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CHAPTER |

INTRODUCTION

Placer County, in common with many other parts
of California, has recently experienced an increase in
water utilization, and as a result is confronted with
a need for more complete conservation of its water
resources. An accelerated imerease in ground water
use on the valley floor in recent years, combined with
progressive lowering of pumping levels, has brought
about local coneern regarding the adequacy of the
ground water resources. Furthermore, increased de-
mands on the water supphies originating in the area
by agencies situated outside the area have brought
about local concern regarding the sufficiency of the
water supply to meet both future needs of the area and
the mecreasing demands of these ageneies.

AUTHORIZATION FOR INVESTIGATION

In consideration of the need for more eomplete con-
servation of its water resources and concern over pro-
gressive lowering of ground water levels together with
increased demands on local supplies by agencies out-
side the area, a representative of the Board of Su-
pervisors of Placer County appeared before the State
Water Resources Board at Sacramento on September
3. 1948, and proposed a state-county cooperative sur-
vev of the water supply and water conditions i Placer
County. The Board referred the request to the State
Engineer for preliminary examination and report on
the need for such an investigation, and an estimate
of its scope. duration, and cost.

The State Water Resources Board on October 1,
1948, approved a reeommendation by the State Engi-
neer, based on findings of the prehiminary examimation,
for a three-yvear cooperative investigation, and au-
thorized negotiation of an agreement with local agen-
ctes. The agreement, between the State Water Re-
sources Board. the Clounty of Placer, and the State
Department of Public Works acting through the agency
of the State Engineer, was executed on Deeember 23,
1948. It provided that the work under the agreement

““shall consist of an investigation and report on the
water resources of Plaeer County, both surface and
underground, comprising (a) an inventory of the
water resources of the county, (b) a classification of
lands for agricultural nse, (e) a survey of the loca-
tion, extent and type of nse of water nuder existing
conditions. (d) an estimate of water requirements
under ultnnate development of the county, and (e)
a general plan for the ultimate development and
utilization of the water resources in or available to
said county and estimates of the cost of such a plan.”™

This agreement authorized the provision of funds to
meet the eosts of investigation for one year. A supple-
mental agreement executed by the same parties on
November 21, 1949, authorized funds to meet the eosts
of the investigation for the second year. A second sup-
plemental agreement execnted on November 9, 1950,
authorized funds to complete the investigation and
bultetin.

Funds to meet the costs of the investigation and
bulletin to the extent of $59,000 were provided as
follows: State of (Califormia (State Water Resources
Board). $29,500; County of Placer, $29,500. Addi-
tional funds have been expended in investigation of
Placer County by the State Water Resources Board
in connection with the current State-wide Water Re-
sources Investigation, authorized by Chapter 1541,
Statutes of 1947, and by the State Division of Water
Resources in connection with the ‘‘Survey of Moun-
tainous Areas,’”” authorized by Chapter 30, Statutes of
1947, as mentioned hereinafter.

Copies of the agreements between the State Water
Resonrces Board, the County of Placer, and the De-
partment of Pubhe Works, are inchided as Appen-
(HX 1\.

The State Water Resources Board, at its regular
meeting on July 2, 1954, approved release of the pre-
lminary draft of Bulletin No. 10, ‘‘Plaeer County
Investigation,”” to concerned ageneies for their review
and comment. Comments were reccived from seven
agencies, and are included in Appendix C. These com-
ments were reviewed, and suggested changes in the
bulletin were adopted where it was considered they
wonld nuprove it, and where the Division of Water
Resonrces was in agreement with the changes sug-
gested.

RELATED INVESTIGATIONS AND REPORTS

The following reports of prior investigations, con-
taining information pertinent to evaluation of water
resources and water problems in Placer County, were
reviewed in connection with the enrrent investigation :

Board of Consulting Iingineers. “Proposed Silver Creek PProj-
ect.” Sacramento Munieipal Utility District. January, 1927.

Bonner, FFrank IS. “Report to the IFederal Power Commis-
sion on the Water Powers of California.” Federal Power
Commission. 1928,

Bryan, Kirk. “Geology and Ground Water Resources of the
Nacramento Valley, California.” United States Department
of the Interior, Geological Survey. Water-Supply Paper
495, 1923,

California Power Board. “Report to the Ifederal Power (om-
mission on the Uses of the American River, California.”
IFederal Power Commission, 1927,
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California Ntate Department of Public Works, Divigion of
IInginecering and Irrigation. “Iflow in Califoruia Ntreams.”
Julletin No. 5. 1923.

. “Irrigation Requirements of California Lands.” DBul-
letin No. G, 1923,

California Ntate Department of PPnblic Works, Division of
Water Resources. "\ Proposed Major Development on
American River.” Bulletin No. 24, 1929,

. “Report to Legislature of 1931 on State Water
Plan.” DBulletin No. 23. 1930.

. “Nacramento River Basin.” Dulletin No. 26. 1931.

. “I’ermissible Economic Rate of Irrigation Develop-
mwent in California.” Bulletin No. 35. 1930.

————, “Irrigation Requirements of California Crops.” Dul-
letin No. 51. 1945,

California Ntate Water Resources Board. **Water Resources
of California.” Dulletin No. 1. 1951.

. “Sutter-Yuba Counties Investigation.” Dulletin No.
G. Neptember, 1952,

Central Valley Regional Water Pollution Control Doard.
“Pollution Study, American River, Sacramento River Wa-
tershed.” January, 1952,

Cosby, Stanley W., Watson, [I. B., and Harper, W. G.
“Noil Survey of the Auburn Area, California.” United
States Department of Agriculture, Dureau of Chemistry
and Soils, in Cooperation With University of California
Agricultural Experiment Station. 1928,

13 83

Means, Thomas IL. “Dear River Development in Connection
With Irrigation in Nevada and Placer Counties.” Febru-
ary, 1927.

State Engineers of Nevada and 'alifornia. “Joint Report on
the Use of Water in the Lake Tahoe Watershed.” June,
1949.

TPibbetts, Fred II. “Report to the Nevada Irrigation Dis-
triet, Nevada County, California, on Water Supply, Power
Development, and Irrigation Distribution.” February, 1922,

. “Report of the District’s Iingineer to the Nevada
Irrigation Distriet, Nevada County, California, on Pro-
posed Irrigation Nystem.” April, 1924,

. “Report to the DBoard of Directors of the Nevada
Irrigation District on Completion of Irrigation System,
Particularly in Placer County.” June, 1927.

. “Supplemental Report to the Doard of Directors of
the Nevada Irrigation District on Proposed Irrigation Sys-
tem.” November, 1927.

United States Department of Agriculture, Dureau of Agri-

cultural ISeonomics. “Saecramento Valley Water Investiga-
tion, Agricultural Aspeets.” Mimeographed. Mareh, 1944,

The Division of Water Resources is presently con-
ducting surveys and studies for the State-wide Water
Resources Investigation, authorized by Chapter 1541,
Statutes of 1947. This investigation, under direction
of the State Water Resources Board, has as its objec-
tive the formulation of The California Water Plan for
full conservation, control, and utilization of the State’s
water resonrees to meet present and future water needs
for all beneficial purposes and uses in all parts of the
State insofar as practicable. Surveys and studies of
the mountainous areas are also being conducted by
the Division of Water Resources as anthorized by
(‘hapter 30, Statutes of 1947, This investigation, which
1s coordinated with the state-wide investigation, has
as its primary objective the determination of probable
ultimate water requirements of certain counties of the
Sierra Nevada, and the formulation of plans for proj-
cets which will weet those requirements. Results of

both of the foregoing investigations will have direct
bearing on solutions of the water problems of Placer
County, particularly with regard to plans to meet sup-
plemental water requirements of the county under
ultimate conditions of cultural development.

SCOPE OF INVESTIGATION AND REPORT

[t has been stated that under provisions of the
authorizing agreements the gencral objectives of the
Placer County Investigation included investigation
and study of the water supply, both surface and under-
eround, in and available to the county, a classification
of lands for agricultural use, a survey of the location,
extent, and type of use of water under present con-
ditions, an estimate of water requirements under ulti-
mate development, and a general plan for the ultimate
development and utilization of the water resonrees of
the county and estimates of the cost of such a plan.
In attaining these objectives it was necessary that the
scope of the investigation include full consideration
of surface and ground water supplies, and determina-
tion of present and ultimate water utilization and
snpplemental water requirements.

Iicld work in the investigational arvea and office
studies, as authorized by the initial and supplemental
cooperative agreements, commenced in December, 1948,
and continued into 1953.

In the course of the investigation, available pre-
cipitation and stream flow records, ineluding records
of flow of water in canals, were collected and com-
piled in order to evaluate water supplies available to
the investigational area. Four stream gaging stations
were installed and maintained to supplement the avail-
able hydrographic data. These stations were on Au-
burn Ravine at U. 8. Highway 99E, Coon Creek at
U. S. Highway 99K, Linda Creek at Roseville, and
Reclamation District No. 1001 Channel at Pacific Ave-
nue. The gaging stations installed on Auburn Ravine
and Coon Creek were also utilized in studies for the
Sutter-Yuba Counties Investigation.

The ground water storage capacity and yield,
and geologic features of the ground water basin under-
lying the valley floor of the investigational area were
investigated and reported on by the Ground Water
Branch of the United States Geological Survey in its
report on ‘‘Ground-Water Storage Capacity of the
Sacramento Valley, California.”” This report is in-
¢luded as an appendix to Bulletin No. 1 of the State
Water Resources Board, ‘‘ Water Resources of Cah-
formia.”” Additional geologic data resulting from in-
vestigation by the Ground Water DBranch of the
Geological Survey covering portions of Placer County
are contained in an appendix to Bulletin No. 6 of the
State Water Resources Board, entitled ‘‘Sutter-Yuba
Counties Investigation.”” The foregoing data, supple-
nmented by additional geologic data resulting from in-
vestigation by the Diviston of Water Resources, were

PCWA-025



INTRODUCTION 17

utilized i the preparation of a geologie report cov-
ering Placer County, which is included as Appendix
B of this bulletin.

The effects of draft on the replenishment of the
ground water basin were determined by measurements
of static ground water levels made at about 180 wells
during each spring and fall of the period of investi-
gation. These wells were chosen to form a compre-
hensive measuring grid over the entire area. Wells in
an adjaeent area in Sutter County were similarly
measured, sinee data on them weve required m hydro-
logic studies of Plaeer County. In addition, measure-
ments to determine monthly fluctnations of water
levels were made at approximately 35 control wells.

Present land use in the investigational area was
determined by a complete survey of all lands in the
eounty lying outside the boundarics of the Tahoe and
El Dorado National Forests. This survey was eon-
ducted in 1949. The total area surveyed was about
648,000 acres. The land use survey data were used in
conjunetion with available data on unit water use to
determine total present water utilization in the county.
Information on the extent of irrigated lands in the
national forests in Placer County was furnished by
the United States Forest Serviee. The valley floor
lands, comprising about 110,000 acres, were resur-
veyed i 1950 and again in 1951 to obtain data on
changes in land use.

In order to estimate future water utilization, all
lands lying outside the national forests were classified
by the Division of Water Resources with regard to their
suitability for irvigated agriculture. Data on irrigable
lands in the national forests which ave not irrigated
at the present time were obtained from the Iforest
Service.

Current irrigation practiees in the county were sur-
veved in order to determine unit application of water
to important erops on lands at different elevations and
of wvarious soil types. During the 1949 irmgation
season, records of application of water weve collected
at nine plots on the valley floor. In 1950 twenty-six
plots were maintained on the valley floor and eleven
were maimtained in the foothills. In 1951 eighty plots
werc maintained on the valley floor, and four small
watershed studics were made iu the foothills. The data
collected included reeords of water applieation, acrcage
served, crops irrigated, and in some instances the
quantity of water wasted from plots.

Studies were made of the mineral quality of surfaee
and ground waters m order to evaluate their suitability
for irrigation use. Data used in these studies included
218 partial and 29 complete mineral analyses of ground
water. In addition, data included 44 partial and 39
complete mineral analyses of surfaee water supplies.

Field reconnaissance surveys, topographic surveys,
and geologic examinations were made to locate and
evaluate possible dam and reservoir sites for conserva-
tion of surface runoff. Reconnaissance surveys were

also made of possible routes for conveyanec of water to
areas of use.

Results of the Placer County Investigation are pre-
sented in this bulletin in the four ensuing chapters.
Chapter I, ‘““Water Supply,’’ contains evaluations
of precipitation, surface and subsurface inflow and
outflow, and imports of water, It also includes results
of investigation and study of the ground water basin,
and eontains data regarding mineral quality of surface
and ground waters. Chapter TII, ‘““Water Utilization
and Supplemental Requirements,”’ imeludes data and
estimates of present and probable ultimate land use
and water utilization, and contains estimates of pres-
ent and probable ultimate supplemental water requive-
ments. It also mecludes available data on demands for
water with respect to rates, times. and places of
delivery. Chapter IV, ‘“‘Plans for Water Develop-
ment,”” deseribes preliminary plans for conservation
and utilization of available water supplies to mcet
supplemental water requirenicuts, including operation
and yield studies, design considerations and eriteria,
and cost estimates. Chapter V, ¢ Summary of Conelu-
sions, and Reeommendations,”” eomprises a summary
statement of the conclusions resulting from the inves-
tigation and studies, together with vecommendations
for action relating to solution of svater problems on
the part of conceruned local interests.

AREA UNDER INVESTIGATION

The area under investigation comprises all of Placer
County and covers about 965,000 aeres, including
about 49,000 acres of water surface.

Placer County is situated on the east side of the
lower Sacramento Valley. It extends from a line about
10 wmiles west of the City of Roseville on the west to
the California-Nevada state boundary on the east. Its
northern boundary follows the Bear River upstream
to its sotrce in Bear Valley and continues easterly
to the (‘alifornia-Nevada state boundary. Its southern
boundary extends easterly from a point about 10 miles
north of the City of Sacramento to a point about two
miles north of the City of Folsom, and then follows
the North Fork of the American River to the Middle
Fork, the Middle Fork to the Rubicon River, and the
Rubicon River upstreamn for about 25 miles, and then
runs generally east to the California-Nevada state
boundary. The location of Placer C‘ounty is mdicated
on Plate 1, entitled ‘‘Location of Plaecr County.”’

In order to facilitate reference to its several parts
and to aid in hydrologic analyses, Placer Clounty was
divided into six principal hydrographic units, based
on geographical considerations and on respective types
of water service and sources of water supply. These
were destignated ‘‘Valley Unit,”” ‘‘Foothill Unit,”’
‘“ Amertean River Unit,”” ‘‘Bear River Unit,”” ““Yuba
River Unit,”” and ‘‘Tahoe Unit,”” and are shown on
Plate 2, entitled ““‘IHydrographic Units, Organized
Water Agencies, and Existing Water Conservation
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Works, 1953.”" The Valley Unit embraces the valley
floor of westeru Plaeer Connty, and generally includes
all lands below an elevation of about 200 feet. The
Foothill Unit eomprises the area lying between an
elevation of about 200 feet on the west and an eleva-
tion of approximately 2,000 feet near Applegate, and
extends from the southern boundary of the Bear River
watershed on the north to the northern boundary of
the American River watershed on the south. The
American River Unit extends generally from the vi-
cinity of Anburn on the west to the erest of the Sierra
Nevada on the east. It is bounded on the north by the
southern boundary of the Bear and Yuba River water-
sheds and on the south by the southern boundary of
Placer County. The Bear River Unit comprises the
portion of Bear River watershed lying south of Bear
River and extending from the vicinity of Wheatland
easterly to below Lake Spaulding. The Yuba River
Unit mectudes the portion of its watershed lyving be-
tween its sonthern boundary and the northern bound-
ary of Placer County. The Tahoe Unit extends from
the crest of the Sierra Nevada on the west to the
(‘alifornia-Nevada state boundary on the east, and is
bounded on the north and south by the boundary lines
of Placer County.

Natural Features

The western portion of Placer County consists of
treeless plains sloping upward to the east. These plains
range i elevation from about an average of 60 feet
to about 125 feet where they blend into gently rolling
hills with seattered oaks. At approximately the 500-
foot elevation the oak growth beeomes dense, and in its
virgin state continues so until it gradually merges
with the coniferous forests at about the 1,500- to 2,000-
foot elevation. Forests of pine, fir, and eedar extend to
the east, broken by the bare granitie peaks of the sum-
mit of the Sierra Nevada, which crosses the eounty
from north to south at an elevation of about 9,000 feet.
To the east, the elevation drops abruptly to Lake
Tahoe at an elevation of about 6,230 feet, and to the
Truckee River which drains northward from the lake.

Drainage Basins

The Bear River generally forms the northern bound-
ary of Placer County from Sutter County to its souree
between Emigrant Gap and Lake Spaulding. Seventy-
two square miles of its 295-square-mile watershed
above Wheatland lie in Placer County and consist
largely of a steep-stoped canyon a few miles in width.

The North and Middle Forks of the Ameriean River
drain most of the mountainous area of Placer County
from their confluenee near Auburn ecastward to the
crest of the Sierra Nevada. The portion of the water-
shed of the North Fork of the Ameriean River below
Aunburn, and lying in Plaeer County, consists of a
narrow canyon. The total drainage area of the Amer-
ican River watershed above the Fair Oaks stream

gaging station is 1,921 square miles, of whieh 792
square miles are in Placer County.

Lake Tahoe receives a large portion of the drainage
arising in the eastern part of Plaeer County. A con-
trol structure, located on the natural rim of the lake
near Tahoe City, regulates the lake levels and eontrols
discharges tnto the Truckee River. This river flows
west for about two miles and then north until it
erosses the Placer county line, from whieh point
it flows northeasterly to the California-Nevada state
boundary and then continues casterly and northerly
to its terminus in Pyramid Lake in Nevada. The total
area of the Truckee watershed above the Farad stream
gaging station is 928 square miles, of whieh 172 square
miles are in Placer County. About 76 square miles of
the 193 square miles of water surface of Lake Tahoe
lie in Placer County.

The minor streams which drain Plaeer County are
generally limited to the Valley and Foothill Units.
From north to south these streams are Yankee Slough,
Coon ('reek, Markham Ravine, Auburn Ravine, Pleas-
ant Grove Creek, and Linda Creek. Runoff from
Yankee Slough drains into the Bear River in Sutter
County, west of Plaecer County. Linda Creek on the
south drains the area between U. S. Highway 40 and
the American River from Auburn to Roseville, and
then flows to the Natomas East Main Drainage Canal
and into the Saeramento River near Saeramento. The
remaining minor streams are intereepted by Reelama-
tion Distriets 1000 and 1001 drains in Sutter County.
The intereepted flow then passes through the Natomas
Cross-Canal into the Saeramento River near Verona.

Climate

The climate of Placer County, like its topography,
1s varied. The valley floor and foothill areas are favored
with long growing seasons. Summers are warm and dry

TABLE 1

CLIMATOLOGICAL DATA AT SELECTED STATIONS

IN OR ADJACENT TO PLACER COUNTY
- |
Maximum
and mini-
mum tem-

peratures for

|

I
| Growing

period of Mean
Elevation, season, record, seasonal
Station in feet in in degrees | precipitation,
days E: in inches
Maxi-| Mini-
mum | mum
Talhoe._.. . . __ 6,230 78 94 15 30.60
Blue Canyon . 5,280 142 99 -5 57.60
Colfax_ - 2,418 217 110 8 46.22
Auburn 3 1,234 265 112 12 33.12
Rocklin_________ 230 234 118 14 23.14
Sacramento. . . ‘ 25 308 114 17 16.37
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with occasional dry north winds. The mean seasomnal
rainfall on the valley floor is about 20 inches.

The quantity of precipitation increases with eleva-
tion to over 60 Inches near the crest of the Sierra
Nevada. Approximately 80 per cent of the seasonal
precipitation in Placer County occurs during the five-
month period from November through March. Most of
the precipitation at the higher clevatious occurs as
snowfall and is retained at these elevations until the
spring and summer snowielt runoff period. At higher
elevations the growing season is short and nights are
cold.

Table 1 contains a summary of pertinent clima-
tological data for six stations in or adjaecent to Placer
County.

Geology

The Sierra Nevada bloek, composed of 1gneous and
metamorphic rocks, underlies the surface of most of
Placer County, although in the western or valley por-
tion of the county the Sierran roeks are covered by
more recent sedimentary fill. Voleanie rocks, prinei-
pally rhyolites, andesites, and basalts, are widespread
in the eastern part of the county. These also oceur to
a more limited extent along the eastern edge of the
Valley Unit. Granitic rocks appear in places from the
edge of the valley castward. Much of the Sierran
block is composed of quartzite, slate, crystalline lime-
stone, and other metamorphic rocks ranging in age
from Carboniferous to Jurassic.

Continental sediments oceurring in the fill of the
Valley Unit are the principal water-bearing formations
of Placer County. Some of the volecanic rocks at the
edge of the valley are also water-bearing. The ground
water basin 1s thus composed of continental sands,
gravels, and clays, prinecipally of Pleistocene and
Recent age. underlain in places by Tertiary volcanics,
all Iying on a basement of Sierran crystalline rocks.
A more detailed discussion of the geology of Placer
County is included in Appendix B of this bulletin.

Soils

The soils of Placer County capable of sustaining
agriculture are located mostly in the western portion
of the county in the Valley and Foothill Units. Suit-
able soils are also found on the Colfax Ridge lying
between the Bear and American River Units, and on
the ridge above the American River near and extend-
ing southwest from Auburn in the American River
Tnit. Soils of a limited area, located on the Foresthill
Divide between the North and Middle Forks of the
American River in the Ameriean River Unit, are also
considered capable of sustaining agriculture. The re-
maining portions of the county are generally rugged,
with mountains too steep and rocky, or climatically
unfavorable, to permit cultivated agriculture. These
areas are restricted to timber or brush with oeeasional
native mountain meadows.

