acre-feet) 

AHERICAN RIVER COSUIINES RIVER 

185,600 39,900 

370,800 80,000 

229,800 28,500 

409,500 106,800 

390,600 33,600 

449,100 132,700 

540,400 34,800 

689,400 123,300 

408,200 72,500 
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For the Cosumnes River the situation is similar to that of the American River. 
~ There is an upstream gage at Michigan Bar and a downstream gage at McConnell 

Station. The records at these two gages are considered accurate by the U. S. 
Geological SurveYt except during the summer months. There are diversions for 
irrigation purposes between the two stations; the incremental drainage area is 
188 square miles. Table 16 presents estimated stream recharge for the American 
and Cosumnes Rivers for the years 1962 through 1969. 

Subsurface Flow 

The 1968 ground water surface contours shown on Figure 17 indicate that there is 
no subsurface flow in or out of the County on its western and southern boundaries 
because the Sacramento River and Dry Creek both are losing streams. On the 
eastern boundary there is no subsurface inflow due to the presence of nonwater­
bearing crystalline and metamorphic rocks. Along the eastern half of the north 
county boundary, ground water contours are more or less normal to the county line, 
indicating a no-flow boundary. There is a pumping depression along the western 
portion of the north county line. The center of the depression is in Sutter 
County, with the ground water gradient sloping northward from Sacramento County. 
This is the only subsurface outflow from the County. 

Available Storage 

The available storage capacity is computed from the ground surface to the bottom 
~ of the Mehrten Formation, which is considered to be the base of fresh water for 

this investigation. The bottom of the Mehrten Formation is defined in the eastern 
foothill through interpretation of well drillers logs; however, the western 
boundary could not be defined due to a lack of data. By projecting the angle of 
dip of the Mehrten Formation, the bottom of the formation could be estimated for 
the center of each quarter township. Figure 28 shows the contoured base of the 
Uehrten Formation as projected. The thickness of alluvium was calculated for 

-

each quarter section and an average thickness of 880 feet was calculated for the 
model area. There are 559,365 acres in Sacramento County. Using an average 
specific yield of 7.5 percent, the total ground water storage capacity of the 
County is about 37,000,000 acre-feet, exclusive of the Delta area. In the Delta, 
which encompasses 45,008 acres, the storage capacity is about 1,000,000 acre-feet, 
based on a depth of 300 feet to the base of fresh water and an average specific 
yield of 7.5 percent. The amounts of ground water in storage in the 1930 to 1968 
interval are shown in Table 18. 

TABLE 18 

GROUND WATER IN STORAGE ABOVE BASE OF MEIIRTEN FORMATION 

AVERAGE DEPTH TO WATER GROUND WATER IN STORAGE 
YEAR (feet) (million acre-feet) 

1930 22 37.0 

1932-
1942 24 36.9 

1968 58 35.5 
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Change in Storage 

Change in storage can be computed from the change in water levels. The method 
used in determining the change in storage was sum the products of the average 
specific yield value times the annual changes in water levels for quarter section. 
The average specific yield values were determined by a computer program for blC;, 

nodal area. The change in water level elevations was determined from spring 
water level contour maps. Estimated annual changes in storage in acre-feet for 
the study period 1962 through 1968 are listed on Table 19. Using the average 
specific yield of 7.5 percent, the average decline in water level is about 
0.5 foot per year. 

Hydrologic Balance 

Hydrology is an earth science concerned with the distribution and occurrence of 
water on and under the earth's surface, that is, with "what happens to the rain". 
A hydrologic balance i.s concerned with the supply and disposal of water within 
that system. In making a hydrologic balance, there are three different references 
or concepts whicq may be used. These three concepts, shown on Figure 29, are: 
(1) watershed, (2) ground water basin, and (3) ground water body •. Each of these 
concepts has its particular advantages and uses. The watershed concept eliminates 
most of the need for streamflow data, but makes necessary, reliable estimates of 
consumptive use of native vegetation. The ground water basin concepts require 
streamflow data, but not pumpage information. The ground water concept eliminates 
all surface water items but requires deep percolation data. 

Water Year 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

Summation 

TABLE 19 

ANNUAL CHANGE IN STORAGE 
FOR STUDY AREA 

Annual Change in Storage 
(acre-feet) 

- 19,650 

51,510 

-170,960 

29,560 

-196,200 

303,440 

-157,700 

-160,000 

Average Annual - 22,860 
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Figure 29. 

WATERSHED ~C~O~N~C~E~P~T~, ________________ ~~ 

/7 
. '/ /' 
/. ,', '/'/ 

_., '1//,' ''-, /y;/' / .. -.. .' / " 

r/ ,/ ,,/' / , / 
/ / / / / '/" '/ // " / '/'l, /,; . .'/ 

'/. /' ". '/ / 
/ . / /'/ // , 

/ '/," / / ,-./ 

/ ' 

GROUND WATER BASIN CONCEPT 

--7/ 
<~ /,~ /' 

/ /,' >/X/ 
.. - .. -" :;;//)/0'/: / 

/ ,/ /, / 
0;, /,/ '/' , /'; '/ .. . ',' , / 'i" . ,/ ',- . " / ,- . 