The soils of the Valley Unit have developed pre-
dominantly from old sediments. Iowever, small
patches of recent alluvial soils may be found along
stream ehannels. There are also several small areas of
rolling land inelnded within the Valley Unit whieh are
composed of residual soil. The soils found in the Valley
Unit vary in their physical eharacteristies and adapt-
abilities, depending on their age, or the degree of
weathering which the soils have undergone subsequent
to their deposition. The soils developed from alluvial
depositions vary from old soils, having indurated iron-
cemented hardpan generally two to four feet below
the surface, to recent soils, showing little or no profile
development. The residual soils have developed from
softly consolidated sandstone and shale-like material.
All of the soils in the Valley Unit have supported native
grasses, hay, and grain in the past. Orchards and vine-
vards have been grown for many vears along Linda
Creek on residual soils and in the flood plain of Bear
River on recent alluvial soils. Rice and pasture are
presently erown on the older alluvial soils and hardpan
lands.

The soils of the Foothill Unit have developed pri-
marily from igneous rock materials. However, the soils
of a small area in the vicinity of Bowman have been
derived from sedimentary rock material. The largest
portion of the unit ecovered by soils derived from igne-
ous rock is composed of weathered granitic materials.
This inelndes the portion of the unit south of Doty
Ravine, with the exeeption of a large triangular area
between Newecastle, Rocklin, and Iineoln, which con-
sists of voleanie seab land. Soils derived from granitie
materials tend to be eoarser textured and have lower
inherent fertility than soils derived from igneons
materials which are high in basalt. The soils are well
drained and generally of sufficient depth to be well
suited for the production of pears, plums, cherries,
and scattered arecas of pasture, whieh are the prineipal
crops now grown. The voleanic scab land is a slightly
weathered ridge with large amounts of angnlar roek
and stone on its surface. This area is not suitable for
cultivated agrieulture, but small patches of shallow
soil support native vegetation which is grazed during
the spring months.

The soils of the Foothill Unit north of Doty Ravine
are derived from basic igneous materials. These soils
are generally medinm- to fine-textmred and somewhat
limited in depth. A portion of the area has soils of
sufficient depth to be suitable for orchards, but the
remainder is best suited for wwrrigated pasture crops.

The soils i the vieinity of Bowman and Colfax in
the Bear and American River Units have developed
from sedimentary rocks. In general, these soils are
medinm- to fine-textured, and have about the same
erop adaptability as soils derived from basie igneous
materials.

The soils located on the Foresthill Divide in the
Ameriean River Unit have developed from sedimentary
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and basie 1gneous rock materials. These soils are
medium- to fine-textured and fairly deep. and are suit-
able for a wide variety of crops. Timber, brush, and
arass preseuthy grow on these soils.

Present Development

The history and development of Placer County
began with the discovery of gold in 1848 near the
present site of Ophir on Auburn Ravine. Mining
flourished as the basic industry and has held an
mportant place in the economy until recent years. It
has accounted for the establishment of such settle-
ments as Gold Run, Michigan Bluff, Dutch Flat, Ophir,
and Auburn. All of these towns had a brief colorful
mining history, and, except for Auburn, declined to
historical landmarks with the decline of gold mining.

Auburn, the county seat, and Colfax, Newcastle,
Loomis, and Rockhin, all in the foothills, have con-
tinued to grow with the fruit industry, which began
with the experimental plantings of peach and almond
seeds in 1846 along the Bear River flood plain. Re-
sults were so satisfactory that soon the river-bottom
lands and ravines were utilized for orchard farming.
Barley, in demand for feed, also became an important
crop. In 1856 there were 5,884 acres of land under cul-
tivation, according to records of the County Assessor.

As the population increased and irrigation faeili-
ties were constructed, the lower foothills became a re-
gion of diversified orchard and truck erops. By 1923
there were about 10,000 acres of peaches, 6,800 acres
of plums, and lesser acreages of grapes, pears, cher-
ries, nuts, and miscellaneous tree crops. In 1949 a
land use survey made by the Division of Water Re-
sources in connection with the current investigation
showed that there were about 10,000 acres of plums,
5,600 acres of pears, 2,900 acres of grapes, and 1,500
acres of peaches. Irrigated pasture has shown a recent
inerease in the foothill region, from less than 1,000
acres i 1940 to more than 5,600 in 1949. The pasture
supports dairy and beef cattle.

The growing of wheat on the valley floor became
established about 1850. Wheat was the major crop
during World War 1 when the area of this crop at-
tained a maximum of about 23,500 acres. The acreage
devoted to wheat remained fairly stable until World
War I, after which it decreased to about 10,000 acres
in 1951, Oats and barley have been grown for a num-
ber of years on approxmmately 5,000 and 1,500 acres,
respectively. Rice was grown to some extent during
the World War | period, but prodnetion ceased when
prices declined immediately after the war. The acreage
devoted to rice in 1940 was about 148 acres, and since
then rice acreage has increased cach year, reaching
5,610 acres in 1951. The growmg of irrigated pasture
and the production of pasture grasses for seed have
become important on the valley floor as well as in the
foothills. The total acreage in 1940 was 912 acres. The
acreage of irrigated pasture grown on the valley floor

m 19571 was 3,170 acres, while 6,340 acres were mapped
m the foothills in 1949. The pasture grown on the
valley floor is irrigated almost entirely by ground wa-
ter, while that in the foothills is all irrieated from
surface water supplies. In 1951 about 664 aeres of
ladino clover and 185 acres of bird’s-foot trefoil were
grown for seed. Plantings of irrigated pasture do well
on the shallow soils which predominate in the valley,
and good stands have developed even on hardpan ex-
posed by land leveling.

In addition to the growing of field and orchard
crops, the prodnetion of hvestock makes an important
contribution to the economy of Placer County.

The timber resources of Placer Clounty exceed five
billion board feet, more than one-half of whieh 1s
privately owned. Timber land covers abont 40 per cent
of the land area of the county, and most of the timber
is available for commercial purposes. Since construe-
tion of an access road to Mosquito Ridge on the Fovest-
hill Divide in 1950, approximately 35,000,000 board
feet of lnmber have been cut annually in that area.
A total of 66,678,000 board feet of lumber was cut in
the county during 1951. Ponderosa and sugar pine,
and Douglas and white fir are the most abundant
species.

The mining, shipping, and processing of clay is
another industry of importance. About 95,000 tons of
clay are mined annually, about one-half of which is
processed in the county into tile products. Other hn-
portant mneral products are asbestos, chrome, slate,
granite, gravel, and gold.

The mountains and lakes of Placer County offer
vacationists and tourists a year-round opportunity to
enjoy outdoor sports such as swhmming, boating and
fishing in the summer, and skiing in the winter. Fur-
thermore, the accomnodation of these part-time resi-
dents contributes an appreciable portion of the income
of the county.

Transportation facilities in Placer County include—
about 1,200 miles of roads and highways, more than
half of which are surfaced. The state highway system
consists of four major highways. U. S. Ilighways 40
and 99K enter the county from the west near Rose-
ville. They separate at Roseville, with U. N Iigh-
way 40 following the main divide over the Sierra Ne-
vada, and U. S. Highway 99E extending north along
the base of the foothills. State Ilighway 19 crosses the
county from north to south throngh Auburn, connect-
ing that «ity with Grass Valley to the north and
Placerville to the south. State Highway 89 extends
southward from U. S. Highway 40 near Truckee to
and avound Lake Tahoe.

In addition to roads, the transcontinental hne of
the Southern Pacific Railroad traverses the county
from Roseville to Truckee, paralleling U. S, Ihighway
40. \ second line of the same company parallels U, S.
ITighway 99E through the county.
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Roseville is the junetion point of all the major high-
ways and railways and is important as a motor and
rail transportation center. Extensive railway yards
and shops are located here, as well as one of the West’s
largest icing plants to service refrigerator cars. Olive
and wine processing plants are also located in the
vieinity.

The town of Lincoln, 12 miles north of Roseville, is
the center of the clay mining and processing industry,
as well as a shipping point for grain and turkeys.
Northeast of Roseville are the communities of Rocklin,
Lioomis, Penryn, Newecastle, Auburn, and Colfax. All
are important centers for processing, packing, and
shipping of fruit. Rocklin also has granite quarries
and works. Aubury, the county seat, is also the center
of lumbering, mithing, and mining interests.

Five hydroelectric power houses in the county,
inchuded in the Drum System of the Pacific Gas and
Electric Company, have a total capacity of about
105,000 kilowatts. Water from this hydroelectric de-
velopment meets the irrigation and domestic require-
ments of most of the western portion of Placer County,
from Gold Run to the base of the foothills along U. S.
Highway 99E. The Pacific Gas and Electric Company

and the Nevada Irrigation District convey and dis-
tribute water to consumers in this area.

There are about 916,000 land acres in Placer County
and about 49,000 acres of water surface. Of the total
land area, 293,000 acres are nontaxable. Some 225,000
acres of the nontaxable lands are in the Tahoe National
Forest, 43,000 acres in the El Dorado National Forest,
10,800 acres in the public domain under the jurisdie-
tion of the Department of the luterior, and 60 acres in
an Indian reservation. The State of California owns
12 acres of park at Lake Tahoe, 1,320 acres of school
lands, 574 acres as part of the Donner Memorial, 662
acres under Folsom Prison jurisdiction, 225 acres for
DeWitt State IHospital, and 12,000 acres of tax-deeded
tands. There are about 31,000 parcels of privately
owned land, one-third of which are improved.

The 1950 census reports a total county population
of 41,649, of which 13,376 lived in urban and 28,273
in rural areas. The following tabulation indicates the

rate of population increase in Placer County sinece
1880 :

Year Population Year Population
1880 R 1930 24,468
1910 18237 1940 28,108
1920 18584 1950, 41,649
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Credit: Roseville Area Chamber of Commerce

Roseville and Surrounding Area, Looking Northeast
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CHAPTER I

WATER SUPPLY

The sources of water supply of Placer County are
direct precipitation on overlying lands, tributary sur-
face and subsurface inflow, and imports of water for
irrigation and hydroelectric power production. The
water supply of the county is considered and evalu-
ated in this chapter nuder the general headings “‘ Pre-
cipitation.”” “‘Runoff.”” “‘hmnported and Exported
Water,”” ‘‘Underground Hydrology,”” and ‘‘Quality
of Water.”’

The following terms are used as defined in eonnec-
tion with the disenssion of water supply in this bul-
tetin :

Annual—This refers to the 12-month period from
January 1st of a given year through December 31st
of the same year, sometimes termed the ‘‘calendar
vear,”’

Seasonal—This refers to any 12-mounth period other
than the calendar year.

Preeipitation  Season—The 12-month period from
July 1st of a given year through June 30th of the
following vear.

Runoff Season—The 12-month period from October
1st of a given year through September 30th of the
following year.

Investigational Seasons—The three runoff seasons of
1948-49, 1949-50, and 1950-51, during which most of
the field work on the Placer County Investigation
was performed.

Mean Period—A period chosen to represent condi-
tions of water supply and climate over a long series
of vears.

Base Period—A period ehosen for detailed hydrologic
analysis because prevailing conditions of water sup-
ply and climate were approximately equivalent to
mean conditions, and because adequate data for
such hydrologic analysis were available.

Mean—This is used in reference to arithmetical aver-
ages relating to mean periods.

Average—This is used in reference to arithmetical
averages relating to periods other than mean pe-
riods.

In studies for the current State-wide Water Re-
sources Investigation it was determined that the 50
vears from 1897-98 through 1946-47 constituted the
most satisfactory period for estimating mean seasonal
precipitation generally thronghout California. Simi-
larly, the 53-year period from 1894-95 through 1946-

(2

~—

47 was selected for determining mean seasonal runoff.
In studies for Placer County, conditions during these
periods were considered representative of mean con-
ditions of water supply and climate.

Studies were made to select a base period for hy-
drologic analysis of Placer Connty during which con-
ditions of water supply and climate would approxi-
mate mean conditions, and for which adequate data
on stream flow, ground water levels, and water devel-
opment and utilization would be available. It was
determined that the three-year period from 1948-49
through 1950-51 was the most satisfactory in this
respect. Conditions during this chosen base period ap-
proached conditions prevailing during the mean pe-
riod and were considered to be equivalent. For this
reason, determined relationships between base period
water snpply and present and probable ultimate water
utilization were assumed to be equivalent to corre-
sponding relationships which might be expected under
mean conditions of water supply and climate.

PRECIPITATION

Placer County lies within the southern fringe of
storms which periodically sweep inland from the
North Pacific during winter months. The precipitation
resulting from these storms 1s moderate on the average
and increases to the cast with elevation. Direct pre-
cipitation as rain or snow provides a snbstantial por-
tion of the water supply of the area.

Precipitation Stations and Records

Thirty-four precipitation stations in or adjacent to
Placer County have unbroken records of 10 vears’
duration or longer. In addition, there are 10 stations
with records of less than 10 years. These stations are
fairly well distribnted areally and their reeords were
sufficient to provide an adequate representation of
the pattern of precipitation. Most of the records of
precipitation at these stations have been published in
bulletins of the United States Weather Bureau. The
unpublished records are included in Appendix D.
Locations of the precipitation stations are shown on
Plate 3, entitled ‘‘Lines of Equal Mean Seasonal Pre-
cipitation,”” with map reference numbers for most
stations corresponding to those utilized in State
Water Resources Board Bulletin No. 1, ‘“Water Re-
sources of California.”” The stations and map refer-
ence numbers arc listed in Table 2, together with
elevations of the stations, periods and sources of ree-
ord, and mean, maximum, and minimum seasonal pre-
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Map reference

number ‘
I
|

-3

?‘!
-1

o
ot |
o0

5-88_ .

5-89

5-90 _

5-98

5-99

5-99A

5-100_ _

5-107

5-108_

5-109

5-109A

5-10913
5-109C

5-110

5-111

Station

North Bloomfield _

Bowman Dam_

Lake Spaulding . - __

Fordyce Dam._

Grass Valley_ .

Gold Run ...

Deer Creek Power House.

Towle...._._ - ____

Drum Forebay . -

Blue Canyon_____ N o

Emigrant Gap -

Cisco_ - ...

Soda Springs_ -

Dionner Summit.

Wheatland .

Colfax-_ - .

Applegate

lowa 11ill

Nicolaus

Newcastle ..

Auburn_ __

Werner Ranch

Mount Pleasant
Cranston Ranch

(ieorgetown

Pilot Creek_

PLACER COUNTY INVESTIGATION

TABLE 2

MEAN, MAXIMUM, AND MINIMUM SEASONAL PRECIPITATION AT
SELECTED STATIONS IN OR NEAR PLACER COUNTY

Elevation,
in feet

5,347

5,075

£ 6,500

2,690

d 3,222

3,700

3,704

4,563

5,280

5,220

5,800

6,752

6,871

84

2,418

2,130

2,970

|
|

Period of

record

1870-19-44*

1871-1955

1894-1955

1894-1929

1872-1955

1899-1955*

1907-1955

1871-1920*

1916-1955

1899-1955

1870-1945%

1870-1955

1930-1955

1871-1951*

1887-1952%

1870-1955*

1906-1929

1879-1955*

1912-1955

1891-1940*

1871-1955

1933-1955

1944-1955
1948-1955

1872-1955%

1894-1914

Source of

record

U.S.W.B.

U.S.W.B.

LESAVBL

U.S.W.B.

U.S.W.B.

U.S.W.B.

U.S.W.B.

.55V B.

P.G.&E.

.S, W.B.

UL.5.0LB:

U.S.W.B.

U.8.3V.B.

U.S.W.B.

LS. NWLB:

U.S.3V.B.

Private

U.5.W.B.

U.S.W.B.

USHYIBY

U.S.W.B.

Private

Private
Private

U.S.\W.B.

U.S3V.B.

Mean
seasonal
precipitation,
in inches

51.11

66.50

65.31

64,47

52.62

48.65

64.46

59.12

55,56

57.60

52.52

47.22

18.96

15.36

20.84

16.22

47.23

48.93

18.32

28.38

33.12

29.40

Maximum and minimum
seasonal precipitation

Season

1906-07
1923-24

1903-04
1887-88

1903-04
1923-24

1894-95
1923-24

1889-90
1923-24

1950-51
1907-08

1937-38
1923-24

1913-14
1876-77

1950-51
1923-24

1906-07
1874-75

1889-90
1874-75

1951-52
1930-31

1879-80
1923-24

1889-90
1887-88

1889-90
1923-24

1910-11
1923-24

1889-90
18497-98

1940-41
1912-13

1906-07
1938-39

1906-07
1911-12

1940-41
1946-47

1889-90
1938-39

1903-04
1897-98
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Inches

77.84
21.47

142,07
29.40

102.56
34.39

116.52
35.78

89.82
24.55

82.72
28.06

103.89
28.89

85.86
32.34
95.19
25.96

101.67
28.04

94.30
17.35

97.63
28.19

79.45
26.23

80.10
20.76

33.69
11.07

89.80
20.40

71.87
18.69

91.04
29.47

32.46
7.07

48.05
16.63
56.73
12.63

43.39
21.00
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TABLE 2—Continued
MEAN, MAXIMUM, AND MINIMUM SEASONAL PRECIPITATION AT

Map reference Station Elevation,

number in feet
5-119__ ___ . . Roseville High School_  _ Y 160
5-120_ - _ .. _ Rocklin . 239
S-120A___________ Linecolm. .. _______ . ____ 160
S120B ot [logmisieite e L - 380
5-120C.___ . - Penryn. .. _________ . 4 600
i ] s = R Represa 305
5122 Shingle 1,425
5123 - o Placerville_ _ _ 1925
5-131 _ .. Sacramento 25
53-184. . Folsom. . . - 252
0136 Lincoln____ . 200
5-0137 - . MeKinney . 6,225
5-0138 Michigan Bhutf 3,200
50139 _ . ___ _| Newcastle._ ____ 970
5-0142_ Wirebridge 565
6-6--_ . - | Trackee . o 6,000

[

(i e ! Boeazio im0 e e 5,535
BB oo s s ‘ iahoe o e s S 6,230

Maximum and minimum

Mean seasonal precipitation
Period of Source of seasonal i -
record record precipitation,
in inches Season Inches
1926-1955 Private 17.12 1951-52 25.34
1938-39 10 78
1870-1955 .S B: 23.14 1906-07 38.63
1923-24 10.42
1946-1955 Private e se e (R
1947-1955 Private DI | | I |
1948-1955 Private |  __ mie o ARl
1893-1955% U.S.W.B. 23.94 | 1906-07 13.12
| 1923-24 11.54
|
1819-1955* U.S.W.B. 30.04 ‘ 1861-62 79.24
! 1397-98 14.60
|
1874-1955 U.S.W.B. 38.55 y 1889-90 78.23
1923-24 20.13
1819-1955 U.S.W.B. 16.37 ’ 1852-53 36.35
i 1850-51 1.71
1871-1955 U.S.W.B. 23.70 1889-90 43.31
1876-77 10.19
1898-1900 U.2AV.B B0 L ST e T R ey
1913-1918* U.S.W.B. ER (| e
1940-1955 U.S.W.B. o R . I
1936-1939 Private
1897-1901 U.S.W.B. . . . "
1870-1955 J.SAV.B. 25.39 1889-90 54.84
1887-88 9.35
1870-1955 U.SAV.B. 19.88 1889-90 5205
1876-77 | 7.60
1910-1955 U.SV.B. 30.60 1951-52 54.87
1923-24 14.18

* Broken record.
U.S.W.B.—United States Weather Bureau.
P.G.&E.—Pacific Gas and Electric Company.

cipitation. Tn those instances where it was necessary
to estimate the mean seasonal precipitation, the avail-
able records were extended to cover the 50-year mean
period by comparison with records of nearby stations
having records covering this period.

Precipitation Characteristics

The general precipitation pattern in Placer County,
as indicated on Plate 3, inereases from west to east
with inereasing elevation. Because of the large differ-
ellces in precipitation on the area, no single station is
representative of rainfall over the county. Ilowever,
the seasonal rainfall measured at Sacramento was con-
sidered to be a suitable index of general precipitation
over the Valley Unit. Similarly, Auburn was con-
sidered to be a representative index of general pre-
cipitation on the Foothill and Bear River Units. Ree-

ords of precipitation at Sacramento and Auburn are
available since 1849-50 and 1871-72, respectively. A
record of precipitation is available at Blue Canyon
stmee 1899-1900, and was considered to be a repre-
sentative index of general precipitation on the Ameri-
can River, Yuba River, and Tahoe Units. Recorded
seasonal precipitation at these stations is presented in
Table 3, and 1s shown for Auburn on Plate 4, entitled
“Recorded Seasonal Precipitation at Auburn.”
Precipitation on the Valley and Foothill Units con-
sists almost entirely of rainfall. However, heavy snow-
fall is general in the winter at elevations above about
3,500 feet. Depths of snowfall in the Sierra Nevada
are excecded m few parts of the United States. In
March, 1907, and again in 1911, 308 inches of snow
were measured at Donner Summit. Depth of snow on
markers at railroad stations on the transcontinental
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TABLE 3
RECORDED SEASONAL PRECIPITATION AT SACRAMENTO, AUBURN, AND BLUE CANYON

(In inches)

Season Sacramento Auburn Blue Canyon
1849-50 _ . 36.00 e e e
50-5 4.71 e
51-5 ‘ 17.98 -
52-53 36.35
53-54 ‘ 20.06 A
18.62 . .
13.76 ) S
o 10.46
B7Z-H85 s 14.99
5859 16,04
1859-60 - _ 22.06
60-61_ 16.18
61-62 36.10 . .
62-63 11.59
63-64 779 =
1864-65 22.59 o
65-66 _ | 17.91
66-67 . 25.32
67-68 32.79
68-69 16. 64
1869-70 13.57
70-71 . 8.47 -
71-72_ . 23.65 39.98
72-73 . 14.19 25.19
73-74 22,92 34.55
|
1874-75 | 17.70 27.73 e
7576 . 26.30 44.15
76-77 . . 9.19 18.86
77-78. 24.86 36.11 .
7879 17.85 34.94 s
1879-80. - 26,47 41.55 =
80-81. -3 26,57 37.18 o
81-82 = 16.51 33.60
82-83 . 18.11 25.64
83-84 oE | 24.78 10.96
1884-85_ . 16.58 25.56 =
85-86_ _ 32.27 42.32 e
8O-87 -t 13.97 27.59 =
R7-88 11.56 21.68
88-8G 19.95 26.75
1889-90 . 33.80 48.68
90-91 . 15.81 24.7
91-92 . 15.18 32.17
92-93 _ _ 5 = 23.95 40.79
93-94 _ PR 16.35 35531
1894-95_ . _ e 24.11 4442
050650 S 23.23 35.7
96-97. -~ . ___ 17.32 39.89
97-98 e 10.51 20.36
98-99_ . 15.04 29177
1899-1900 . 20.24 37.32 61.35
00-01 _ 20,21 36.96 65.47
01-02-"- oz 17.27 40.53 65.41
02-03 . __ 16.62 36.30 58.98
03-04. R . 16.87 44.72 98,94

\

i
|

Season Sacramento Auburn Blue Canyon
1904-05 . 21.98 33.35 58.32
05-06_ _ 23.93 46.57 93.26
06-07 .~ . 24.04 56.73 100.47
07-08 _ 12520 22 .66 19.05
08-09_ _ 21.78 14,44 7.07
1909-10 12.18 36.12 | 64.11
10-11_ " 21.98 39.59 | 73.86
11-12_ 9.55 12.63 [ 41.17
12-13. 8.03 16.12 52.59
13-14 20. 44 29.79 82.77
1914-15 - 17.20 78.89
15-16 . _ . 18.29 65.12
16-17 . . 12.95 55.09
17-18 -~ . 10.61 40.78
18-19- -~ 5 > 172520 49 .34
1919-20 8.90 25.61 36.26
20-21_ 16.80 45.10 77.44
21-22 == 14.16 37.87 TINID
22-23 15.69 39.40 51.91
23-24_ _ . 7.99 14.77 28.04
1924-25 - . 17.70 31.99 64.66
25-26 16.05 23.80 41.06
26-27 - 17975 39.05 63.59
27-28_ 11.60 28.60 46.42
28-29 o= e 10.39 23.39 33.36
1929-30 . . : 13.62 24.87 24,87
30-31_ = e 8.43 ! 19.68 31.73
3132 e 12.57 | 33.18 53.89
32-33__ . 8.12 | 20.38 29.18
33-34_ 1 11.58 28.12 | 32.87
1934-35__ . 2 21.10 36.75 53.60
35-36_ A5 20.53 | 11.99 57.81
36-37__ A 19.76 38.93 41.74
37 3 e s g 24.83 10.74 63.98
okt e L Q.74 21.48 36.03
1939-40_ . - 25.07 13.00 77.74
40-41__ . ___ e 31.83 50.35 81.75
4142 . . 24.94 19.13 78.54
42-43_ . . 19.98 13.16 73.26
13-4 17.58 [ 27.13 39.41
1944-45_ _ __ S e 17.06 31.22 47.70
4546 . 13.91 32.10 60. 44
46-47 P 11.59 27.38 47.49
4748 S—aaca 15.44 32.16 57.80
1849 ___ = 14.87 29.61 44.68
1949-50 R 14.31 ! 30.13 66.10
SUSIREY e o 19.54 51.55 94,28
Sl-p2-— .. AR 26.58 50.61 101.67
52-53__ . A 18.33 : 34.03 76.56
Average for 3-year
base period, 1948-19
through 1950-51__ . _ 16.24 37.10 68.35
Mean_—— ... . 16.37 33.12 57.60
Average for period of
record_ . ._____ ~o Y 18.08 33.78 62.10

ailroad erossing the Sierra Nevada indicated that dur-
ing the season of 1879-80 and 1889-90 the snowfall was
370 inches. On Mareh 20,1952, a new official record of
snowfall was established when a snow depth of 314
inches was measured at Donner Summit. The foregoing
ficures of snowfall are given for snow depth at time of
nieasurement.

Seasonal precipitation in Placer County iunereases
with elevation from west to east, as is shown on Plate
3. Mean seasonal depth of precipitation ranges from
about 18 inches at Nieolaus, about six wmiles west of
the county line, to about 65 imches at Lake Spaulding
where the elevation is 5,075 feet. Short-term pre-
cipitation records, measurements of snow depth, and
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runoff considerations indicate that nwean seasonal
depths of precipitation in excess of 70 inches ocenr
on the higher watersheds of the American River.

Precipitation varies over wide limits from season to
season, ranging at Auburn from about 38 per cent of
the scasonal mean to about 171 per cent. Maximum
seasonal precipitation at Auburn occurred in 1906-07
when 56.73 meches of rain were recorded. Tn 1911-12,
the minimwn season at this station, precipitation was
only 12.63 inclies. Long-term trends in precipitation
in Placer County are indicated on Plate 5, entitled
 Necumulated Departure From Mean Seasonal Pre-
cipttation at \uburn.”’

Nearly 80 per cent of the seasonal precipitation in
Placer County occurs during the five months from
November through March on the average, and the
summers are dry. Mean monthly distribution of pre-
cipitation as recorded at Auburn is presented in
Table 4.

TABLE 4
MEAN MONTHLY DISTRIBUTION OF PRECIPITATION
AT AUBURN
Precipitation Precipitation
Month In per Month 1n per
In cent of In cent of
inches seasonal inches  seasonal
total total
0.01 0.0 January 6.30 19.0
0.01 .0 February__ 5.96 18.0
0.43 I3 M iNTarely - o oo 18 5.07 15.3
October _ __ . .72 5.2 April___._______ | 2.86 8.7
November__.______| 3.44 10.4 || May._________ 1.25 3.8
December_ ... ___| 5.66 71l June. ... . 0.41 1.2
TOTALS..__| 33.12 100.0

Quantity of Precipitation

Determination of seasonal quantity of precipitation
m Placer County was limited to the Valley and Foot-
hill Units, As discussed later in this chapter, the
Valley Unit was the only unit for which determina-
tions of safe ground water yvield and overdraft were
made, requiring an estimate of the quantity of pre-
cipitation. A determination of seasonal quantity of
precipitation on the Koothill Unit was required for
derivation of seasonal consumptive use in the unit,
as presented in Chapter ILI. The mean seasonal quan-
tity of precipitation on the Valley and Koothill Units
was estimated by plotting mean seasonal depth of pre-
cipitation at stations in or adjacent to PPlacer County
on a map. Lines of equal mean seasonal precipitation,
or isohyets, werc then drawn, as shown on Plate 3.
By planimetering the arcas between these isohyets, the
weighted mean seasonal depths and total quantity of
precipitation for the two units were estimated.

The estimated value of weighted mean seasonal
depth of precipitation on the Valley Unit was found
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to agree closely with the arithmetic average of mean
seasonal rainfall at Rocklin, Roseville, and Sacra-
mento, while the value of weighted mean scasonal
depth of precipitation on the Foothill Unit was found
to agree closely with the arithmetic average of mean
seasonal rainfall at Anburn, Rocklin, and Roseville.
The seasonal depth and quantity of precipitation for
the two units during the investigational seasons were
therefore determined as the arithmetic averages of the
recorded precipitation at the above stations for the
sclected seasons. The results of these estimates for the
mvestigational seasous, and base and mean periods,
are presented in Table 5. The precipitation index for
each of the investigational seasons is also shown in
Table 5. The term ‘‘precipitation index’’ refers to the
ratio of the amount of precipitation during a given
season to the mean seasonal amouut, and 1s expressed
as a percentage.
TABLE 5

ESTIMATED WEIGHTED SEASONAL DEPTH AND TOTAL

QUANTITY OF PRECIPITATION ON VALLEY AND FOOT-

HILL UNITS OF PLACER COUNTY

Valley Unit Foothill Unit

Precipitation Precipitation
Season Pre- #F| W : L e TR i
cipi- cipi-
tation | Depth., Quantity,| tation Depth, Quantity,
index in in index in in
inches acre-feet inches | acre-feet
1948-49 .. __ 87 16 .4 149,600 87 Y 251,700
1949-50. . _____ 85 16.1 146,900 87 21.3 250,500
1950-51 Coss st sr iy 113 21 .4 193,200 130 31.9 375,300
Average for 3-ycar
base period,
1948-49 through
1950-51.________ 95 18.0 164,200 102 24.9 293.600
MeanWic Lo i, 100 | 18.9 172,400 100 24.5 287,900

Runoft from the highly productive watersheds of
the Sierra Nevada constitutes the most unportant
source of water supply available to Placer County.
Portions of the watersheds of the American, Yuba,
and Bear Rivers, together with those of numerous
minor streams, and a part of the Lahontan Basin east
of the crest of the Sierra Nevada, are included within
Placer County. A substantial portion of these water
resources is largely unregulated and undeveloped, and
is a potential source of water to meet further require-
ntents not omnly in Placer County but in water-defi-
cient areas in other parts of (alifornia.

Stream Gaging Stations and Records

Available records of rnmoff of thie principal streams
of Placer County were sufficient in number, length,
and reliability for pnrposes of required hydrographic
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TABLE 6
STREAM GAGING STATIONS IN AND ADJACENT TO PLACER COUNTY
i ; Drainage
Map reference . area, in Period of Source of
number Slizans Sation square record record
miles
| W W DRIl || SR et e e = N, L e o oS U TR
[ [
Valley and Foothill Units
52438 ______ | CoonCreek_____._ o | at U, 8. Highway 99E__ _______________________ 81 1947-55 DWR
5-243B% ______ Diversion to Gold Hill from South Canal_______ at Wise Power House________ __ ____________ . 1939-55 NID
5-243C*_______ Diversion to Gold Hill. - _____________________ at Tunnel 10... . __________________ B 1939-55 NID
5-243D% __ Auburn Ravine Canal________________________ L5780 LYY S =~ 1939-55 NID
5-243E______ . _ Auburn Ravine ____________________________ at U, S, Highway 99E ___ ______________________ 32 1947-55 DWR
S2H3WT e Pleasant Grove Creek______________ . ____ ___ at Lincoln Road. .. __________________________ 13 | 1950 DWR
5-243G_ - __ Linda Creek .- .. ___________________ ———-|atRoseville. __________________________________ 85 1948-55 DWR
S-DU3H SN Reclamation District 1001 Channel ____________ at Pacific Avenue________________ _____________ 222 1949-55 ‘ DWR
American River Unit |
5-263%________ Lake Valley Canal .______ ___._ _____________ atintake_ ______ e __.__ S 1930-37 | PG&E
GRS North Fork of American River_._____.__._____ 9|8near Golfaxts. Soimiinnny B L S 308 1911-41 USGS
3-265__ - _____ North Fork of American River_._________ ____ at North Fork Dam_ .- ________________________ 343 1941-55 USGS
82650~ Middle Fork of American River___________ == 2ot Freneh Meadows-oeo oo -2 -~ e 1951-55 USGS
5-266_  _______ Rubicon River______________________________ at Rubicon Springs_ - _______________________ —— 1910-14 USGS
=267 e Little’Rubicon Riverc i oo o om o S negr R ubicoNISHEINES SEe ol s e e 1911 USGS
5-268._____ __ GerleCreek____ ____ _______________________ near Rubicon Springs_ _________________________ s 1910-14 USGS
5-269 ________ LittlesSoutly Bork Diteh o oo e - - oo 2 S A e = 1910-13 USGS
5-270_ - _______ Little South Fork of Rubicon River . .. _ at Sawondll o I S . 1910-14 USGS
5-271__ _____ 4 Little South Fork of Rubicon River--_-._—_____| below Gerle Creek- oo o - .. .. __._ i 1910-14 USGS
=278 . Little South Fork of Rubicon River______ atmouth___.______________ _ SIS I 1909-11 USGS
5-279_ ______ . Rubieon River- """ - oo L Shnear Quintette oo Cooo e e e 198 1909-14 USGS
Rubicon River_ - ___________________ —--— - near Georgetown 198 1943-55 USGS
52280 e B ROt Cras o BN S B SRS ST e near Quintette_ . ______ . ___ _________________ 15 1910-14 USGS
1946-55
F=DRIT SO Pilot Creek Diteh . _________________ _______ near Quintette_ _________ . T | . 1910-14 | USGS
Georgetown Diteh-o- - _ o0 0 Tt At near Georgetown.________ <. . — 1947-55 USGS
5-281A__ . Georgetown Diteh____________________ _______ abovePillotCreek_____________________________ e 1947-55 USGS
B=282 . Middle Fork of American River_______________ 12 h50s 67 5 ot et B D R P I 619 1911-55 USGS
5-283%___ _____ South Canal _______________._..______________near Newecastle_______________________________ S 1930-55 PG&E
5-281_______ Nortl Hork of ‘AmericantRiverswe - =on oo 8 | St Rattlesnake Bridges s Soceo s - oo oo o 0 999 1930-37 USGS
| 1938-55
5309 - sool o American River_____ S e S | e at FairOaks_______________________________.___ 15921 1904-55 USGS
| Bear River Unit
5-233B ____ (B (O e e o mm o me e B SWinear Witeatland S0 e s S 1946-55 USGS
5-235_ - S Bear River-_ . ____ o S et SN Shea T Colfan. ... e e Y] _— 1912-17 USGS
1949-55
G230 ! Beanl Riverace o L st = e . __|mearAuburn_________________ . ________ — 140 1922, 25 USGS
28, 29, 33
1940-55
ST s L e L O Ry cxomimmr e o s smit = o o e at Van Trent_ - __________ S 1904-28 USGS
523 8 W Bear River . _____ ________ _________ B BT Enear Willest and S e 295 1928-55 USGS
5930% . .. Boardman Caual L e e ' pearintake____.________________ EVES— oo 1930-55 PG&E
5-240%_ _ _ __ Lake Valley Canal_______~ ________ I | 5 o ENEL T 1 2T AT DAy Ot S SRS 0 B, . SO — 1930-55 PG&E

PCWA-025



WATER

SUPPLY 29

TABLE 6—Continued
STREAM GAGING STATIONS IN AND ADJACENT TO PLACER COUNTY

|

Drainage
Map reference i st Stati area, in Period of Source of
nuinber ‘ SEICal AL square record record
} miles
. ; bor | B | -
Bear River Unit—Continued ‘
5241 _______. Drum Canal (Towle Canal)_ . ___| below Drum Forebay (at head)_ 1 1930-55 PG&LIS
|
Gl o Bear River Canal.__.___________ meaz@olfa xR ! e 1912-55  USGS, PG&E
5-242A%_ Bear River Canal____ _ _ . near Halsey Forebay .. . . 1938-55 PG&E
GeR43k . . Gold Hill' Canal =2 S s s -~ 2 S belonw Conibie Dam = SSuSues s i e s 1930-55 NID
Yuba River Unit
5-209_ ... ... Canyon Creek_ .. . S -| above Jackson Creek._.. ____ I ; 19 1926-30 USGS
§=230-_ - __ Jackson Creek_ . . . U ~~-(latmouth__—_____________ . A ‘ 6 1926-30 USGS
55200 o oo o Milton-Bowman Tunnel - .| atoutlet____________ J I 1928-30 USG=
) 1931-55
5212 . ____ Bowman-Spaulding Canal . .. . _. atintake_ __________ __ o o L 1927-55 USGs
5213 Ganyon Greeki il - . 0 - below Bowman Lake ..~ B | 32 1927-55 USGs
|
5-214_ South Fork of Yuba River. ____ . ________ near Cisco__________ Y. LR A 50 1942-55 | USGS, USBR
5-215%_ _ _ Drum Canal . ____ near Lake Spaulding._ S o, 1930-55 PG&E
5-216%_ Spaulding Spillway .. .. ___ . _ _______ at Lake Spaulding .= - J L 1941-55 PG&E
5-217%__ . ___ South Yuba Canal__.______________ __________| at Lake Spaulding_____ : - NS - 1930-55 PG&E
5-219%_ __ South Fork of Yuba River____ _____________ __ at Langs Crossing_ - N e 1933-55 PG&E
| Tahoe Unit
6-24____ . __ Truckee River_ . ___ ________________________ at Tahoe_______________ . ____ . 519 1900-43 USGS
6-25_ _________ Truckee River_ .. ______________ _________| near Truckee__________ __ _ NSRRI | 518 1944-55 USGS

DWR—Division of Water Resources.

N1D—Nevada lrrigation District.

PG&E—Pacific Gas and Electric Company.

USGS—United States Geological Survey.

USBR—United States Bureau of Reclamation,

* Records of runoff in Placer County not previously published.

studies. With respect to certain of the smaller streams,
however, records of runoff were nonexistent or con-
fined principally to measurements made during the
mvestigational seasons. By comparison with records
of nearby stations, estimates were made of runoff of
these smaller streams.

Table 6 lists those stream gaging stations pertinent
to the hydrography of Placer County, together with
their map reference numbers, drainage areas above
stations where significant, and periods and sources of
records. These stations are also shown on Plate 3. The
map reference numbers for most statious listed corre-
spond to those used in State Water Resources Board
Bulletin No. 1, ‘““Water Resources of California.”
New map reference numbers were assigned to stations
installed, operated, and maintained as a part of the
Placer County Investigation. Most of the records
listed in Table 6 have been published by the United
States Geological Survey in its Water-Supply Papers,
or by the Division of Water Resources in its Reports
of Sacramento-San Joaquin Water Supervision, or in
Bulletin No. 6 of the State Water Resources Board,
“Sutter-Yuba Counties Investigation.”’ Runoff rec-

ords not published elsewhere are included in Ap-
pendix K of this bulletin.

Runoff Characteristics

An excellent continous record of flow of the Ameri-
can River at Fair Oaks is available for the period
since Noveumiber, 1904, when a stream gaging station
was established at Fair Oaks by the United States
Geological Survey. Although this record does not pro-
vide an exact weasure of runoff from watersheds in
Placer County, it is the most important record of the
American River system, and does reflect character-
isties of tributary mountain runoff in Placer County.

Flow of the American River to the valley floor 1is
impaired by operation of upstream reservoirs and by
operation of hydroelectric power plants. An estimate
of the natural runoff of the American River at Fair
Oaks, as 1t would be if unaltered by upstream diver-
sion, storage, import, export, or change in upstreain
consumptive use of water caused by development, is
included in State Water Resources Board Bulletin
No. 1, “Water Resonrces of California.’”” This esti-
mate, extended to include the season of 1951-52) to-
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gethier with vecorded seasonal runoff of the American
River at Ifair Oaks, is presented in Table 7. The esti-
mate of natural flow is also shown graphically on
Plate 6, entitled ‘‘ Estimated Seasonal Natural Runoff
of American River at Fair Oaks.”’

TABLE 7

PLACER COUNTY INVESTIGATION

TABLE 8

ESTIMATED SEASONAL NATURAL FLOW OF NORTH FORK
OF AMERICAN RIVER NEAR COLFAX AND OF AMERI-
CAN RIVER AT FAIR OAKS, 1948-49 THROUGH 1951-52

(In acre-feet)

RECORDED AND ESTIMATED NATURAL SEASONAL
RUNOFF OF AMERICAN RIVER AT FAIR OAKS

(In acre-feet)

Estimated | Estimated
Season R“('("‘d(.’(l natural Season Rm‘orrl(fd natural
b runofi runoft CanGt
=495 l o 5,182,000 1,370,000 | 1,386,000
93-96 . _ ) 3,564,000 3,630,000 | 3.652,000
96-97 3,064,000 2,530,000 ' 2,521,000
97-98 938,000 1,160,000 = 1,147 000
48-99 ‘ 1,854,000 29-30. 1,580,000 | 1,652,000
|
18499-1900 [ 3,297.000 1930-31 655,000 716,000
00-01_ _ 1 3,396,000 31-32 2,570,000  2.595.000
01-02_ [ 2,592,000 32-33 1.330,000 1,270 000
02-03 | 2,515,000 | 33-34 1,130,000 1,124,000
03-04 | 5,390,000 34-35 2,572,000 2,581.000
1904-05 #1,960,000 2,174,000 | 1935-36._ 3,415,000 3,393,000
05-06 1,762,000 = 4,838,000 | 36-37__ 2,401,000 2,328,000
06-07 5,710,000 5,786,000 37 38 4,552,000 4,507,000
07-08 1,450,000 1,526,000 38-39 1,086,000 1,040,000
08-09 4,540,000 = 4,624,000 | 39-10_ 3,442,000 3,403,000
1909-10 3,540,000 3,614,000 = 1940-41 3,213,000 3,142,000
WEE] - 6,480,000 = 5,554,000 41-42 3,991,000 3,914,000
11-12. 1,260,000 1,338,000 . 42-43 3,931,000 3,875,000
12-13_ . 1,430,000 1,513,000 43-44 1,537,000 1,462,000
13-14 3,950,000 4,045,000 44-45 2,564,000 2,514,000
1914-15_ 3,060,000 3,154,000 | 1945-46 2 858 000 2,866,000
15-16. 3,850,000 2,940,000 16-47 1,419,000 1,417,000
16-17 2,830,000 2,923,000 17-48 2,262,000 2,239,000
17-18 1,420,000 1,503,000 = 48-49 1.906,000 1,857,000
18-19 2,150,000 2,229,000 , 49-50_ 2,705,000 2,664,000
1919-20 1,390,000 1,467,000 50-51 4,667,000 | 4,631,000
20-21_ 3,220,000 3,204,000 51-52 5,028,000 | 4,974,000
21-22_ 3,350,000 3,279,000
22-23 _ 1 2,750,000 2,751,000 . Mean sea-
23-24 1 530,000 543,000 sonal natu-
24-25 2,760,000 2,717,000 ral runoff _ 2,774.000

* Partial record,

North
Fork of American
S Runoff American Runofl River at
i index River index Fair
near Oaks
Colfax
! ——
1948-49 67 393,000 68 1,857,000
1949-50 97 268,000 96 2,664,000
1950-51 _ 166 972,000 167 4,631,000
1951-52 190 1,106,000 179 4,974,000
Average for 3-year base |
period, 194849 through
1950-51 110 644,000 110 3,051,000
Mean_ 100 584,000 100 2,774,000

Istimates of natural fow of the North Fork of the
American River near Colfax and of the American
River at Fair Oaks indicate that average seasonal
runoff during the three-year base period approxi-
mated the seasonal mean during the 53-year period.
The estimates of natural flow for each season of the
three-year base period and for 1951-52 are presented
m Table 8, together with runoff indices for natural
flow at both stations. The term ‘‘runoff index’’ refers
to the ratio of the amount of runoff during a given
season to the mean seasonal amount, and is expressed
as a percentage.