'/. /. /, 
,/ "///' 
/ / . .' / ' . / .. 

/ 

.' 

GROUND WATER BODY CONCEPT 

THREE CONCEPTS FOR HYDROLOGIC BALANCE 

-.1..24-

-

-, 

-- , 



Since surface outflow data are not available, the reference chosen is the ground 
water body. The data required to determine the hydrologic equation are: (1) the 
change in storage of the ground water basin; (2) deep percolation (water reaching 
the ground water basin from precipitation, applied water, and streamflow); 
(3) ground water withdrawals (pumpage by all pumping plants -- municipal, agri­
cultural, industrial, etc.); and (4) net amounts of subsurface flow into and from 
adjacent ground water areas. 

The initial hydrologic balance shown on Table 20 was made, taking into account 
the relative reliability of the various data. The most reliable data are annual 
changes in the amount of water in storage, since this is based on measured water 
levels and estimated specific yields. The probable error in specific yields is 
slight. 

Annual amounts of pumpage also are considered reliable, particularly during the 
last three year~ because municipal and industrial pumpage is metered and the last 
three years of agricultural pumpage is based on power records. Earlier years of 
agricultural pumpage is an extension of the last three years, taking into account 
land use changes and weather changes. Domestic pumpage is relatively small and 
errors hence would be minimal. 

Recharge from rain and applied water is considered less accurate than change in 
storage and pumpage. The annual amounts of recharge are the product of the unit 
depths of recharge and the acreage of the appropriate land use. The unit recharge 
values contain adjustments for the amount of water applied as a function of 

~ monthly rainfall, but are not adjusted for micro-climatic effects. The unit 
recharge values assume no impedence of percolation by the subsoil, a condition 
which may not prevail over the majority of the study area. 

TABLE 20 
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The least accurate item is the recharge £rom streams and runo££. Poor accuracy 
in estimates o£ runoff is due primarily to inaccuracy of some stream gages and 
the lack of gaging stations to measure total surface outflow from the study area. 
The stream and runoff recharge was therefore computed as the residual item in the 
initial hydrologic balance. 

Uathematical Model 

A mathematical model is a method of describing a physical system. It should react 
to stimuli exactly as does the real system. In the case of a ground water basin, 
it is often too expensive to operate on a trial and error basis. Some other 
means of determining how the ground water basin will react to differing conditions 
is necessary. Using a high speed digital computer and sophisticated modeling 
techniques, a mathematical model computer program was developed to simulate the 
ground water basin. 

The model is a set of linear differential equations that define the flow and 
storage of ground water. The equations are used to determine the reaction of 
water levels in a ground water basin to annual amounts of net recharge (water 
inflow minus outflow). Items of inflow are recharge from precipitation, irriga­
tion, and streamflow. Items of outflow are pumpage and subsurface outflow. To 
form the equations, the basin and its hydrologic history are subdivided into 
nodes, flow paths, and time increments. Given the initial water levels and a 
set of net recharge values, the model will operate over the study period. 

A generalized ground water equation that could define the storage, transmissivity, 
and water inflow-outflow characteristics first was developed for the Los Angeles 
Coastal Plain study. A discussion of the details of the computer application and 
the derivation of the generalized ground water equation is presented in 
Attachment 5 to Appendix C, Bulletin 104, "Planned Utilization of Ground Water 
Basins: Coastal Plain of Los Angeles County", dated December 1966. The equation 
shown on Figure 30 defines the storage and transmissive characteristics of any 
unit area of the ground water basin. 

{

INfLOW - OUTfLOW .. ± CHANGE IN STORAGE 

EQUATIONS ~ [ (hL~~') Til WI.] + AgQ.- A.S. ~~. 

NET DEEP PERCOLATION 

± CHANGE IN STORAGE 
A.S • .!IJ\L 

SUBSURfACE INfLOW-OUTfLOW FROM NODE "j") -----+- - - - -------;r=-:"¥'7::"'7'F=~~=-"-='--'-"=-"--'-

~ (t.h
.) Til W,. 