Discharge of streams of the American River system
varies between wide limits from season to seasomn, and
within the season. This is indicated by flow of the
American River at Fair Oaks, where the maximum
recorded seasonal runoff oceurred in 1910-11, and
amonnted to more than 6,480,000 acre-feet. The mini-

mum seasonal runoff recorded at this station occurred
in 1923-24, and was about 530,000 acre-feet. Maximum
recorded mstantancous discharge was 169,000 second-
feet on November 21, 1950, and the minimum dis-
charge was about 3.6 second-feet on Angust 16, 1924,
Estimated average monthly distribution of seasonal
runoff of the American River at Fair Oaks for the
period of record is presented in Table 9. lLong-term
trends 1 runoff of this stream are indicated on Plate
7, entitled *‘Accumulated Departure From Mean
Seasonal Natural Runoff of American River at Fair
Oaks.”’
TABLE 9

ESTIMATED AVERAGE MONTHLY DISTRIBUTION OF AVER-
AGE SEASONAL RUNOFF OF AMERICAN RIVER AT FAIR
OAKS, 1904-05 THROUGH 1951-52

Month Runoff, ‘ Per cent of

t in acre-feet seasonal total
October. 20,000 ‘ 0.9
November._ 60,000 2.0
December_ 130,000 4.9
January .. 270,000 ] 9°9
February. 330,000 1 12.5
March . 420,000 15.6
April 490,000 ‘ 18.1
May. 540,000 ! 20.0
June 310,000 ! 115
July 80,000 | 3.0
August 20,000 ‘ 0.7
September 10.000 I 0.5

TOTALS 2,680,000 100.0

Quantity of Runoff

Available records of streamn flow, ineluding those
obtained from measurements made in coumnection with
the investigation, were sufficient to permit estunates of
the amount of runoff of various streams in and adja-
cent to Placer Connty. The mean seasonal quantity of
runoff was determined for the more important stations
m the Valley, Foothill, American River, Bear River.
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Yuba River, and Tahoe Units, For purposes of re-
quired hydrologic analysis, it was necessary to make
detailed study of measured or estimated runoff of the
-arious streams and canals in the Valley and Foothill
Units during the investigational seasons.

In general, mean seasonal natural rnnotf of streams
i1 and adjacent to Placer County was estimated from
available records, from correlation with runoft of
nearby streams having records over long periods, and
from correlation with precipitation indices. Estimates
of seasonal natural runoff of the Bear, American, and
Truckee Rivers were taken from Ntate Water Re-
sources Board Bulletin No. 1. Mean seasonal natnral
runoff of the Bear River near Wheatland and of the
American River at Fair Oaks was computed by
extending their periods of record back over the
remaiing seasons of the 53-vear mean period by cor-
relation with preecipitation indices of adjacent stations.
Mean seasonal natural runoff of the South Fork of
the Yuba River near (isco was obtained by correla-
tion with the runoff of the South Fork of the Yuba
River at Langs (rossing and the Yuba River at
Smartville, Estimates of seasonal natural runofi of
the North Fork of the American River near (olfax,
and of the Middle Fork of the American River near
Auburn were obtained by correlation with seasonal
natural runoff of the Amervican River at Fair Oaks.
Mean seasonal natural runoff of the Truckee River at
Tahoe was obtained by correlation with runoft of the
Tuolumue River near La Grange. Mean seasonal na-
tnral runoft of Coon Creek and of Auburn Ravine was
estimated by correlation with the Bear River at
Wheatland. The resnlts of the above estimates of mean
seasonal natural runoff arve presented i1 Table 10.

TABLE 10

ESTIMATED MEAN SEASONAL NATURAL RUNOFF OF
STREAMS IN AND ADJACENT TO PLACER COUNTY

Drainage Runoff,
Unit and stream area, in in
square miles acre-feet
Valley and Foothill Units
Coon Creek at U. S. Highway 99E____ . 84 50,400
Auburn Ravine at U. S. Highway 99E_ 32 36,300
Ameriean River Unit
North Fork of American River near Colfax 308 584,000
Middle Fork of American River near Auburn 619 1,178,000
Ameriean River at Fair Oaks. __ ___________ 1,921 2,774,000
Bear River Unit
Bear River at Wheatland =~ _ 2 295 356.000
Yuba River Unit
South Fork of Yuba River near Clisco . 50 135,000
Tahoe Unit
Truckee River at Tahoe ______ - ‘ 519 173,000

Inflow to the Foothill Unit was taken as the sum
ot flow of the Bear River Canal of the Pacific Gas
and Electric Company, measured at Ialsey Forebay,
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and of the Gold 1HIl Canal of the Nevada lrvigation
District, measured below Combie Dam. Outflow from
the Foothill Unit was taken as the sum of flows of
the South (tanal of the Pacific Gas and Electric Com-
pany measured above spill to the American River,
Coon Creek at U. N, Highway 99K, Auburn Ravine at
U. S. Ihighway 99E, and Linda Creek at Roseville,
The flow of water in the Boardman Canal entering the
mnit, and the flow of water in the Shirland Diteh leav-
ing the unit, were omitted, since the flow in each 18
about equal.

Inflow to the Valley Unit was taken as the sum of
the flows of C'oon (reek at 17, S. Ilighway 99E and
Auburn Ravine at U. 8. Ilighway 99E. Outflow from
the Valley Unit was taken as the sum of the flows of
Reclamation Distriet 1001 Channel at Pacifie Avenue,
Yankee Slongh at Sutter county line, and Pleasant
Grove Creek at Fifield Road, and the runoff from the

TABLE 11

MEASURED AND ESTIMATED SEASONAL SURFACE IN-
FLOW TO AND OUTFLOW FROM FOOTHILL AND
VALLEY UNITS, 1948-49 THROUGH 1950-51

(In acre-feet)

Average
Season for
3-year
base
Source | period,
1948-49
1948-49 1949-50  1950-51  through
1950-51
FOOTHILL UNIT
Inflow
Bear River Canal at Halsey
Forebay__ . ____ 251,700 227,200 | 235,200 | 238,000
Gold Hill C'anal below Combie
Damce S T Lt S 25,700 30,700 24,000 26,800
TOTALS .. __ 277,400 257,900  239.200 264,800
Outflow
South Canal above spill . 139,100 135,100 124,700 133,000
Coon Creek at U, 8. Highway
9E_ . S s e 36,300 39,500 90,400 55,400
Auburn Ravine at U. 8. lligh-
way 99E__ A 47,400 34,600 67,600 49,900
Linda Creek at Roseville___ . 530,000 34,900 65,500 43,500
TOTALS_ ... ______ 252,800 244,100 348,200 281,800
VALLEY 1IN1T
Inflow
Coon Creek at U, 8. Highway
99E e o 36,300 39,500 490,400 55,400
Auburn Ravine at U. S. High-
way 99E______ - 47,400 34,600 67,600 49,900
TOTALS 83,700 74,100 158,000 105,300
Outflow
Reelamation Distriet 1001
Channel at Paeifie Avenue___| *64,800 @ **¥53,300 165,600 94,600
Yankee Slough at Sutter eounty
line. ... .. ____. 1 *2,200 *1,000 *7,300 *3,500
Pleasant Grove Creek at Fi-
field Road . _ *3,400 *1,600  *11,400 *35,500
Linda Creek_.. . *1,800 *800 *6,000 *2,900
TOTALS 72,200 56,700 190,300 106,500

* Estimated.
** Partially estimated.
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portion of Linda Creek drainage area contained within
the Valley Unit.

Measured and estimated seasonal surface inflow to
and outflow from the Foothill and Valley Units during
the investigational seasons and base period are pre-
sented in Table 11.

IMPORTED AND EXPORTED WATER

Water is imported to Placer County through the
Bowman-Spaulding System of the Nevada Irrigation
District and the Pacific Gas and Electrie Company,
for wrigation of lands in the Valley and Foothill
Units and for power development. The Drum Canal,
owned by the Pacific Gas and Electric Company, eon-
veys water from Lake Spaulding to the Drum Power
House forebay, where hmited amounts of water are
occasionally spilled into Canyon Creek, and thence to
the Boardman Canal which conveys irrigation water
to areas of use. Water imported through the Drum
(anal in 1948-49, 1949-50, and 1950-51 amounted to
about 285,100 acre-feet, 276,800 acre-feet, and 348,800
acre-feet, respectively. From the Drum Power House
afterbay water is conveyed through a pressure tunnel
to the Duteh Flat Power House. Water returned to
the Bear River from the Dutch Flat Power House is
diverted to Placer County at the Bear River Canal
intake near Colfax.

Water was formerly exported from Placer County
through the North Fork Diteh of the North Fork
Ditch Company, for domestic and irrigation use in
Sacramento County. This water was diverted from the
North Fork of the American River and delivered to
areas of use in Sacramento County through a ditch
and steel pipe line. However, since the completion of
Tolsom Dam and Reservoir, the diversion is made
at the dam. Although aceurate data are not avail-
able, it is estimated that from 25,000 to 30,000 acre-
feet of water per season are exported through the
North Fork Diteh at the present time.

UNDERGROUND HYDROLOGY

Detailed studies of underground hydrology in
Placer County were limited to the Valley Unit, which
overlies a portion of the Sacramento Valley ground
water basin. Preliminary examination and study re-
vealed that the relatively small yicld of ground water
obtainable from ground water basins in the other
units of the county was generally hmited to that re-
quired for domestic use and, furthermore, would be
of lttle importance in meeting probable ultimate
water requirements of those mnits. Ilor these reasons
the ensuing discussion of nunderground hydrology has
been limited to the Valley Unit.

Gronnd water pumped from storage in the basin
underlying the Valley Unit presently serves necarly
two-thirds of the lands irrigated in the unit. Percola-

tion of stream flow and of the unconsumed portion of
applied irrigation water is the most important souree
of ground water replenishment. However, it is prob-
able that direet rainfall penetration and subsurfaee
inflow constitute minor sources of ground water re-
plenishment.

The term ‘‘free ground water,”’ as used in this
bulletin, generally refers to a body of ground water
not overlain by impervious materials, and moving
under control of the water table slope. ‘‘Confined
ground water’’ refers to a body of ground water over-
lain by material sufficiently impervious to sever free
hydraulic connection with overlyving water, and mov-
ing under pressure caused by the difference in head
between intake and discharge areas of the confined
water body. In areas of free gronnd water the ground
water basin provides regulatory storage to smooth out
fluetuations in available water supplies, and changes
in ground water storage arve indicated by changes in
eround water levels.

Data and information eollected during the Placer
County Investigation indicate that free ground water
exists in present zones of pumping in the Valley
Unit. However, a relatively unbroken and extensive
layer of hardpan appears to limit percolation of
stream flow or of the unconsmned portion of applied
water to the water table in portions of the unit. Study
of recent fluctuations of the water table in the Valley
Unit, under varyving conditions of draft and replen-
ishment, permitted a determination of ehanges in
eground water storage in the underlying basin, and its
safe yield of water under stated conditions.

Ground Water Geology

Geologic features of a portion of the Valley Unit of
Placer County were investigated by the Ground Water
Branch of the United States Geological Survey as part
of an investigation of the Sacramento Valley con-
dueted in cooperation with the Division of Water
Resources. The resnlts of this investigation have been
published in part as a report entitled “Ground-Water
Storage Capacity of the Saeramento Valley, Cali-
fornia,”” which is included as an appendix to ‘“ Water
Resources of California,” Bulletin No. 1 of the
State Water Resources Board. The results of addi-
tional cooperative geologic investigation by the United
States Geological Survey, covering portions of Placer
County, are contained in an appendix to the “‘Sutter-
Yuba Counties Investigation,”” Bulletin No. 6 of the
State Water Resources Board. The foregoing investi-
gations, supplemented by additional geologic inves-
tigation by the Division of Water Resources, were
utilized in preparation of the geologic report included
as Appendix B of this bulletin. Appendix B comprises
a report of the geologie features of Placer Connty, and
an estimate of ground water storage capacity of the
eround water basin underlying the Valley Unit within
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eiven pumping lifts. An abstract of the geologic re-
port follows:

I'lacer County lies in the Sierra Nevada and Great Valley
eeomorphic provinces of California. The Nierra Nevada, which
consists of a huge tilted fault block, covers most of the county
and looms above the flat alluviated low-lying bottom of the Sac-
ramento Valley which lies to the west, This portion of the Great
Valley has been subdivided into dissected alluvial uplands, low
alluvial plains and fans, and flood plains.

The geologic formations of Placer County range from Paleo-
zoic to Recent in age. The nonwater-bearing group includes
granitic rocks and greenstones, as well as metamorphies of the
Calaveras group, Sailor Canyon formation, and Mariposa for-
mation. The water-bearing group includes all formations of
Tertiary or Quaternary age occurring in the county, although
only in the Sacramento Valley do these materials serve as
ground water aquifers. The materials comprising these forma-
tions consist of voleanies of widely varying types, and con-
tinental and marine sediments. The sedimentary formations
which are water-bearing ineclude Tertiary stream gravel of the
Sierra Nevada, mixed sediments of the deltaic Ione formation,
“old alluvium™ and “intermediate alluvium’™ of the Sacramento
Valley, and recent active stream channel deposits.

Specific Yield and Ground Water
Storage Capacity in Valley Unit

The term ‘‘specifie yield,”” when used in connection
with ground water, refers to the ratio of the volume
of water a saturated soil will yield by gravity to its
own volume, and is commonly expressed as a per-
centage. Ground water storage capaeity is estimated
as the product of the specific vield and the volume of
material in the depth intervals considered.

In the investigation of the ground water basin
underlying the Valley Unit, the specifie vield of dif-
ferent depth zones was estimated after study of some
50 well logs. The estimates were based on previously
determined characteristics of various types of material
classified in the well logs. Ground water storage ca-
pacity of the Valley Unit was estimated for depth
wtervals from 20 to 50 feet, 50 to 100 feet, 100 to 200
feet, and for the entire interval from 20 to 200 feet
below ground surface. Storage capacity of the ground
water basin underlying the Valley Unit, and the
weighted average specific yield, are shown in Table 12.

TABLE 12

ESTIMATED SPECIFIC YIELD AND GROUND WATER STOR-
AGE CAPACITY IN VALLEY UNIT OF PLACER COUNTY

Depth interval,
in feet from
ground surface

Ground water
storage capacity,
in acre-feet

Weighted average
specific yield,
1n per cent

20 to 50 5ol 168,000
50 to 100 4.9 270,000
100 to 200 . ‘ 5.3 581,000
20 to 200 __ . 5.2 1,022,000

Ground Water Levels in Valley Unit

The first study of ground water conditions in Placer
County was made by IKirk Bryan in 1913, and
reported in United States Geological Survey Water-

2—81627
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Supply Paper No. 495. No indications of a depression
cone were found to exist in the eround water table at
that thue. The slope of the ground water table was
uniformly westward from the higher lauds located
along the edge of the valley toward the Feather and
Sacramento Rivers. Three wells west of Lincoln were
located by Bryan, serving 20 acres of irrigated land.
The average depth to ground water measured in 1913
at two of these wells was 11.3 feet. Tu 1951 there were
about 130 operating irmgation wells in the Valley
Unit of Placer County.

The Division of Water Resources has measured fall
water levels at a series of control wells throughout the
Sacramento  Valley during most vears from 1929
through 1940, and each year from 1947 to date. Ten
of these control wells are i Placer County. The
Pacific (tas and Electrie Company furnished records
of standing and operating gronnd water levels meas-
nred during pump tests, together with results of the
tests.

A complete series of measnrements of static ground
water levels at approximately 180 wells in Placer
County was made in the spring and fall of each year
during the period of the investigation, beginning with
the fall of 1948 and continuing through 1952, The giid
of nreasuring wells ineluded nearly all operating irri-
eation wells, and eertain domestic and abandoned
wells in areas where irrigation wells could not be
found. In addition, monthly measurements were made
in most months during the investigation at approxi-
mately 35 uniformly distributed control wells, in
order to observe behavior of the eround water table
under conditions of draft and recharge. Available
records of depth to ground water at wells in or adja-
cent to the Valley Umt are meluded as Appendix F.

Wells were numbered by the system utilized by the
United States (feological Survey, according to town-
ship, range, and section. Under this system each sec-
tion is divided into 40-acre plots whieh are lettered as
follows:

N | P | Q@ R

Wells are numbered within each of these 40-acre plots
according to the order in which they are located. For
example, a well having a number 12N /5E-2B1 would
be found in Townshiip 12 North, Range 5 East, and
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in Section 2. It would be further identified as the first
well located i the 40-acre plot lettered .

Depths to ground water throughout the Valley Unit,
as measured each fall from 1948 through 1952, were
plotted on maps and lines of equal depth were drawn,
Depths to gronnd water in the fall of 1952 are shown
on Plate 8, entitled ‘‘Lines of Equal Depth to Gronnd
Water, Valley Unit, Fall of 1952."7 Plate 9 entitled
“Lines of Eqgual Elevation of Ground Water, Valley
UUnit, Fall of 1952,7" was prepared from the data used
for Plate 8, depths to ground water being subtraeted
from elevations of the measuring points above sea level
to obtain elevations of the water table.

Table 13 shows depths from the surface of the
ground to the water table at selected representative
wells during the fall of most years from 1929 through
1952, The measurements were generally made follow-
ing the summer period of irrigation pumping draft
and prior to recovery in ground water storage result-
ing from winter rains. Fluetuations in depth to ground
water at these wells are depicted graphically on Plate
10, entitled ‘ Measured Fall Depths to Ground Water
at Representative Wells, Valley Unit.™

TABLE 13

MEASURED FALL DEPTHS TO GROUND WATER AT REP-
RESENTATIVE WELLS IN VALLEY UNIT OF PLACER

COUNTY
(In feet)

Well number

34 PLACER COUNTY INVESTIGATION

TABLE 14

ESTIMATED AVERAGE FALL DEPTH TO GROUND WATER
IN VALLEY UNIT OF PLACER COUNTY

Year
12N /5E-2B1 12N /5E-19R 112N /5E-20M1 12N, 6E-19A1 13N/5E-35M 1

1929 I 18.0 i 17.3 S
1930- - - 17.3 == 17.3
1931__ L 19.1 e 17.4 16.3
1932__ S 18.5 S 17.5 16.5
1933 __ 23.6 19.6 iy 16.9 ——
1934 _ 23.3 19.5 — 17.8 16.2
1936 _ 19.9 17.3 S o 17.4 16.2
1937__ 20.0 . 17.5 18.7 14.8
1938 __ 19.2 . 16.6 18.7 13.6
1940 18.7 S 16.1 12.8 13.0
1947 __ 2102 - 18.3 16.0 14.5
1948 23.3 N 19.8 1622 18.0
1949 __ 24.3 == 23.3 S 1.0
1950 . 26.9 e 26.3 B 21.4
19512 28.9 e 31.8 Sees 297
1952__ - e 36.1 . 26.6
1953 _2 40.4 B 39.8 S 37.5

From study of all available well measurements,
estimates were made of the approximate average
depth to ground water in the Valley Unit in the fall
of most years from 1929 through 1952, These estimates
are presented in Table 14, and are illustrated graphi-
cally on Plate 11, entitled *“ Average Ifall Depth to
Gronud Water, Valley 1nit.”’

It is indicated that from 1929 until 1940 depth to
oround water generally varied with differences n

(In feet)

Depth to Depth to

Year ground Year ground
water water
1929. . ... 23.4 1942 A
1930 - 2352 1943 . e
193] B 23.1 1944 B 4 .
1932 23.2 1945 S
1933 24.1 TOLE: oo SRR =o
T34t 2533 TONT oo R 1
1935 ______ I 1948 . g 30.0
1936 . 24.6 1949 - .~ ___ B
1937 TR R 24.0 JR1.O50) - 33.1
JORR R ey i S 22.4 1951 355 L 35.1
1939 ! S 1952__ _ P ) 37.8
1940 _ d 21.0 19582 20 ST 45.5
RN e v o - 1954 51.5

seasonal precipitation. Although no measurements are
avatlable from 1941 through 1946, records of meas-
urements made i Sutter and Yuba (‘ounties indicate
that the water table continued to rise during a geu-
erally wet series of years until 1943, Sinee 1943, coin-
cidental with several dry years and expansion of irri-
gation, a continuous lowering of the water table has
oceurred, reaching its greatest average depth in the
fall of 1954.

Estimates were made of the average depth to ground
water in the Valley Unit in most months of the investi-
gation. For all months except November, these esti-
mates constitute arithmetical averages of measure-
ments of a eroup of wells chosen to be as uniformly
distributed as possible thronghout the Valley Unit,
In order to estimate more accurately weighted aver-
age depths for November, when complete series of
measurenients were available, maps were drawn show-
ine lines of equal change in ground water elevation
during each scason from 1948-49 through 1951-52. By
planimetering the areas between lines of equal change,
the weighted average change in elevation of water
levels was estimated. These estimates together with
average depths from more recent wmeasurements are
presented in Table 15.

Table 15 shows that maximum elevations of the
water table were reached in March or April, after
replenishment of the ground water basin by winter
rainfall had occurred, and that eronnd water levels
then lowered during the pumping season, reaching
their lowest points during Aungust or September, near
the end of the irrigation season.

Average ehanges in ground water clevations in the
Valley Unit during the three-vear base period and
each investicational season were determined from the
aforementioned maps showing lines of equal ¢change in
eround water elevation. An example of these maps 1s
presented as Plate 12, entitled “‘Lines of Equal
(‘hange in Ground Water Elevation, Valley Unit, Fall
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ESTIMATED WEIGHTED AVERAGE MONTHLY DEPTH TO GROUND WATER IN

WATER SUPPLY

TABLE 15

(In feet)

Month 1948-49 1949-50 1950-51 1951-52 1952-53 1953-54 1954-55
October_. .~ . __________ 36.2 R - S -
iNovember. ... _..._._. 30.0 31.7 33.1 35.1 37.8 15.5 51.5
December______ 33.2 — e AR
January.. - __ - 32.2 BB.7 N B
February. .. S 31.5 31.1 32.4 R
BlErchs—oe - - e 30.5 seen o
28.2 31.3 31.7 32.5 35.2 e
- 31.3 31.9 32.8 S
= 34.8 34.8 36.1 - i = e,
= 34.2 36.1 37.6 . i
35.5 37.0 38.3 S

34.0 37.6 38.5

of 1948 to Fall of 1952,”" which shows the changes over
the four-year period of measurements made for the
current investigation. The results of these estimates
for the Valley Unit are presented in Table 16.

TABLE 16

ESTIMATED WEIGHTED AVERAGE SEASONAL CHANGES
IN FALL GROUND WATER ELEVATION IN VALLEY UNIT
OF PLACER COUNTY

(In feet)
Average, 3-year
base period,
1948-49 1948-49 1949-50 1950-51 1951-52
through
1950-51
—1.7 ‘ il ‘ —1.4 ’ —2°0 ‘ —2.7

Change in Ground Water Storage in Valley Unit

In an area of free ground water, the volume of soil
unwatered or resaturated over a period of tinie, when
multiplied by the specific yvield, measures the change
in ground water storage during that time. Available
data on fluctuations of water levels at wells in the
Valley Unit were sufficient to estimate the volume of
soil unwatered or resaturated during the bhase period,
and during the investigational seasons. Changes in
eround water storage were estimated by multiplyving

TABLE 17

ESTIMATED WEIGHTED AVERAGE SEASONAL CHANGES
IN GROUND WATER STORAGE IN VALLEY UNIT OF
PLACER COUNTY

(In acre-feet)

Average,
3 year
base
period, 1948-49 1949-50
1948-49 ‘
through
1950-51 ‘

Area, in acres 1950-51 1951-52

110,000 —9,500 —7,900 | —11,200 ' —15,200

changes in elevation of ground water, presented in
Table 16, by the total area of the Valley Unit and
by the weighted average value of speeific vield of 5.1
per cent, for the depth interval from 20 to 50 feet
below ground surfaee, presented in Table 12. The
results of these estimates are presented in Table 17.

It is indieated that an average seasonal net decrease
in ground water storage in the Valley Unit of about
9,500 acre-feet oceurred during the three-year base
period, during which conditions of water supply and
climate were approximately equivalent to conditions
during the mean period. The estimated net decrease in
ground water storage during the three investigational
seasons was approximately 9,500 acre-feet in 1948-49,
7,900 acre-feet in 1949-50, aud 11,200 acre-feet in
1950-51. Additional measurements made in November,
1952, indicated that a further decrease in ground water
storage of about 15,200 acre-feet had occurred during
the 1951-52 season. It may be noted trom Plate 12 that
a general lowering of water levels oecurred during the
period from-the fall of 1948 to the fall of 1952, and
that the lowering was particularly pronounced in a
limited area south of Auburn Ravine and west of U.
S. Highway 99E, and also along the western edge of
the county.

Subsurface Inflow and Outflow in Valley Unit

Lines of equal elevation of ground water in the
Valley Unit in the fall of 1952 are shown on Plate 9.
Slopes of the water table as defined by these ground
water eontours, together with information on the
permeabilities of the various subsurface geologic for-
mations, indieate that the greatest portion of subsur-
face inflow to the nnit probably came from the north-
cast. The slope of the ground water table is generally
westward from the higher land toward the Keather
and Sacramento Rivers, with subsurface outflow indi-
cated across the county line into Sutter County.

A ground water trough is indieated on Plate 9 in
an area south of Auburu Ravine and west of U. S.
Highway 99E. Seasonal reeovery of water levels is
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306 PLACER COUNTY

slow in this arca, and replenishment is probably re-
stricted by a barrier of less permeable material im-
mediately to the east. A cone of depression in the
water table is also indicated several miles south of
PPleasant Grove. The depression is probably the result
of heavy pumping tor irrigation of rice in the imme-
diate vicinity of the come. Plate 8 indicates that
there is some contribution to the ground water basin
from surface streams of the Valley Unit in spite of
the extensive layer of hardpan generally underlying
the gronnd surface throughont the nnit.

Ground water gradients shown on Plate 8 indicate
that there was subsurface outflow aeross the western
boundary of Placer County into Sutter Counuty even
during 1951-52, which was the season of heaviest
pumping draft and lowest water levels during the
current investigation. Maps of lines of equal elevation
of ground water, drawn for each fall of the period of
investigation, indicated that this condition also existed
in 1948, 1949, 1950, and 1951. Sufficient data were not
available for years prior to the beginning of the in-
vestigation to enable the determination of aceurate
contours of ground water elevation. Iuformation ob-
tained in areas adjacent to the Valley ['nit, and meas-
urements from a few wells in the unit prior to the
time of substantial pumping draft, indicate that
under natural eonditions ground water moved across
the western boundary of Placer C'onnty into Sutter
County. It 1s probable that this was a significant
source of replenishment to the ground water basin
underlying Sutter County. Subsequent to 1948, whieh
marks the approximate beginning of heavy agrieul-
tural use of ground water in the Valley Unit, ground
water levels have been lowered and subsurface out-
flow to Sutter County has been reduced. Continued
inerease in pumping draft in the Valley Unit will fur-
ther reduce subsurface outflow and will probably
result in further lowering of water levels not only in
the Valley [nit but also in Sutter County.

An indireet method was used to estimate the net
effeet of subsurface inflow to and outflow from the
Valley Unit. This involved evalnation of the differ-
ence between subsurface inflow and ontflow as the
item necessary to effect a balance between water sup-
ply aud disposal. The sum of the items comprising the
water supply of a given hydrologie unit or area must
be equal to the sum of the itemns of water disposal.
This is a statement of what is referred to as the
““equation of hydrologic equilibrium.”” In the case of
the Valley Unit, values for pertinent items other than
the difference between subsurface inflow and outflow,
mcluding surface inflow and outflow, precipitation,
change in ground water storage, and consmmptive use
of water, were quantitatively measured or esthmated.
Determination of values for consumptive nse of water
is explained in Chapter 111, The difference between
subsurface outflow and inflow was the remaining un-

INVESTIGATION
TABLE 18

ESTIMATED EXCESS OF SEASONAL SUBSURFACE OUT-
FLOW OVER SUBSURFACE INFLOW IN VALLEY UNIT OF
PLACER COUNTY

(In acre-feet)

Average
for 3-vear
base
Ttem period, 1948-49 1949-50 1950-51
1948-49
through
1950-51
Water supply
Precipitation 164,200 149,600 146,900 195,200
Surface inflow 105,300 83,700 74,100 158,000
Decrease in ground water
11,200

storage __ . 49,500 49,500 7,900

TOTALR 279.000 242 800 228,900 364,400

Water disposal

Surface outflow . 106,500 72,200 56,700 190,300
Consumptive use of water 159,100 147,700 162,500 166,500
TOTALS _2 -t 265,600 214,900 219,200 356,800
REMAINDER —EXCESS
OF § SURFACE OUT-
FLOW OVER SUBRUR-
FACYE INYLOW . 13,400 22,900 9,700 7,600

knowu quantity in the equation. Table 18 sets forth
this equation for the Valley Unit of ’lacer County.

Certain of the values in the equation presented in
Table 18 are of large magnitude as eompared to the
derived excess of subsurfaee outflow over subsurfaee
inflow. Small pereentage errors in these larger quan-
tities might introduce relatively large errors in the
derived remainders. However, the derived remainders
for the base period and for the mvestigational seasons
appear to be of about the proper order and sequence,
based upon general knowledge of ground water levels
and pumping drafts. It is indicated in Table 18 that
the contribution to the subsurface ontflow from the
water supply available to the Valley Unit was about
13,400 acre-feet per season during the three-year base
period. It is also shown that the contribution to the
subsurfaee ontflow was about 22,900 acre-feet, 9,700
acre-feet, and 7,600 acre-feet during the three investi-
cational seasons, respectively. From these values it
may be noted that, coincidental with the inerease in
pumping draft during the base period and during the
investigational seasons, the eontribution to the sub-
snrface outflow from within the Valley Unit progres-
sively deereased.

Yield of Wells in Valley Unit

Yield of wells is an important factor in the nse of
ground water in Plaeer County. In certain small areas,
ground water is not utilized for irrigation because of
inability to obtain wells of adequate capacity to meet
agricultural  requirements. On  the other hand,
throughout most of the Valley 'nit adegnate irriga-
tion wells can be obtained.
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Yield of wells in the Valley Unit was analyzed by
the Division of Water Resources, as reported in Ap-
pendix B, ntilizing data obtained from well pumping
tests made in 1951 by the Pacific Gas and Eleetrie
Company and by the Division. Results of this analysis
are summarized in Table 19, which shows the number
of wells of known depth which were tested, average
discharge, avervage specific capacity, average depth,
and average vield factor. The term ‘‘specific capac-
1ty refers to the number of gallons of water per
minute produced by a pumping well per foot of draw-
down. “‘Drawdown™’ refers to the lowering of the
water elevel in a well cansed by pumping, and is
measured in feet. The “‘yeld tactor™ reflects the pro-
duetion of water per foot of depth of well, and is
determined by multiplying the specific capaeity by
100 and dividing by the depth of the well, in feet.

TABLE 19

ESTIMATED AVERAGE YIELD OF WELLS IN VALLEY
UNIT OF PLACER COUNTY, 1951

(

Average |

Average specific
Number |  discharge, capacity, Average Averase
of wells in in gallons depth of yield
testecd zallons per per wminute wells, in feet factor
minute per foot
of drawdown f
13 | 752 | 35.6 | 186 7.3

A comparison of the average vield factors shown in
Table 19 with factors derived in connection with the
Sutter-Yuba Counties I[nvestigation for neighboring
zoues to the north and west, reveals that it is gen-
erally necessary to drill wells to greater depths in
Placer Conuty to obtain equivalent yields. The aver-
age yield factor for the portion of Yuba County to
the north was determined to he 16.7, and for the por-
tion of Sutter County to the west was 14.7. No signif-
icant variations in yield factors were noted hetween
the various scetions of the Valley Unit. There ave,
however, large parts of the Valley Unit where deep
wells have not yet been drilled, and other areas as
previously stated where wells of adequate capacity to
meet agricultural requirements have not been found.

Safe Ground Water Yield of Valley Unit

The term ‘‘safe ground water yield'” refers to the
maximum rate of extraction ot water from a ground
water basin which, if continued over an indefinitely
long period of years, would result in the maintenance
of certain dsirable fixed couditions. Commonly, safe
ground water yield is determined by one or more of
the following criteria :

1. Mean seasonal extraction of water from the
ground water basin does not exceed mean seasonal
replenishment to the basin.

SUPPLY a7

2. Water levels are not so lowered as to cause harm-
ful impairmeut of the quality of the ground water by
intrusion of other water of undesirable quality, or by
aceumulation and concentration of degradants or pol-
lutants.

3. Water levels are not so lowered as to imperil the
cconomy of ground water users by excessive costs of
pumping from the grouud water basin or by exclusion
of nsers from a supply therefrom.

Safe eground water vield, as derived in this bulletin,
was measured by net extraction of water from the
Valley Unit ground water hasin, as differentiated from
total pumpage from the basin. Since the Valley Unit
overlies what is considered to be a free gronnd water
basin, the uncousumed portion of total pumpage may
return to the ground water basin and become available
for re-use. The net rate of extraction, therefore, was
considered to be only that portion of total pnmpage
from the ground water basin which was consumptively
used.

["'nder natural conditions, ground water is expended
by consnmptive use from seep lands and from lands
where the water table is close to the ground surface,
by effluent stream flow, and by subsnrface outflow. Ar-
tificial development and utilization of gronnd water
salvages all or a portion of such natural disposal, by
lowering ground water levels, This, in turn, affords
opportunity for additional replenishment of ground
water.

With the present general patterus of water utiliza-
tion in the Valley Unit, the extraction of water from
the ground water basin might be inereased. Sueh
increase in draft would nndonbtedly be accompanied
by recession of ground water levels in areas of pump-
mg and in adjacent aveas. [Towever, this lowering of
the water table wonld probably induee inereased sub-
surface inflow to the areas of pnmping and reduce
natural disposal of the ground water, the probable
effects of which would be to inerease replenishment in
an amount approximately equal to the increase in
draft, althongh adjustment of water levels in adjacent
arcas would probably take place. For this reason, the
first of the foregoing ecriteria for determination of
safe vield was not counsidered to be applicable in the
Valley [nit.

The second of the foregoing eriteria is not con-
sidered preseutly applicable, since the mmeral quahty
of surface and eround waters is generally well smted
for nearly all nses. However, there is some evideuee
that saline deterioration in mineral gunality of eround
water in the extreme western portion of the investiga-
tional area might oceur with snbstantial lowering of
water levels,

Jecause of expressed loeal coneern over receut pro-
gressive lowering of pumping levels, the third of the
foregoing eriteria for determination of safe eround
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38 PLACER COUNTY INVESTIGATION

water vield was adopted as applicable to the Valley
Unit. Therefore, it was arbitrarily assumed that sea-
sonal net extraetion of gronnd water in 1950-51, with
eround water levels prevailing at that time, defined
the desirable hmit beyound which net extraction shounld
not be mereased at the expeuse of further lowering of
ground water levels,

As previously stated, consumptive use of ground
water was considered to be equal to net extraction of
water from the Valley Unit ground water basin. Au
estimate  of average seasounal consumptive use of
eground water in the Valley Unit during the three-
vear base period is presented and explamed in Chap-
ter II1. After correction for average seasonal change
m ground water storage, this value was considered
to represent average seasonal replenishment of the
ground water basin during the base period. Wlen
further corrected for the inerease iu replenishment
during 1950-51, over and above the base period aver-
age, as measured by decrease in subsurface outflow,
the value was considered to be equal to safe seasonal
oround water wvield, The estimate of safe seasonal
eoround water yvield is presented in Table 20.

TABLE 20

ESTIMATED SAFE SEASONAL GROUND WATER YIELD
IN VALLEY UNIT OF PLACER COUNTY

Ttem Acre-feet

Average seasonal consumptive use of ground water for 3-year
base period, 1948-49 through 1950-5) _______ .. _._ _____.____ 23,900

Average seasonal decrement in ground water storage for base
IRT1 0] A L 9,500

Average seasonal replenishinent of ground water basin for base

CICTIO C RN et e e e o g e o 14,400
Increase in replenishment in 1950-51 over base period seasonal

AVerage. oo SO\ 5,800

SAFE SEASONAL GROUND WATER YIELD. - . ___ 20,200

Certain of the ttems included in the estimated safe
eround water vield are based on the assumption that
present practices of irrigation by surface water sup-
plies in and adjacent to the Vallexy Unit will continue
indefinitely. Under such circwunstances, adjacent por-
tions of the common ground water basm, together
with an indicated movement of nunderground water
from the east and northeast, will remain the sources
of sufficient subsurface inflow to areas of ground water
pumpiug in the Valley Unit to meet reasonable in-
creases in pumping draft. While there 1s no assurance
that surface irrigation practices will continue indefi-
nitely as at present, there is reason to believe that any
changes will not be of material significance to the
estimated yield for several years in the future.

The foregomg estimate of safe seasonal ground
water vield may Dbe eonsidered to rvepresent the net
seasonal extraction from the ground water basin that
night be maintained without permanent lowering of
the water table bevoud couditions prevailing in 1950-
51. Having so chosen the determining eriterion, esti-
mated safe seasonal ground water yield may be eon-
sidered to be a property of the ground water basin,
not atfeeted by changes in irrigation efficiency, pat-
terns, or practices.

The indicated value of safe yield of 20,200 acre-feet
has been determiuned from studies of the three-year
base period for which data on water supply and utili-
zation were available. Although 1t would have been
desirable to nse a longer base period to reduce the
variability in results due to possible errors in meas-
urentents of values during a siugle year of observa-
tion, there had been no substantial use of ground
water for agricultural purposes prior to 1947-48. This
lack of data therefore precluded the use of a longer
base period. It is also desirable to point out that the
development i the use of grouud water in the Valley
Unit has been rapid sinee 1947-48, and consequently
it has not been possible to stndy water supply and
disposal during a seasou or a period when eonditions
of supply and disposal werve essentially stabilized. For
these reasons, it is felt that further examination of
ground water conditions in the Valley Unit is neces-
sary in the future, and that such may suggest revision
of the valne of safe seasonal ground water yield de-
rived herein.

QUALITY OF WATER

The surface water supplies of Placer County are of
excellent mineral quality and well snited from that
standpoint for irrigation and other beneficial nses.
Ground water of good mineral quality ocenrs in all
parts of the Valley Unit except in scattered areas ad-
jacent to the foothills, The principal objectives of the
water guality investigation were to investigate the
general conditions with respeet to guality of water
and to determine, if possible, the location and extent
of areas presently affected by saline ground water.

It is desirable to define certain terms commonly
nsed in connection  with  diseussion of qguality of
water:

Quality of Water—Those characteristies of water af-
feeting its suttability for beneficial uses.

Mineral Analysis—The guantitative determination of
inorganic mpurities of dissolved mineral constit-
uents in water,

Degradation—lmpairment in the gquality of water dne
to canses other than disposal of sewage and indus-
trial wastes.
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Contamination—Impairment of the guality of water
by sewage or industrial waste to a degree which
creates a hazard to public health through poisoning
or spread of disease.

Pollution—Impairment of the quality of water by
sewage or industrial waste to a degree which does
not create a hazard to public liealth, but which ad-
versely and unreasonably affects sneh water for
beneficial uses.

Complete mineral analysis inclnded a determina-
tion of three cations, consisting of calcium, magne-
sinm, and sodium; four anions, consisting of bicar-
bonate, chloride, sulphate, and nitrate; total soluble
salts; boron; and computation of per cent sodinm.
Partial analysis included determination of chlorides
and total mineral solubles only.

With the exception of boron, the concentrations of
cations and anions in a water sample are expressed in
this bulletin in terms of ‘‘equivalents per million.”’
This was done because ions combine with each other
on an equivalent basis, rathev than on basis of weight,
and a chemical equivalent unit of measurement pro-
vides a better and more convenient expression of con-
centration. This is especially true when it is desired to
compare the composition of waters having variable
concentrations of mineral solubles. In the case of
boron, concentrations are expressed on a weight basis
of “‘parts per milhion’" of water. In order to convert
equivalents per million to parts per million, the con-
centration, expressed in eqnivalents per million,
should be multiplied by the equivalent weight of the
cation or the anion in question. Equivalent weights of
the common cations and anions are presented in the
following tabulation

Fquiralent FEquiralent
Cation weight Anion weight
Caleiom __ . 20.0 Jicarhonate . 61.0
Magnesium ________ 12.2 Chloride _ 35.5
Nodiom _ . 230 Sulphate . 480
Nitrate ____________ 62.0

Data used to determine the quality of water in
Placer County included complete mineral analyses of
39 surface water samples and 29 ground water sam-
ples. The data also icluded partial analyses of 44
surface water samples and 218 gronnd water samples.
Other data used during the course of the investigation
meluded analyses reported in United States Geological
Survey Water-Supply Paper 495, dated 1923, and en-
titled *“Geology and Gronnd Water Resources of Sac-
ramento Valley, California.”” Results of mineral anal-
yses of water are presented in Appendix G of this
bulletin.

Standards of Quality for Water

Investigation and study of the quality of surface
and ground waters of Placer County, as reported
herein, were largely Hmited to consideration of min-

eral constituents of the waters, with particular refer-
ence to their suttability for irrigation use. llowever,
it may be noted that, within the limits of the mineral
analyses herein reported, a water which is determined
to be suitable for irrigcation may also be considered as
being either generally suitable for munieipal and
domestic use, or susceptible to such treatment as will
render it suitable for that purpose.

The major criteria which were used as a guide to
judgnient in determining suitability of water for ir-
rigation use were the following: (1) chloride concen-
tration, (2) total soluble salts, (3) boron concentra-
tion, and (4) per cent sodium.

1. The chloride anion is usually the most trouble-
some element 1 most irrigation waters. It is not con-
sidered essential to plant growth, and excessive con-
centration will inhibit growth.

2. Total soluble salts furnishes an approximate indi-
cation of the over-all mineral qnality of water. It may
be approximated by multiplying specific electrical con-
ductance (Ee X 10% at 25° C.) by 0.7. The presence
of excessive amounts of dissolved salts in irrigation
water will usually resnlt in reduced crop yield.