NODE "B" 

Fig. 30.SCHEMATIC SKETCH OF GENERALIZED GROUND WATER 
FLOW EQUATION 
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Figure 3.0 also shows the relation of the items in the equation. The symbol 
definitions are as follows: 

hi water level elevation associated with node i, in feet 

hB water level elevation associated with node B, in feet 

T· B ~, 

W' B ~, 

transmissivity at midpoint between nodes i and B, 
in acre-feet 

year foot 

= length of perpendicular 
nodes i and B, in feet 

bisector associated with 

Li,B distance between nodes i and B, in feet 

AB = area associated with node B, in acres 

QB flow rate net deep percolation per unit area at node B, 

t 

acre-feet in ==~:..::.;= 
year acre 

storage coefficient of polygonal zone associated with 
node B (dimensionless) 

time, in years 

The first term on the left-hand side of the equation shown in Figure 30 is the 
summation of the subsurface flows between a given unit area and its surrounding 
areas. The second term describes the surface flow rate from the ground surface 
into or out of the zone of saturation of the given unit area. The rate of change 
in storage is given by the right-hand expression. A set of these differential 
equations, one for each unit within the basin, with proper coefficients, forms 
the mathematical model of the ground water basin. 

The mathematical model for Sacramento County contains 102 polygonal areas or 
nodes. The entire modeled area contains 618,860 acres, of which 59,495 acres are 
in Yolo County. The model has an average nodal area of 6,067 acres. Figure 31 
shows the nodal pattern. The original pattern was on a 3-mile by 3-mile grid. 
As the study progressed, this pattern was modified to its present form by com­
bining standard size nodes with very small nodes along the edges. The nodes on 
the northern boundary are irregular because of the irregular county line. Nodes 
along the eastern boundary are irregular because of the contact between the water­
bearing and nonwater-bearing rocks. 

The model treats the County as a free ground water body. This is not strictly 
correct because there are areas in the County where drillers have found a rise in 
water levels after further drilling, a condition indicative of some confinement 
of ground water. Due to insufficient water level and pumpage data, input for a 
model of two or more layers could not be developed. Analysis of water levels for 
separate aquifers indicated very small differences in water levels, thus modeling 
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FIGURE 31. DIRECTIONAL FLOW OF BRANCHES 
FOR THE GROUND WATER MODEL 
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the ground water system as a single-layer free ground water body is reasonable, 
particularly when the time interval between data points is one year. 

Transmissivity values were estimated using a relationship between specific yield 
and permeability. This relationship was derived for the digital model of 
Livermore Valley and is described in some detail in Department of Water Resources 
Bulletin 118-2, "Livermore and Sunol Valleys: Evaluation of Ground Water 
Resources", January 1974. The values for permeability which were used in the 
current study are presented on Table 21. 

Specific Yield 
(percent) 

3 
5 

10 
15 
20 
25 

TABLE 21 

PERMEABILITY 

Permeability 
(gal/day/ft2) 

1 
30 

400 
800 

1,200 
1,500 

If the above values for permeability are plotted on a chart, a curve results. 
Equations describing the curve were derived for input into the computer. The 
curved portion of the graph, for specific yield values from 3 to 10, is described 
by the equation: 

7.16288 
~T = ~·10 3.5319 - ISyl - 0.84 

and the straight-line portion, for specific yield values greater than 10, is 
described by the equation: 

where: 

~T ~·(100 ISYI -500) 

incremental transmissivity, 
incremental depth, and 
absolute value for average specific yield for given interval. 

A computer program was written to accept the 
coded for the geological deposition program. 
missivity values for each node to the bottom 
values were for flows along the depositional 
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Output of the program was trans­

of the data. These transmissivity 
channels; these were modified to 



apply to each nodal branch. For this study a transmissivity modifying ratio of 
ten to one was adopted, i.e. ten in the direction of the deposition channel to 
one at right angles to that direction, 

For most of the nodes there were insufficient well data to define the transmissi­
vity values to the bottom of the Mehrten Formation, which is considered the base 
of fresh water. In these cases, the data to extrapolate the transmissivity values 
to the base of the Mehrten Formation Were obtained from the upstream or upslope 
nodes. 

Development and Verification of Mathematical Model 

The general steps taken in the development and verification of the mathematical 
model were as follows: 

1. The Sacramento County ground water area was subdivided into nodes on 
3-mile by 3-mile centers (see Figure 31). 

2. Geologic data were analyzed and the transmissivity factors between nodes 
and the storage factors within each node were determined, using the direc­
tional stream channel deposition patterns shown on Figures 3 and 5. 

3. Historical surface hydrologic data were analyzed and the seasonal net deep 
percolation at each node was determined for the period 1961-62 through 
1967-68. Also, hydro graphs of representative ground water level fluctuations 
during the same period were prepared for each node based on measurements 
of historic ground water level elevations. 

4. Using the DWR computer (CDC-3300), problem parameters were placed in the 
computer and the model was tested. The testing process consisted of matching 
the water level elevations generated by the computer, using historic 
hydrologic input data, with historic water level elevations. 

5. Based on the information developed during the testing period, final verifica­
tion was achieved when machine-computed water level elevations and historic 
water level elevations matched. 