3. Crops are sensitive to boron concentration, bnt
require a small amount, less than 0.1 part per mitlion,
for growth. They will usually not tolerate more than
0.5 to 2 parts per million. depending on the crop in
question.

4. Per cent sodium reported in the analyses is the
proportion of the sodinm ecation to the sum of all
cations, and is obtained by dividing sodinm by the
sum of caleinm, magnesinm, and sodium, all expressed
mm equivalents per mitlion, and mnltiplying by 100,
Water containing a high per cent sodium has an ad-
verse effect upon the physical structure of the soil
by dispersing the soil colloids and making the soil
““tight,”” thus retarding movement of water through
the soil, retarding the leaching of salts, and making
the soil difficult to work.

The following excerpts from a paper by Dr. L. D.
Doneen, of the Division of Irrigation of the University
of California at Davis, may assist in interpreting wa-
ter analyses from the standpoint of their snitability
for irrigation:

“Lecause of diverse elimatological conditions, crops, and soils
in California, it has not been possible to establish rigid limits
for all conditions involved. Instead, irrigation waters are divided
into three broad classes based upon work done at the University
of California, and at the Rubidoux. and Regional Salinity lab-
oratories of the 17, N. Department of Agriculture.

“Class 1. FEecellent to good—1egarded as safe and suitable
for most plants under any condition of soil or climate,

“Class 2. Good to injurions— Regarded as possibly harmful for
certain crops under certain conditions of soil or ¢limate, par-
ticularly in the higher ranges of this class.

“Class 3. Imjurious to nnsatisfactory—NRegarded as probably
harmful to most crops and unsatisfactory for all but the
most tolerant,

“Tentative standards for irrigation waters have taken into
account fonr factors or coustituents, as listed helow.
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Class 1 Class 2 C'lass 3
Euxcellent Tood to Injurious to
Factor to good injurious  unsatisfactory

Conductance (Fe x

10% at 25°C.) ___ Less than 1000 1000-3000  More than 3000

Boron, ppm Less than 0.5 0.5-2.0 More than 2.0
Per cent sodium_ Less than 60 GO-T5 Movre than 75
Chloride, epm ____ Less than 5 5-10 More than 10

(end of quotation)

Quality of Surface Water

Analyses of surface water samples, collected in May,
1952, from the American River and three of its
branches. showed that at that time the waters in these
streams were of excellent mineral quality and well
suited for irrigation and other beneficial uses. The
waters were characterized by a very low content of
total mineral solubles, chloride, and boron, and by
low per eent sodinm. The oceurrenee of execllent qual-
ity water m the American River is also indicated by
analyses of water from that stream which are presented
in the Sacramento-San Joagquin Water Supervision
Reports of the Division of Water Resources, dating
from 1946. Analyses of surface water samples from
minor streants and canals in the county indicate that
these waters contain higher concentrations of nineral
solnbles than waters of the American River, but that
they are well within the linits of Class 1 frrigation
water. Seleeted mineral analyses of representative
surface waters in and adjacent to Placer County are
presented in Table 21. Additional analyses of repre-
sentative surface waters are presented in Appendix F.

PLACER COUNTY INVESTIGATION

Quality of Ground Water

In the course of the present investigation surveys
were made of the mineral quality of ground water
throughout the Valley Unit. The general mineral qual-
ity of water from wells was found to be good. How-
ever, in an area east of and adjacent to U. S, Iligh-
way 99E, and extending to about six miles south from
the City of Lincoln, waters from several wells and a
spring were found to contain excessive concentrations
of mineral solubles. Analyses of water from two wells
west of Sheridan also showed moderately high eoneen-
trations of inineral solubles. Since other mineral analy-
ses of water from wells in the same vicinities indicate
low concentrations of mineral solubles, no definite area
could be delimited which only yielded gronud water
of poor mineral quality. In this eonnection, ground
water analyses colleeted in conneetion with other in-
vestigations indicate that waters eontaining high eon-
centrations of mineral solubles ave found at other
scattered localities along the eastern edge of the Sae-
ramento Valley.

Analyses of water samples collected from wells in
the Valley Unit, grouped into the three broad classes
deseribed by Dr. Doneen, are presented i Appendix
F. A summary showing the arithmetieal average of
the mineral eonstituents of each group of ground
water analyses falling within a given class is given
in Table 22

o,

TABLE 21
SELECTED COMPLETE MINERAL ANALYSES OF REPRESENTATIVE SURFACE WATERS IN PLACER COUNTY

| Mineral constituents, !

| Con- i R
Date i Boror! in equivalents per million : Mere
Station of ance, in o Ee————— | cent
| sample LEex 10| ppm HCO; | . sodium
at 25°C, Ca Mg Na ) 1 S04 | NGO
+CO0y
Coon Creek at U, S. Highway 991< I G gl 204 0.00 0.24 0.98 0.32 1.80 0.13 0.11 0.01 15
Linda Creek at Rosevil'e____ - |5 A 51 174 0.02 0575 0.64 0.48 1,38 0.22 0.20 0.01 25
Big Reservoir, tributary to Forbes Creek ~ A 37.8 0.00 0.00 O3 0.25 0:12 0.02 0.01 0.00 69
Middle Fork American River near junction with North
Forleaee — o Sn i s 8¢ 8152 27 .4 0.00 0.18 0.07 0.02 0.26 0.01 0.02 0.00 8
Bear River gear Auburn. - 0 Sn L 5/14/51 44.7 0.02 0.20 0.23 0.06 0.36 0.03 0.08 0.01 12
Truckee River at Truckee __ _ .. 5/14/51 71.3 0. 06 0.38 0.22 (e 0.66 0.03 0.10 0.01 18
|
TABLE 22
SUMMARY OF COMPLETE MINERAL ANALYSES OF REPRESENTATIVE GROUND
WATER BY CLASSES IN VALLEY UNIT OF PLACER COUNTY
Con Mineral constituents, ’
on- i ivalents per milli
Number e P in equivalents per million Per
Class of ance, in 7 cent
samples Ecx 10 ppm { 1C0s | } 1 sodium
| gt 25°0% Ca ‘ Mg Na +(-‘0'“ (] SO { NOs
| ] y ; l ’
Excellent to good 16 268 0.23 0.84 0.75 1.18 1.90 0.59 0.16 0.04 40
Good to injurious 7 750 1.40 1.81 0.91 4.28 1.75 .54 |  0.58 0.05 60
Injurious to unsatisfactory 5 1.494 2.06 3.10 | 1.15 9.63 1.20 11.44 | 1.48 | 0.10 68
Unsatisfactory . 1% 20.200 32.00 47 .4: 1.56 | 180.43 0.33 | 202.25 f 27,50 0.02 7

* Spring.

I IR
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CHAPTER |l

WATER UTILIZATION AND SUPPLEMENTAL REQUIREMENTS

The nature and extent of water utilization and of
requirements for supplemental water in Plaecer County,
both at the present time and under probable conditions
of ultimate development, are considered in this ¢hap-
ter. In eonnection with the diseussion, the following
terms are used as defined:

Water Utilization—This term is used in a broad sense
to inelude all employments of water by nature or
man, whether consumptive or noneonsumptive, as
well as irrecoverable losses of water meidental to
sueh employment, and is synonyvmous with the
term ‘‘water use.’’

Demands  for Water—Those faetors pertaining to
rates, times, and places of delivery of water, quality
of water, losses of water, ete., imposed by eontrol,
development, and use of the water for beneficial
purposes.

Water Requirement—The amount of water needed to
provide for all benefieial uses of water and for
irreeoverable losses incidental to such uses. As used
in this bulletin, the term refers only to consump-
tive uses of water unless otherwise speeified.

Supplemental Water Requirement—The water re-
quirement over and above the sum of safe ground
water yvield and safe surface water yield.

Conswmptive Use of Water—This refers to water con-
sumed by vegetative growth in transpiration and
building of plant tissue, and to water evaporated
from adjacent soil, from water surfaces, and from
foliage. It also refers to water similarly consumed
and evaporated by urban and nonvegetative tvpes
of land use.

Applied Water—The water delivered to a farmer’s
headgate in the ease of irrigation use, or to an
individual’s meter in the case of urban use, or its
equivalent. [t does not include direct precipitation.

Ultimate—This term is used in refervence to conditions
after an unspecified but long period of vears in the
future when land use and water supply develop-
ment will be at a maximum and essentially stabil-
ized. It is realized that any present forecasts of the
nature and extent of such ultimate development,
and resultant water utilization, are inherently sub-
ject to possible large errors in detail and apprecia-
ble error in the ageregate. Tlowever, such forecasts,
when based npon best available data and present
Judgment, are of value in establishing long-range

(415

objeetives for development of water resources. They
are 50 used herein, with full knowledge that their
re-evaluation after the experience of a period of
Years may result m eonsiderable revision.

The present water requirement in Placer County
was estimated by the application of appropriate fae-
tors of unit water use to the present land use pattern
as determined from survey data. The probable ulti-
mate water requirement was similarly estimated, by
use of an ultimate land use pattern projected from
the present pattern on the basis of land classification
data, the assnmption being made that under ultimate
conditions of development all irrigable lands would be
irrigated.

As indicated by the foregoing definition, the present
supplemental requirement for water in the Valley
Unit of Placer County was estimated as the difference

between derived values of safe vield of the ground
water basin and present consumptive use of ground

water. The probable nltimate requirement for supple-
mental water in the Valley Unit was evaluated as the
difference between present and probable ultimate con-
sumptive use of water, plus the present requirement
for supplemental water. In other units of Plaeer
County the present development is to a large extent
deterniined by the available water supplies, and no
present supplemental requirements are generally ap-
parent. 1llowever, in some local areas further develop-
ment is restricted because of limited water supplies
and works. These minor present supplemental require-
ments were not subject to evaluation within the seope
of the current investigation. Ultimate supplemental
requirements in units of Plaeer County other than
the Valley Unit were evaluated as the differenee be-
tween present and probable ultimate consumptive use
of applied water, adjusted to account for estimated
re-use of return flows and losses in conveyance and
applieation.

(Clertain possible nonconsumptive requirements for
water, sueh as those for hydroeleetrie power genera-
tion, flood control, conservation of fish and wildlife,
recreation, ete., will be of varying sienificanee in the
design of works to meet snpplemental consumptive
requirements for water in Placer County. In most
instances, the magnitudes of sueh noneonsumptive
requirements are relatively indeterminate and de-
pendent upon alloeations made in desigu after con-
sideration of faetors of economics. For these reasons,
water requirements for hydroeleetrie power, flood con-
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+2 PLACER COUNTY INVESTIGATION

trol, conservation of fish and wildlife, and recreation
are disenssed in general terms in this chapter, but not
specifieally evaluated.

Water utilization is considered and evalnated in
this chapter under tlhie geueral headings “‘Present
Water Supply Development,”” ““Land Use,”” ““Unit
Tse of Water,” *‘Present Water Requirements,”’
““‘Probable Ultimate Water Requirements,”” ““Non-
consumptive Water Requirements,”” and ‘‘Demands
for Water.”” Supplemental water requirements are
similarly treated under the two general headings
“Present Supplemental Water Requirement’ and
““‘Probable Ultimate Supplemental Water Require-
ment. "’

WATER UTILIZATION

Of the total amount of water presently utilized in
the Valley Unit of Placer County, approximately 25
per cent is eonsumed in the production of irrigated
crops, while the remainder is consumed by dry-farmed
crops and fallow lands, native vegetation, and lands
given over to miscellaneous types of use including
domestic and municipal. Of the total amount of water
presently applied within remaining units of the
eounty, sonre 55,000 acre-feet, or about 90 per cent,
1s apphed to irrigated lands.

Of the total area of about 916,000 acres in Placer
County, it is mdieated that ultimately about 212,000
acres will require organized water service. The re-
mainder, of approximately 704,000 acres, comprises
national forests and lands not considered suitable for
irrigation. It is probable that the predominant impor-
tanee of irrigated agriculture, as related to utiliza-
tion of water in the connty, will eontinue to prevail
in the futnre.

Present Water Supply Development

Although there has been eonsiderable development
of the water resonrees of Placer Clounty in the past,
there remains a large amount of unregulated water
suseeptible of development for water conservation and
use, hydoclectric power production, recreation, and
other beneficial uses. Recently theve has been an ac-
celeration in irrigation developmeut in the Valley
Unit, and a resultant increase in the use of ground
water pumped from wells. Substantial agricultural
development has also taken place m the Foothill
Unit. The agricultural arveas of the KFoothill Unit
are served with water from eanals and ditehes of the
Nevada Irrigation District and the Pacific Gas and
Electrie Clompany.

Present water supply developments in the several
units of Placer County are described in the following
sections, and ave shown on I’late 2.

Valley and Foothill Units. Water developments
and conservation facilities in the Foothill [Tnit include

the canals and ditches of the Nevada hrrigation Dis-
trict and the DPacific Gas and Electrie (‘ompany.
These eanals and ditehes form an intricate network
which c¢rosses or intercepts most of the streams of the
unit. Many small reservoirs are located in the Foot-
hilt Unit, servine as forebays or afterbays to regulate
the flows of the Drum power system, or to provide
storage and regulation of mumnieipal and irrigation
water supplies.

As has been stated, there has been a recent ierease
in the irrigation of lands in the Valley Tnit by pump-
ing from the underlying ground water basin. The irri-
eated lands utilizing ground water are served by in-
dividually owned wells and pumps. As of November,
1951, there were 137 wells with pumping plants of
heavy draft, powered with motors of five horsepower
or more, and of this number 129 were used for irriga-
tion. The eight remaining wells supplied water for
urban and industrial uses. A number of additional
wells of lieht draft supplied water for domestic pur-
poses. The beginning of the recent increase in use of
eround water approximately coineided with the ini-
tiation of this investigation. During the investiga-
tional seasons an aeeurate record was obtained of the
acreages irrigated with gronnd water., This reeord is
given in Table 23, which also shows aereages served
by surfaee water,

TABLE 23

AREA SERVED BY SURFACE AND GROUND WATER IN
VALLEY UNIT OF PLACER COUNTY DURING INVESTI-
GATIONAL SEASONS

(In acres)

Type of service 1948-49 1949-50 1950-51
Surface water _ - 4,130 3,800 3,710
Ground water_ = . J 4,800 5,160 7,020

TOTALS . _ | 8,930 8,960 10,730

Water nsed for municipal, industrial, and domestie
purposes i the Valley and Foothill 17nits is obtained
almost entively from reservoirs and canals, exeept
that farmsteads and some small communities in the
Valley Unit are served from privately owned wells.
The largest nonagricultural use of water oeeurs in the
vieinity of Roseville where that city, the Southern
Pacifiec Company, and the Pacific Fruit Express (fom-
pany utilize relatively large amounts of water. The
amount of surfaee water distributed in the Valley and
Foothill Units by the Pacific Gas and Electrie Clom-
pany to industrial and municipal users i 1950 is
sliown in Table 24.

Tu addition to the quantities of surface water listed
in Table 24, the [Pacific Fruit Express Company
pumped about 3,150 acre-feet from wells in 1950. The
City of Roseville also maintains emergeney stand-by
wells.
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TABLE 24

ESTIMATED QUANTITY OF SURFACE WATER DISTRIBUTED
FOR MUNICIPAL AND INDUSTRIAL USE IN VALLEY AND
FOOTHILL UNITS BY PACIFIC GAS AND ELECTRIC COM-
PANY IN 1950

(In acre-feet)

User Quantity

Auburn_. . - . e . . 1,260
Lincoln__ = _ . I 1,150
Loomis. - ~ SN N - 80
Newcastle S 5 T | 130
Rocklin_____ - - 180
Roseville_ - _ ___ L [ 2,860
Southern Pacifie Company 1,310

FOEAT 3 o 6,970

American River Unit. Most of the existing water
resonree developments on the American River alter
the natural regimen of the stream, and so affect the
American River Unit of Placer County. The principal
upstream development is on the South Fork of the
American River and consists of a hydroelectric power
system, as well as a small irrigation project. The
North and dMiddle Forks of the American River are
largely undeveloped at the present time.

Existing developments on the North Fork of the
American River above its confluence with the South
Fork consist of two small storage reservoirs. One of
these, the Lake Valley Reservoir, with a stream bed
elevation of 5,779 feet, is located about four miles east
of Emigrant Gap on a tributary of the North Fork,
and stores about 8,100 aere-feet of water. The stored
water 1s conveyed from the American River-Basin to
the Bear River Basin for use in the Drum power sys-
tem of the Pacific Gas and Electric Company. The
other reservoir, created by the North Fork Dam, with
a stream bed elevation of 571 feet, is located about
two miles above the mouth of the Middle Fork of the
American River, and is operated by the California
Debris Commission. Total storage capacity created by
the North Fork Dam is about 14,600 acre-feet, which
is dedicated to storage of mining debris.

The only significant development on the Middle
Fork of the Amertcan River is the water supply sys-
tem of the Georgetown Divide Water Company, which
serves irrigation, mining, and domestic consumers on
the Georgetown Divide in El Dorado County. The
company operates Loon Lake Reservoir., with a ca-
pacity of abont 8,000 acre-feet and a stream bed eleva-
tion of 6,305 feet, located on Gerle Creek in the upper
Rubicon River watershed in El Dorado County. (‘on-
veyance of water from Loon Lake to the Georgetown
Divide service area is accomplished by some 40 miles
of diteh, flume, and tunnel. Additional water is inter-
cepted enronte by diversion of the natural flows of
Pilot Creek and Little South Fork of Rubicon River.
The average seasonal discharge of the Georgetown

Ditch near Georgetown was about 9,500 acre-feet dny-
ing the period from 1946-47 through 1948-49.

Developments on the South fork of the American
River are all sitnated outside of Placer County. The
hydroelectric power system of the Pacific Gas and
Electrie Company on the South Fork meludes several
small reservoirs, a minor diversion from the Upper
Truckee River, conduits and penstocks, and two power
plants. The El Dorado Irrigation District serves agri-
cultural, mining, industrial, and domestic water to
eonsumers in the vieinity of Plaeerville. It reeeives a
large part of its water supply from the Paeific Gas
and Electrie Company system, and another portion
from a small reservoir on Webber Creek, a tributary
of the South Fork. It also imports some water from
the Closummnes River Basin.

Existing developments on the maimn stem of the
Amertean River include the rvecently eompleted Fol-
som and Nmmbus Dams and their reservorrs, Both arve
federally owned and operated and discharge through
power houses located at the dams. A federally owned
and state-operated spawning station and hatehery for
salmon and steelhead has beein constructed Dbelow
Nimbus Dam to replace spawning beds made inaeces-
sible to these fish.

The main section of Folsom Dam is located in Sac-
ranento County about two miles upstream from the
town of Folsom and mmpounds a reservoir of 1,000,000
acre-foot capacity. Diversions from Folsom Reservoir
are made at the dam by pump and pipe line to ITinkle
and Baldwin Reservoirs, which are located immedi-
ately below the right abutment. From these reservoirs
further conveyvance of the water is made by several
agencies which serve agricultural, muntcipal, and
domestic nsers in the area south of Roseville and
north of the American River. From the same diver-
sion at Folsom Dam additional water is conveyed by
pipe line to the existing Natomas Ditch of the Na-
tomas Company and which is located south of the
American River.

Nimbus  Dam, located about seven miles down-
stream from Folsom Dam, impounds liake Natoma,
which serves as an afterbay for Folsom Power House
and as a forebay for Nimbus Power House, and has
a gross storage capacity of abont 8,900 acre-feet. A
proposed main canal, the Folsom South Canal, would
divert from lLiake Natoma to a service area south of
the Amerwan River.

Bear River and Yuba River Units. Many of the
existing water resource developments on the Bear and
Yuba Rivers relate to all units of Placer County ex-
cept the Tahoe Unit. The joint project of the Ne-
vada Irrigation Distriet and the Pacific Gas and Elec-
tric Company on the Bear River, the upper South Fork
of the Yuba River, and the Middle Fork of the Ynba
River, utilizes a portion of the available hydroelectric
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power resources in the upper watersheds of these
streams. To a large extent this project has been de-
veloped from the complicated network of reservoirs
and ditches originally built for hydraulic mining. Al-
though the principal source of water utilized by the
project is the Yuba River, most of the power plants
of the Paeific Gas and Electric Company, through
which the Yuba River waters pass, are located on the
Bear River. Under the present contract between the
Pacific Gas and Eleetric Company and the Nevada
Irrigation District, the regulated flow from works of
the district is delivered to the Drum power system of
the company for use through its power plants, and
15 then returned to the district at downstream points
for irrigation use. A list of existing power houses
located in Placer County, together with pertinent in-
formation, 1s presented in Appendix H of this bulletin.

Works of the Nevada Irrigation District under the
joint project with the Paeifie Gas and Electrie Com-
pany include a diversion of about 500 second-foot
capacity from the upper Middle Fork of the Yuba
River at Milton. The stream bed elevation at the
diversion point is 5,663 feet. The diverted water is
conveyed through 4.1 miles of tunnel to Bowman
Lake. Bowman Lake, with a capaeity of 68,000 aere-
feet and a stream bed elevation of 5.396 feet, is
located on Canyon (‘reek, a tributary to the upper
South Fork of the Yuba River. Several other reser-
voirs are located on (anyon Creek above Bowman
Lake. Of these, French Lake 1s the largest with a
capacity of 12,500 acre-feet. Its stream bed elevation
is 6,564 feet. The coutrolled discharge from Bowman
Lake is conveved southerly in the Bowman-Spaulding
Conduit, nine miles in length, and of 250 seeond-foot
capacity, to Fuller Lake on Jordan Creek. This reser-
voir, owned by the Pacific Gas and Electric Company,
has a stream bed elevation of 5,343 feet and a capacity
of 1,130 acre-feet. The present contract between the
district and the company requires that a total sea-
sonal water supply of 135500 acre-feet be delivered
to the company by the distriet. About 73,000 acre-feet
of this water is conveyed through the eompany’s
Drum System along the Bear River and returned to
the distriet for irrigation in its service area in Placer
County. The remainder of the water is conveyed in
the company’s South Yuba Canal to the Deer Creek
Power House on Deer Creek, a tributary of the Yuba
River, and is returned to the district for irrigation in
its serviee area in Nevada County.

Works of the Pacific Gas and Blectric (‘ompany
include Tiake Van Norden, located mear the head-
waters of the South Fork of the Yuba River at a
streaimn bed elevation of 6,743 feet, with a ecapacity of
about 5,900 acre-feet and Fordyce Lake on Fordyce
Creek, a tributary of the South Fork of the Yuba
River, with storage capaeity of about 47,000 acre-feet,
and at a stream bed clevation of 6,341 feet. The

principal storage reservoir of the Pacific Gas and
Electric Company under the joint project is Lake
Spaulding, on the South Fork of the Yuba River,
with a capacity of about 75,000 acre-feet and at a
streain bed elevation of 4,739 feet. From Fuller Lake,
previously mentioned, water delivered by the Nevada
Irrigation District system is conveyed in a conduit
with a eapacity of 250 seeond-feet for a distanee of
about 1.5 miles to a point 318 feet above the high-
water level of Liake Spaulding. Here it enters the pen-
stock of Spaulding Power Iouse No. 3, which has an
installed capacity of 5,200 kilowatts. The company’s
system also includes Lake Valley Reservoir, previ-
ously desc¢ribed in the American River Unit. Releases
from Lake Valley Reservoir are conveyed to the Drumn
Canal by means of a c¢onduit which joins the canal
near Emigrant Gap. Some 13 other small reservoirs
owned by the Pacific Gas and Electric Company are
scattered throughout the watershed of the South Fork
of the Yuba River and in the Texas Creek and Fall
Creek basins. Water from Texas and Fall Creeks is
eonveyed to Lake Spaulding by the Bowman-Spauld-
ing conduit. Most of these small reservoirs are formed
by low dams built in the mining days to raise the
level of natural lakes, and their aggregate capaeity is
about 14,500 acre-feet.

The prineipal withdrawal of water from Lake
Spaulding 18 made through Spaulding Power House
No. 1, one of two power houses located just below
Lake Spaulding Dam. After passing throungh the
power plant, the released water is eonveyed through
a tunnel with a length of about one mile to the Drum
(‘anal. The power plant operates under a maximumm
static head of 197 feet and has an installed capacity
of 6400 kilowatts. The Drum (‘anal, with a length
of about eight miles and a capacity of about 500
seeond-feet, passes from the South Fork of the Yuba
River across the low gap at the head of the Bear
River and follows along the ridge on the south bank
of the Bear River. The canal ternninates at the fore-
bay to the Drum Power House, which is located on the
Bear River at an elevation of about 3,400 feet. This
power plant operates under a maximum static head
of 1,375 feet, and has an installed capacity of about
52,000 kilowatts. A pressure tunuel from the afterbay
of the Drum Power House conveys released water a
distance of four miles alonge the left bank of the Bear
diver to the penstock of the Duteh Flat Power ITouse.
This power plant operates under a maximum head of
643 feet and has installed capacity of about 22,000
kilowatts.

F'rom the afterbay of the Dutch Flat Power House,
the released water is couveyved in the natural channel
of the Bear River to the diversion headworks of the
Bear River Clanal, located on the left bank of the river
near Colfax. The Bear River Canal has a capacity of
about 490 second-feet, and extends about 23 niiles
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to the forebay and penstock of the Ialsey Power
Tlouse, which is located abont six miles northeast of
Aubnri. The Ilalsey Power Honse, located on upper
Dry Creek, operates under a maximun static head of
331 feet and has an installed eapacity of about 10,600
kilowatts. From the afterbay of the Halsey Power
Honse the water is conveyed in a southwesterly diree-
tion about six miles in the Wise Canal, with capacity
of 430 second-feet, to the Wise Power ITouse forebay.
Enroute the water is regulated in Rock Creek Reser-
voir. The Wise PPower House, located on Anburn Ra-
vine near Auburn, operates under a maximum static
head of 519 feet, and has an installed ecapacity of
about 12,600 kilowatts.

During the irrigation season, releases from the
Wise Power Tlouse into Aubwrn Ravine are diverted
downstream for use in service areas of the Nevada
Irrigation District, the Pacific Gas and Electrie (fom-
pany, and other users. Dnring the remainder of the
vear most of the released water is spilled to the Amer-
ican River throngh the South Canal.

The Boardman (anal diverts from the Bear River
abont one mile west of Emigrant Gap, and spills into
Canyon Creek near the Drnm Power House forebay.
Spill from the Boardman Canal and the Drum Power
ITouse forebay is diverted from Canyon Creek and
conveyved in the Boardmman-Towle Canal for a dis-
tance of about 3.5 miles to the Alta Power ltouse. The
Alta Power Homse, located about one mile west of
Baxter, has a capacity of abont 2,000 kilowatts, and
operates under a maximnm statie head of 660 feet.
Water discharged from the Alta Power llouse may
be spilled to the Bear River and diverted downstream
at the intake of the Bear River Canal for power gen-
eration. On the other hand, it may be conveyed in the
Boardmman Canal for distribution for irrigation along
the watershed divide between the American and Bear
Rivers, and in the vicinity of the Halsey Power ITouse
forebay.

In addition to the water discharged from Lake
Spaulding throueh Spaulding Power llouse No. 1 and
into the Drum Canal, water is also released through
Spaulding Power [lonse No. 2 located jnst below
Lake Spaulding Dam. The power plant operates
under a maximum static head of 344 feet and has an
mistalled capacity of 3,750 kilowatts. Water released
from Spaunlding Power IHouse No. 2 discharges into
the Sonth Yuba Canal which has a capacity of 125
second-feet. Water in the South Ynba Canal is con-
veved for about 19 miles to the forebay and penstock
of thie Deer Creek Power Ilouse on Deer Creek. The
Deer Creek Power THouse operates under a maximum
static head of 837 feet and has an installed capacity
of about 5,700 kilowatts. The water discharged from
this plant is then released to Deer (reek for use by
the Nevada Irvigation Distriet. The district re-regu-
lates the water in Scotts Flat Reservoir, of 26,300
arre-foot storage capacity, at a stream bed elevation

of 2910 feet on Deer Creek. The water s used for
irrigation, domestic purposes, and mining in Nevada
and Ynba Counties.

Other water conservation works on the Bear River
meclude Combie and Camp Far West Reservoirs.
Combie Reservoir of the Nevada Irrigation District is
located on the Bear River north of Auburn and about
15 miles below the intake of the Bear River Canal.
The reservoir has a capacity of about 9,000 acre-feet
and a streawr bed elevation of 1,525 feet. Water re-
leased from the reservoir for use in Placer County is
diverted into the Gold ITill Canal and delivered to
agricnltural land served by the Nevada lrrigation
Distriet in northwestern Placer County.

Camp Far West Reservoir, owned and operated by
the Camp Far West Irrigation Districet, has a storage
capaeity of about 5,000 acre-feet, and is located on the
Bear River about 20 miles below Combie Reservoir
and about 6 miles northeast of Wheatland, at a stream
bed elevation of 136 feet. This reservonr snpplies irri-
cgation water to the lands of the Camp Ifar West Dis-
triet on both banks of the Bear River in Placer and
Yuba Counties.

Tahoe Unit. Lauds in the Talioe Unit obtain their
water supply from wells, springs, creeks, from nearby
lakes lIying at higher elevations, and from Lake Tahoe
itself- The “*Joint Report on the Use of Water in the
Lake Tahoe Watershed, " prepared by the State Engi-
neers of Nevada and California, and dated Jnue, 1949,
estimated that the total conswnptive use of applied
water it the entire Lake Tahoe watershed did not ex-
ceed 350 acre-feet in 1948,

The Sierra-Pacific Power C‘ompany has five small
power plants on the Truckee River below Lake Talioe
and a short distance north of Placer County. These
power plants ntilize about 60 per cent of the available
head between the intake at Farad, at aun elevation of
about 5,300 feet, and the taihrace of the Reno power
plant, at an elevation of about 4500 feet. They have
a total installed capacity of about 9400 kilowatts.
With the exception of the Verdi power plant, in-
stalled in 1912, all the developments were completed
hetween 1899 and 1905. The lack of modern equip-
ment, together with the impracticability of utihzing
the water supply to best advantage because of prior
irrigation rights, naterially hmnts the power output
of the system. During the irrigation season, substan-
tial withdrawals of water for irrigation are made
from the Truekee River by ditehes diverting from the
river above the canal intakes to downstream power
plants.

Appropriation of Water. Since the effective date
of the Water Commission Aet on December 19, 1914,
abont 200 applications to appropriate water of
streamms of Placer County have been filed with the
Division of Water Resonrees or its predecessors. These
applications are listed in Appendix I, together with
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WATER UTILIZATION AND SUPPLEMENTAL REQUIREMENTS 1

pertinent information on the proposed diversions and
uses of water and present status of the applications.

The applications listed in Appendix I should not
be eonstrued as eomprising a complete or even partial
statement of water rights in Plaeer County. They do
not inelude appropriative rights initiated prior to
December 19, 1914, riparian rights, eorrelative rights
of overlying owners in ground water basins, nor pre-
scriptive rights swhieh may have been established on
either surface streams or ground water basins, none
of whieh are of record with the Division of Water
Resources. In general, water rights may only be firmly
established by eourt deeree.

Dams Under State Supervision. The Department
of Publie Works, aeting through the ageney of the
State Engineer, supervises the eonstruction, enlarge-
ment, alteration, repair, maintenanee, operation, and
removal of dams for the protection of life and prop-
erty within California. All dams in the State, exeept-
ing those under federal jurisdietion, are under the
jurisdietion of the department. ‘‘Dam’  means any
artifieial barrier, together with appurtenant works,
if any, across a stream, watereourse, or natural drain-
age area, whieh does or may impound or divert water,
and which either (a) is or will be 25 feet or more
i height from natural stream bed to erest of spill-
way, or (b) has or will have an impounding eapaeity
of 50 aere-feet or more. Any sueh barrier, whieh is or
will be not in exeess of six feet in height, regardless
of storage capacity, or which has or will have a stor-
age eapaeity not in exeess of 15 aere-feet, regardless
of height, is not eonsidered a dam. A list of dams in
Placer County presently under state supervision,
together with pertinent data, is presented in Appen-
dix J.

Land Use

As a first step in estimating the amount of the water
requirements in Placer County, determinations were
made of the nature and extent of land use prevailing
during the base period and investigational seasons.
Similarly, the probable nature and extent of ultimate
land use, as related to the water requirement, was
foreeast on the basis of land classifieation survey data
which segregated lands of the couunty in accordanee
with their suitability for irrigated agrieulture.

Present Pattern of Land Use. The Placer County
Agricultural Commissioner for some years has made
annual surveys of acreage, produetion, and value of
agricultural produets in Placer County. In 1946 the
[United States Bureau of Reelamation made a land use
survey which included miost of the Valley Unit of
Placer Connty. A eomprehensive land use survey was
made by the Division of Water Resourees in 1948-49
as a part of the current investigation. This survey in-
cluded all lands in the eounty outside of the national

forests. The Valley Unit, comprising about 110,000
acres, was resurveyed in 1949-50, and again in 1950-
51, to obtain data on changes in land use and on
inereases in surface and ground water utilization,

Data available from the foregoing surveys were suf-
fieient to determine the average land use pattern in
the Valley Unit during the three-year base period. For
purposes of this bulletin, the most reeent land use
pattern available, that for the 1950-51 season, was
considered to represent ‘‘present eonditions of land
use and development in the Valley Unit,”” and is so
referred to in subsequent discussion. Summaries of
the results of the land use snrveys of the Valley Unit
for the investigational seasons of 1948-19, 1949-50,
and 1950-51, aud the average land use pattern for
the base period, are presented in Table 25. The tand
use pattern existing during the 1948-49 season was
eonsidered to represent present conditions of develop-
went in the Koothill, American River, Bear River,
Yuba River, and Tahoe Units. Summaries of the
results of the land use surveys for Plaeer County are
presented in Table 26. Lands presently irrigated in
Plaeer County are shown on Plate 13, entitled ** Irri-
cated and Trrigable Lands, 1951.”

TABLE 25

PATTERNS OF LAND USE IN VALLEY UNIT OF PLACER
COUNTY DURING INVESTIGATIONAL SEASONS

(In acres)
Base
period
average,
Class and type of land use 1948-19 | 1948-19 | 1949-50 | 1950-51
through
1950-51
Irrigated lands
Hops i 5 i 5 e 4 440 430 430 460
@ relrard 22 e A 880 820 780 1,050
Pasture... . ... . = = =1 2:650 1,920 2,860 3,170
Rice.____. . - d 5,110 5,320 4,400 5,610
Truck . < . 150 160 170 120
Vineyard. - SR 2 ' 310 280 320 320
Subtotals _— 9,540 8,930 8,960 10,730

Dry-farmed and fallow lands

Pallow__. .. . 21,030 | 24,800 17,600 20,680
Clrainfeoys 2 . 26,070 | 26,120 @ 31,390 | 20,710
@rehard =S NNETRTES S = = 370 420 450 250
Rice. idle —— S — 2,510 1,950 2,570 3,000
Vineyard. .. ____ __ ORI 1,290 1,460 1,210 1.210
Subtotals_ 51,270 | 54,750 | 53,220 | 45,850
Native vegetation
Brush and trees. . 2 2,510 2,640 2,640 2240
Native grass_ ... 12,800 | 39,900 41390 | 47,370
Wasteland - -~ __ 150 150 150 150
Subtotals - 45,550 42 690 14,180 49,760
Miscellaneous
Alirports o 80 80 80 80
County and farm roads 690 690 690 690
Farm lots and urban_ _ _ 2,180 2,170 2,180 2,200
Highways and railroads. 160 160 160 160
Subtotals 3,110 3,100 3,110 3,130
TOTALS._ - — 109,470 | 109,470 109,470 1()9;{7()7
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50 PLACER COUNTY INVESTIGATION
TABLE 26
PRESENT PATTERN OF LAND USE IN UNITS OF PLACER COUNTY
(tn acres)
. Valley Foothill American Bear River Yuba River ! Tahoe
Classiand typeof land use Unit Unit River Unit Unit Unit | Unit otals
= S —— R | P | — sl S o | 1 o
Irrigated lands
Hopsi..,. - S e 460 0 (1} 0 0 0 460
Orehard . SEeE e, 3 1,050 17,750 2,200 960 0 0 22,020
Pasture 3.170 5,680 140 180 0 0 9,470
Riee ___ _ 5.610 0 0 0 0 0 5,610
Truck 120 0 0 0 0 0 120
Vineyard.o—c---o_0 S 320 1,020 0 0 0 0 1,340
Subtotals_ .. ... - 10,730 24,450 2,400 1,440 0 0 39,020
Dry-farmed and fallow lands
Fallow.____._.____ o s 20,680 0 0 0 0 0 20,680
Grain___________ s 20,710 7,110 50 90 0 | 0 27,960
Orchiand TSR s - 250 3,490 760 170 0 0 4,670
Pastirreland i rang e 0 26,480 2,100 1,360 0 0 29,940
Rice,idle__ . .. ________ .. __ 3,000 0 0 0 0 0 3.000
Vineyard. . . _______ S 1,210 650 | 130 0 0 0 1,990
Subtotals. ... ... s 45,850 37,730 3,040 1,620 0 0 | 88,240
Native vegetation |
Brush and trees__ . 28240 67,990 349,920 36,490 0 0 | 456,640
Native grass_. ... _ 47,370 4,330 250 0 0 0 51,950
Wasteland ..~ . 150 0 0 0 0 0 150
Woodland pasture__ . . .l 2,740 380 710 0 0 3.830
Subtotals_ . _ 149,760 75,060 350,550 37,200 0 0 512,570
Miscellaneous
Alrports & seeo. e TR 80 80 0 0 0 0 160
Connty and farim roadss oo SRR 690 1,660 G40 130 10 110 3,240
Farm lots and urban_________ S 2,200 1,880 80 0 10 130 4,300
1lighways and railroads_ - _______ __ - 160 280 210 80 60 260 1.050
National forests. ___ . . _ . 0 0 142,810 1,580 13,450 109,580 267,420
LakeTahoes - = 0 n Sne s st et o 0 0 0 0 0 48,900 18,900
Subtotals. ... ... _ . ______ 3,130 3,900 143,740 1,790 13,530 158,980 325,070
TOTALS ... o = St 109,470 141,140 499,730 12,050 13.530 158,980 964,900

Probable Ultimate Pattern of Land Use. lLands
of Placer County were classified with respect to their
suitability for irrigated agriculture. The lands so
classified included those lyving generally west of the
national forest boundaries, below an elevation of about
4,000 feet. The national forest lands were excluded
sinee it 15 beheved that they will be preserved in the
public domain and dedicated generally to grazing.
lumbering, and recreation. This, together with the
Ihnitations imposed by c¢himatic and topographic con-
ditions, and the abundant precipitation in the higher
elevations, led to the conclusion that large-scale water
supply developments to supply water within the na-
tional forests would never be required.

(teneral information regarding the extent of 1rri-
gated and irrigable lands in the national forests in
Placer (ounty was obtained. however, from the ['mted
States Forest Nervice. The irrigable lands are gen-
erally located in small valleys where the terrain is
nearly tlat, and where water for irrigation is available
by direct diversion from local streams. Data furnished
by the Forest Service indicate that only about 20 acres
of such land are irrigated at the present time, and
that an additional 610 acres are considered to be irri-

cable, or a total of about 630 acres. In a few instances,
portions of the national forests along their western
boundaries were micluded withm the land use and
land classification surveys made by the Division of
Water Resources in the cuwrvent investigation. The
foregoing figures furnished by the United States For-
est Service do not nelude these areas,

The land classification made duringe the investiga-
tion was based on standards involving physical fac-
tors and known inherent conditions of soils, topog-
raphy, and drainage. The conditions relative to the
soils that largely determine their suitability for irri-
gation are depth, texture, and structure. These physi-
cal factors to a large extent determine the moisture-
holding capacity, the root zone area, the ease of irri-
gation and cultivation, and the available nutrient
capacity of the sotl. Topographic conditions consid-
ered were the degree of slope and undulations, These
affect the ease of mwrigation and the type of irrigation
practice required to provide water at a proper rate to
cropped land. .\ proper rate of irrigation application
will permit the soil to absorb and hold moisture with-
out erosion or excessive losses through runoft or per-
colation. As a general rule, no lamds with smooth
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slopes i1 exeess of a 30-foot rise in 100 feet of hori-
zontal distance were considered to be suitable for de-
velopment by irrication. Drainage is highly impor-
tant and is elosely associated with problems of salimity
and alkalimty, and waterlogeing of lands. It was
assumed that under conditions of ultimate develop-
ment all land suitable for reclamation will be re-
elaimed.

Economic faetors relating to the development, pro-
duetion, or marketing of adaptable crops were not
eonsidered in making the land classification, nor were
costs of elearing, leveling, or other operations re-
quired to prepare lands for eultivation. The c¢lassifiea-
tion was predicated on the nltimate potential of the
fand, without regard to availability of water o1 pre-
sent land utilization. On the basis of the foregoing
standards, agricultural lands of Plaeer (‘ounty were
segregated into the following seven classes:

("lass 1. This class comprises lands that are highly desir-
able in every respect for continuous irrigated agriculture. and
capable of producing all climatically adapted crops. The soils
are deep, with good surface and subsoil drainage, of medium
to fairly fine texture, and good water-holding capacity. The soil
structure is such as to permit easy penetration of roots, air,
and water, and the land surface is smooth and gently sloping.

(Class 2. This class comprises lands that are generally Hm-
ited to climatically adapted medium-rooted crops, due to the

restrictive features of the soil depth, and. to a minor extent, of
topography or drainage. They are well suited for development

under irrigation.
(lass 3. This class comprises lands that are generally lim-
ited in their use to climatically adapted shallow-rooted crops.

owing to deficiencies in soil depth, moisture-holding capaecity.
topography, or to drainage characteristies. This class of lands
is suitable for development under irrigation, but because of
shallow so0il depths, greater care and skill are vequired in the
applieation of water.

Class 42, This class comprises
standards for Classes 1, 2, and 3
to topographic conditions. These
special irrigation practices, for
crops, not precluded by climatic conditions. Owing to their
more rolling topography, they are more snusceptible to erosion,
and greater care must be taken in applying water and main
taining cover crops where the lands are under cultivation.
Thus. these lands are best suited for crops which can be irri-
gated with small heads of water, including orchards, vine-
vards, and permanent pasture. In  coarse-textured granitic
soils. rapid percolation from the root zone may prohibit pro-
duction of very shallow-rooted grass crops.

lands which fail to meet the
laud. especially with regard
lands are suitable, throngh
the produection of certain

51

Class +-3.  This class comprises Lunds which fail to meet the
requirements of Classes 1, 2, and 3, mainly on account of topo-
graphic conditions, and fail to meet the standards of (lass 4-2

lands on account of shallower soil depths as well as steeper
topography. Lands in this class are suitable for the production

of shallow-rooted orchards and permanent pasture. However,
irrigation on the steep slopes requires great skill and ecare.

Class 5-P. This class comprises lands which are generally
desirable in all vespects other than depth of soil, which greatly
restriets their adaptability for crops other than permanent pas-
ture. (.)\\'.in;:.tu their shallow depths. these lands require fre-
quent 1rrigation.