The method used by the Department for verification is a "trial and error" method, 
however, for the Sacramento County model the method was more "rational" than 
"trial and error". Many parameters are utilized by the model. Each of these 
parameters was estimated separately. The model integrates all parameters 
together in attempting to duplicate the historic water levels for the study 
period. There may be numerous possible combinations to reproduce the historic 
water levels for each node. By varying only a few values of a single parameter 
at one time, a "feel" for the sensitivity of the model can be obtained. Once 
that feeling is imparted to the verifier, the verification process is made by 
varying only those parameters which are sensitive to changing water levels. 

For this model the net recharge values are the most sensitive parameter because 
of the discontinuous layers of hardpan which impede downward percolation. In 
estimating the unit rates of percolation from irrigation and precipitation, the 
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hardpan layers were disregarded; although it was suspected from the beginning that 
the resulting net recharge values were too high. For those nodes requiring small 
changes in net recharge values, the assumption can be made that the hardpan layer 
is nonexistent. On the other hand, if large changes are required, a continuous 
hardpan layer probably exists. 

After the first modeling run, computed water levels in some nodes differed 80 to 
90 feet from historic water levels. In the eastern part of the County, nodes 75 
through 84, computed water levels appeared to be building up. This caused a 
decline in the computed water levels to the west. At first it was believed that 
intervening transmissivity values were too low. Transmissivity values subse­
quently were increased, but the resulting increase in water movement was minimal. 
From this it was postulated that the values of net recharge needed to be modified. 

Naps in "Soils of Sacramento County, California", by Walter W. Weir, April 1950, 
were used to determine if the infiltration portion of the net recharge should be 
changed. The soil maps showed that much of the southeastern portion of the 
County was underlain by San Joaquin, Redding, and Pentz-Redding soils, which 
diagnostically contain hardp~n. In addition, the geologic portion of this study 
revealed that much of the hardpan area also contains an iron cemented topsoil. 
Thus there is very little chance for water to infiltrate the topsoil and reach 
the ground water body. Because of this, percolation values for native vegetation 
in the southeastern foothill nodes were modified to one-tenth foot per year. The 
deleted percolation then was added to stream percolation in the downstream nodes 
to the west. Nodes in the northeast quadrant of the County also were checked for 
soil infiltration characteristics. Here, nodes 34, 35, 41, 42, 43, and 44 were 
modified. 

Table 22, "Ground Water Inventory", tabulated the revised recharge from the fore­
going changes. Note the subsurface inflow as computed by the model is an average 
of 4,700 acre-feet annually for the study period. Originally the subsurface 
inflow was estimated qualitatively to be small with no quantitative estimate. 
Figure 32 plots the accumulative net recharge and change in storage. 

After reviewing the printout which reflected the one-tenth foot per year infil­
tration rate, it was found that some further changes or adjustments still were 
necessary. It was decided that a limiting factor of one-tenth foot per month 
should be used as a maximum infiltration value. This would increase the infil­
tration during the wet years. With this adjustment, the computed water levels 
matched the historical levels fairly well. 

After the above manipulations, transmissivity values were increased or decreased 
in each node to increase or decrease subsurface flow and thus match computed 
water levels with historic levels. In this study a threefold change of trans­
missivity values was used. Figure 33 presents the initial computer output for 
nodes 78 and 82; Figure 34 presents the output after all adjustments have been 
made. 

The verified model had an average error of closure of plus 0.56 foot, with a 
range of minus 10 to plus 21 feet. The larger errors were in the foothill nodes 
where historic water levels were incomplete and ill-defined. It would have been 
possible to further adjust the historic water levels in these areas in order to 
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decrease the error of closure. However, the foothill nodes have thin alluvium 
and only small ground water storage capacities. Therefore there was little need 
for a smaller error of closure in these areas. The model as it now exists with 
its present parameters is of sufficient accuracy to be used as a workable 
management tool for the study of the response of the ground water basin to any 
operational scheme that may be imposed upon it. 
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TABLE 22 

GROUND WATER INVENTORY 
SACRAMENTO COUNTY GROUND WATER BASIN 

(In Thousand Acre-Feet) 

Rechar~e Sub-
Water Agricultural : Urban Native Surface 
Year Water : Areas Areas Stream Inflow Pumpage 

1962 161.4 17.4 112.0 119.9 3.6 417.2 

1963 137.4 14.9 94.4 109.7 3.5 317.6 

1964 93.0 8.0 48.0 105.2 4.1 422.2 

1965 121.8 14.1 121.3 158.7 5.4 385.6 

1966 98.8 4.7 61.6 95.1 6.0 449.4 

1967 160.1 48.7 220.0 172.1 5.9 337.5 

1968 80.0 4.9 60.2 89.7 4.5 397.1 

Average 121.8 16.1 102.5 121.5 4.7 389.5 
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