Class 6. This class comprises all lands that do not meet the
minimum requirements of suitability for irrigation use.

In commection with the *‘Snrvey of Mountainous
Areas.”” anthorized by Chapter 30, Statutes of 1947,
a land classification survey was made of all lands in
the Mother Lode Region. extending from DButte
(‘founty on the north to Mariposa County on the south.
Most of Placer County is included in this region.
Consequently, the land classification survey in Placer
County, which for purposes of the current investiga-
tion included the entire county, was conducted con-
eurrently with, and using the same wmethods and
standards as the classification snrvey for the Mother
Lode Region. In order to inswre that land classifica-
tion standards and field mapping were approprate,
an independent and highly qualified board reviewed
the standards, the survey procedures, and the degree
of conformity of the field work sith the established
standards. Members of the board were: Dr. Ralph C.
C'ole, Chief, Land Classification Section. DBureau of
Reelamation, United States Department of the In-
terior; Robert A. Gardner, Senior Soil Correlator,
Division of Soil Survey, United States Department of
Agriculture; and Walter W. Weir, Drainage Engi-
neer, Division of Soils, College of Aevieulture, Uni-
Ver! .slty of California. The board made its review by
checking, as a sample, the land elassification snrvey in
(falaveras and Tuolnmune Conuties. The report of the
hoard is presented in Appendix K.

Results of the land classification of Placer County,
including lands within the national forests, are pre-
sented in Table 27. Loeations of the irrigable and
nonirrigable lands are shown on Plate 13.

TABLE 27
CLASSIFICATION OF LANDS IN UNITS OF PLACER COUNTY
(In acres)
S J _ - — — - = o ——
Valley TFoothill | American Bear River Yuba River Tahoe
Land class N o g L o als
gRE e ass Unit Unit | River Unit Unit Unit Unit Totals
I | i . ~
s 1,320 | 0 o 0 0 0| 1.320
e 1 3,960 () 150 30 20 0 0 20,160
SEs - 3,190 0 | 49 0 0 59,720
4-2 5 I '3') 230 \ 17,050 ‘ 1,660 0 0 59,750
43 | 29,890 | 6,940 ‘ 5,060 0 0! 14,810
5-P__ 18,910 5,280 | 0 0 0 0 24,190
6 10,660 61, 400 | 332,900 | 33.090 0 0 438,050
National Forest 0 ‘ 142,810 1,580 13,530 110,080 268,000
TOTALS 109,470 14] 140 | 499,730 42,050 13,530 *110,080 *916,000
| |

* Does not include 48,900 acres of water surfiace of Lake Tahoe.
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TABLE 28
PROBABLE ULTIMATE PATTERN OF LAND USE IN UNITS OF PLACER COUNTY

(In acres)

o ) Valley ! Toothill
Class of Iand use ’ Unit [ Unit
1rrigated lands 65,300 65,600 |
Dry-farined lands _ 16,000 0
Native vegetation 8,870 61,440 |
Miscellaneous__ - _ 16,300 14,100
TOTALS. . 109,470 141,140

* Does not include 48,900 acres of water surface of Lake Tahoc.

By use of the land classification data a probable
ultimate pattern of land use for Placer Connty was
forecast. The general assumption was made that nunder
an inereasing pressure of demand for agricultural
products all irrigable but presently dry lands would
eventually be provided with irrigation service, 1’rovi-
sion was also made for probable increase in lands
devoted to farmsteads, roads, urban, and other miscel-
laneons purposes under eonditions of probable ulti-
mate development.

The estimated ultimate land use pattern of 1’lacer
County, sumumarized by geueral classes of land nse
and by units of the county, is presented in Table 28,
Irrigable lands, as determined by the land classifica-
tion survey data and as indicated by the probable
ultimate land use pattern, are shown on Plate 13.

Unit Use of Water

The second step in evaluation of water require-
wents involved the determination of unit valnes of
consumptive use of water for each type of land use.
Estimates of these umit values were based on the
results of studies in the investigational area and of
prior investigations in other areas.

A procedure suggested in part by Harry F. Blaney
and Wayne D. Criddle of the Soil Conservation Serv-
ice. United States Department of Agriculture, n
their reports entitled ‘*A DMethod of Estimating
Water Requirements in Frrigated Areas from Chwma-
tological Data,”” dated December, 1947, and ‘Deter-
mining Water Requirements in Irrigated Areas From
C'himatological and Irrigation Data,’’ dated August,
1950, was generally utilized for adjnstment of availa-
ble data on untt cousumptive use by irrigated crops
in other localittes to correspond with conditions exist-
ing in Placer County. This method involved correla-
tion of the data o the basis of variatious in average
monthly temperatures, monthly percentages of annual
daytime hours, preeipitation, and lengths of growing
season. 1t disregarded certain generally unmeasured
factors sneh as wind movement, hnunidity, ete.

(‘ertain modifications were made in this procedure
to meet the needs of the current investigation. [Tmt
values of consumptive use and irrigation demand for

Ainerican ‘

Bear River Yuba River Tahoe Totals

diver Unit | Unit | Unit Unit 2uis
20,200 | 6.000 | 0 0 160,100
ol 0 0 0 16,000
475,730 34,650 | 13,530 110,989 704,300
3,800 1,400 0 0 35,600

S . | _ It e 8 .

499,730 12,050 12,530 110,080 316,000

rice in the Valley Unit were dervived by independent
analysis, utilizing data obtained during the investiga-
tion. Unit use of water factors applicable to urban
and miscellaneous types of land use in the Foothill,
American River, Bear River, and Yuba River Units
were estimated, using values determined in connection
with studies for the Survey of Mountainous Areas.
The total amount of such use of water is small in com-
parison with agricnltural requirements. Unit use of
water factors for the Tahoe Unit was not estimated
during the current investigation, Estimates of present
and probable nltimate water rvequirements of the
Tahoe Unit were obtained from the ‘*.Joint Report on
the Use of Water in the lLiake Tahoe Watershed,””
prepared by the State Engineers of Nevada and Cali-
fornia, dated June, 1949, The procedures ntilized for
estimating unit values of eonsimmptive use of water
and unit values of conswmptive use of applied water
are outhlined separately herein,

Consumptive Use of Water. The following is an
outline of the procedure utilized for esthmating unit
ralues of cousumptive use of water:

1. The unit value for each irrvigated crop during its growing
season was taken as the product of available heat and an
appropriate coefficient of consumption, where: (a) the available
heat was the sum of the produets of average monthly tempera-
tures and monthly per cent of daytime hours, and (b) the
coefficient of consumption was one which has been seclected as
appropriate for California by Harry . Blaney as a result of
his studies for the Soil Conservation Nervice, Certain excep-
tions involved the use of coetlicients estimated from consumptive
uxe «ata available from otlier sources.

2. The unit value for each irrigated erop during its non-
growing season was taken as the amount of precipitation
available, but not exceeding one to tweo inches of depth per
month, depending upon the type of crop and cover crop.

3. The seasonal unit value for each irrigated crop was taken
as the summation of values determined uuder items 1 and 2 for
that type.

4. Unit seasonal values for rice were taken as H4 inches of
depth of water per year, plus precipitation available during the
nongrowing seasou up to but not exceeding one inch of depth
per month,

5. Unit seasonal values for native annnal grasses were taken
ax equal to the available precipitation up to but not exceeding
two inches of depth per month,

G. Unit seasonal values for native vegetation other than
annual grasses were estimated on the basis of available data
on corresponding conusumptive use in similar localities, due con-
sideration being given to density and type of vegetation and
depth to ground water.

PCWA-025



Pump Irrigation of Rice West of Lincoln

Sprinkler lrrigation of Pasture West of Roseville
Water Supply Pumped From Underground

PCWA-025



o4 PLACER COUNTY INVESTIGATION

7. Unit scasonal valnes for free water surfaces were esti-
mated from available records of evaporation.

S, Unit seasonal valnes for remaining miscellaneons types
of land use were estimated ou the basis of available data on
corresponding consnmptive use in similar localities.

Estimated nnit seasonal values of consumptive use
of water m the Valley Unit, ineluding consmmption
of precipitation, are presented in Table 29. In view of
the indicated water supply and climatological simi-
larities of the mean and base periods, the estimated
average unit seasonal valnes of eonsumptive nse for
the base period were considered to approximate eor-
responding valnes for the mean period.

TABLE 29

ESTIMATED UNIT VALUES OF SEASONAL CONSUMPTIVE
USE OF WATER IN VALLEY UNIT OF PLACER COUNTY
(In feet of depth)

Average
for
3-year
L 1948-49 | 194950 | 1950-51
period,
1948-49
through
1950-51

Class and type of land use

Irrigated lands

Tlopsd., SUUNTNee e | 2.9 3.0 2.9 2.9
Oreharde ez e 258 258 2.8 2.8
Pasture___ I RS 3.7 3.7 3.7 3.7
Rice._____ . _________ 5.0 1.9 5.0 5.0
Truckooion oo oot 2.2 2.2 2.2 2.3
Vinevard. . .. SR 273 2:3 293 292

Dry-farmed and fallow lands

IPallows Bt s e 0.7 0.6 0.7 0.8
Grain. ————-- ot s g 1.3 1 1.4 L.2
Orchard. - __ .. _________ 1.0 0.9 1.0 1.1
Rice,idle_ - _____________ 0.7 0.6 0.8 0.8
NineyardSicoooer oo o8 1.0 0.9 1.0 1.1
Native vegetation
Brush and trees________ 4.0 4.0 1.0 1.0
Native grass.___ 1 il 1.2 1.3
Wasteland - . . 0.7 0.6 7 0.8
Miscellaneous
Airports 2 e 1.1 2 1.3
County and farm roads_ 1.0 10 1.0 1.0
Farm lots and urban_ ___ 2.0 220 2.0 2.0
Highways and railroads. 1.0 1.0 1.0 1.0

Consumptive Use of Applied Water. The cou-
snmptive use of applied water in the Valley ['nit
was compnted as the difference between total seasonal
consumptive nse of water and that portion of the sea-
sonal consmmptive nse met by preeipitation. Estimated
unit seasonal values of eonsmmptive use of apphed
water in the Valley 1™nit of Placer Connty are pre-
sented in Table 30.

Little information is available regarding actnal
values of consnmptive use of applied water by irri-
egated crops i monntain and foothill arcas of Cali-
forma. Oreanized agencies distributing irrigation
water are few, and such records as arve available gen-
erally do not permit the determination of (uantities
of applied water consumed by irrigated lands, Vahd-
ity of the deseribed method for esthmating nnit con-

TABLE 30

ESTIMATED UNIT VALUES OF SEASONAL CONSUMPTIVE
USE OF APPLIED WATER IN VALLEY UNIT OF PLACER
COUNTY

(In feet of depth)

Average
for
3-year
|
Class and type of land use "% | 194849 = 1049-50 | 1950-51
period, [
1948-49
through
1950-51
Irrigated lands
Hops_ . . 1657 1.8 1.7 1.6
Orchard - 1.6 1ozt 1.6 195
Pasture__ _ 2.6 207 2.7 295
Rice. .. __ 4.3 4.3 4.3 4.1
Truck. ... __ 1.5 1.6 NS i85
Vineyard. 152 1.3 108 1.
Miscellaneous |
Farm lots and urban_ _____ 2.0 2.0 2.0 2.0

sumptive use of applied water in sueh areas in Placer
County was confirned by the results of detailed inflow-
outflow studies condneted on four small watersheds
in the Foothill, American River, and Bear River
TTaits. The watersheds are located in highly developed
orchard areas, and ine¢lnde a portion of Eden Valley
in the Bear River [Tnit, Penryn Valley and the upper
portion of the Sailor Ravine watershed in the Foot-
hill Unit, and the Mormon (reek watershed in the
American River Unit. Areas of the watersheds vary
from 360 to 6,025 acres, and the average elevations
range from about 500 to abont 2,300 feet above sea
level. Lioeations of the watersheds are shown on
Plate 13.

Field surveys and studies were eonducted on these
watersheds throughout the irrigation season of
1950-51. The water snpplies consisted of precipita-
tion and diversions from canals of the Paeific Gas
and Eleetrie Company and Nevada Irrigation Dis-
trict. Records of inflow to and ontflow from the water-
sheds were obtained from measurements. Precipitation
data were obtained from [nited States Weather Bu-
rean records at Aubmrn, Colfax, and Roeklm. Of a
total irrigated area of about 5400 acres in the fonr
watersheds, approximately 3,300 acres are orchards,
abont 1,200 aeres are water-loving native vegetation,
and the remaining 900 aeres are pasture and vineyard.
The resnlts of the studies are shown in Table 31, whieh
also shows, for comparison, the values of nnit con-
smuptive use of applied water compnted for 1950-51
cultnre and climatological conditions. Data obtained
i connection with the watershed inflow-outflow
stindies are given in Appendix 1.

Table 31 indieates that the computed 1950-51 nnit
valnes of consnmptive use of applied water agree
closely with values derived from the inflow-outflow
stndies in all watersheds except Eden Valley. In this
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TABLE 31

ESTIMATED UNIT VALUES OF SEASONAL CONSUMPTIVE
USE OF APPLIED WATER IN SELECTED WATERSHEDS OF
PLACER COUNTY

Consumptive use of
applied water, in
inches of depth

Irrigated Average

Watershed _area, vlfwation, 1950-51
anas ) Rl (from 1950-51
inflow- (com-
outflow puted)
studies)
B ALE | Lo e —
Eden Valley 13 | 2350 16 21
Penryn Valley 1 3,240 | 500 24 22
Sailor Ravine.____ BV 209 | 1,300 23 22
Mormon Creek . _______ 687 ‘ 1,050 20 19

watershed. the smallest of the four, the computed
value is considerably higher than that from the inflow-
outflow studies. In view of the elose agreement of
results from the three larger watersheds, subseqnent
estimates of present mean seasonal consumptive use
of applied water in the Foothill, American River, and
Bear River Units were derived by computing the unit
values of seasonal consnmptive use by the method
deseribed previously.

Estimated nnit values of seasonal eonsumptive nse
of applied water in the Foothill, American River, and
Bear River Units, together with average temperature
and mean annual precipitation on the nnits, are pre-
sented 1n Table 32. In view of the indicated water
supply and elimatological similarities of the mean and
base periods, the estimated average unit seasonal
values of consumptive use of applied water for the
base period were eonsidered to approximate eor-
responding values for the mean period.

TABLE 32

ESTIMATED UNIT VALUES OF SEASONAL CONSUMPTIVE
USE OF APPLIED WATER IN FOOTHILL, AMERICAN
RIVER, AND YUBA RIVER UNITS

Average | Mean Consumptive use

temper- | annual of applied water

Unit ature, in | precipita- g - g

degrees tion, in

E. inches In inches In feet

Foothill___. . 62 27 22 1.8
American River. 59 48 18 1.5
Bear River..__. . 61 24 22 1.8

Present Water Requirements

The total amount of the present water requirement
in the Valley Unit of Placer County was estimated
by multiplying the acreage of cach type of land use
by its respective unit value of consumptive use of
water. The present requirements for water on irri-
gated, urban, and miscellaneons lands in the Foothill,
American River, Bear River, and Yuba River Units

1

were estimated by multiplying the respective present
acreages by appropriate unit values of consumptive use
of apphied water. The total present requirement for
water m the Tahoe Unit was derived from values re-
ported in the ‘“.Joint Report on the Use of Water in
the Liake Tahoe Watershed,”' prepared by the State
Engineers of Nevada and California, dated June,
1949.

The results of the estimates of water requirements
in the Valley Unit during the base period and the
investigational seasons are presented in Table 33, sum-
marized by general classes of land use. An estimate of
the mean seasonal water requirement in the Valley
1™nit, as it would be with present land use but nnder
mean conditions of water supply and climate, is also
presented in Table 33. The estimate was based on the
land use pattern determined by the 1950-51 survey,
and on estimated average nnit seasonal values of con-
sumptive use of water for the three-yvear base period
which were eonsidered to approximate those for the
mean period. The estimates in Table 33 include con-
sumptive use of precipitation.

TABLE 33

ESTIMATED PRESENT MEAN SEASONAL CONSUMPTIVE
USE OF WATER IN VALLEY UNIT AND USE DURING
BASE PERIOD AND INVESTIGATIONAL SEASONS

(In acre-feet)

With
present
Average land use
for under
5 year mean
Class of land use base 1948 49 | 1049-50 | 1950-51 condi-
Rf{;gq tions of
tl;llotxgi; pater
1950-51 ”‘:x’]‘:l"
climate
Irrigated lands_.  _ _____ _ 40,100 @ 37,800 | 37,100 15,000 45,000
Dry-farmed and fallow lands = 52,000 49,100 59,700 45,400 45,000
Native vegetation. ____ < 61,600 54,500 | 60,400 70,700 | 65,900
Miscellaneous. - _ . __ - 5,300 5,300 5,300 5,400 5,400
EROIPEAT S S 159,100 147,700 | 162,500 166,500 = 161,300

In order to facilitate certain phases of the analysis
of ground water hydrology, presented in Chapter
I, and to permit derivation of irrigation effieiencies,
it was desirable to estimate seasonal consumptive nse
of applied water from surfaece and ground water
supplies in the Valley Unit of Placer County. To this
end, appropriate unit seasonal values of eonsmmptive
nse of applied water were multiplied by the acreages
of each type of land use served by surface water and
gronnd water during the respective periods. The esti-
mates of consumptive nse of surface water and ground
water are summarized in Table 34 by general classes
of land use.

The rvesnlts of the estimates of present mean sea-
sonal consumptive use of applied water in the Foot-
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TABLE 34

ESTIMATED PRESENT MEAN SEASONAL CONSUMPTIVE
USE OF APPLIED SURFACE AND GROUND WATER IN
VALLEY UNIT AND USE DURING BASE PERIOD AND
INVESTIGATIONAL SEASONS

(In acre-feet)

With
: .3 present
.\\feor‘.:m faud use
G under
. N base —— oo
Class of land use . 1948-49 | 1949-50 | 1950-51 = condi-
period, = £
1948-49 g2
through “MT
1930-51 SRl
: and
climate
Surface water
Irrigated lands _ . __ 12,100 13.500 11,800 10,800 11.400
Miscellaneous. . 1,400 1,400 1,400 1,200 1.200
Subtotals - 13,500 14,600 13,200 12,000 12.600
Ground water
Trrigated lands 19,500 17,300 17,400 22,900 | 24.000
Miscellaneous 4,400 4,400 4,400 4,500 4,500
Subtotals 239008 21,7008 (% 21, 8()0 ?7.400 28,500
TOTALS 37,400 36,600 35,000 39,400 41, 100
TABLE 35

ESTIMATED PRESENT MEAN SEASONAL CONSUMPTIVE
USE OF APPLIED WATER IN FOOTHILL, AMERICAN
RIVER, BEAR RIVER, YUBA RIVER, AND TAHOE UNITS

(In acre-feet)

Iriisated Urban
Unit rlruﬂi - and mis- Totals
ands cellaneous

Foothill . . ___ 44,500 3.200 47.700
American River 3,600 200 3,800
Bear River____ 2,600 0 2,600
Yuba River. __ 0 100 100
Tahoe ... . _ : 0 400 400

Subtotals__ . 50,700 | 3.900 54,600
National forests 0 900 900

. EE

TOTALS 50,700 ; 4,800 55,500

hill, American River, Bear River, Yuba River, aud

Tahoe Units are presented in Table 35.

Althongh the results are not utilized in subse-
quent analyses in this bulletin, the total consumptive
use of water in the Foothill Unit was estimated as a
matter of iterest. This was doue for each of the
iuvestieational seasons by evaluating the difference
between water supply and disposal. The nrethod was
the same as that nsed for the Valley Unit to evalnate
the difference between subsurface inflow and ontflow,
as explained in Chapter TI, except that total eon-
sumptive use of water was the nnknown (nantity.
In the ease of the Foothill Unit, valnes for pertinent
items other than consnmptive use of water, inclnding
surface inflow and ontflow, and preeipitation, were

INVESTIGATION

quantitatively measured or estimated. Table 36 sets
forth the equation of hydrologie equilibrimm for the
1Yoothilt Unit. The estimate of total consnmptive use
of water inelndes consumptive use of precipitation.

TABLE 36

ESTIMATED TOTAL SEASONAL CONSUMPTIVE USE OF
WATER IN FOOTHILL UNIT DURING BASE PERIOD AND
INVESTIGATIONAL SEASONS

(In acre-feet)

Average
for
3-year
base
Item 1948-49 | 1949-50 1950-51 | period,
1948-49
through
1950-51
Water supply
Bear River Canal at Halsey Vorebay 51,700 227,200 235,200 | 238,000
Gold Hill Canal below Combie Dam 2') 700 30,700 24,000 | 26,800
Precipitation 251,700 @ 250,500 375,300 | 292,500
TOTALS 529,100 508,400 634,500 | 557,300
Water disposal
South Canal above ~p111 . 139,100 135,100 | 124,700 { 133,000
Coon Creek at U, 5. Highway ()9L _ 36,300 39,500 @ 90,400 | 55,400
Auburn Ravine n I S, MHighway
99K . . e eoe- 47,400 34,600 | 67,600 49,900
Linda C rcel\ n Roseville. . _ ___ 30,000 34,900 65,500 43,500
ROITATES B e 252,800 244,100 348,200 @ 281,800
REMAINDER—TOTAL CON-
SUMPTIVE USE._ VNG __-- 276300 264,300 286300 275,500
Table 36 indicates that total eonsumptive nse of

water in the Foothill Unit dnring each of the three
investigational seasons did not vary materially. Dur-
me 1950-51, when rainfall was about 50 per cent
greater than that dnring either 1948-49 or 1949-50,
the amount of retained water inereased by only abont
10 per cent, and the additional rainfall was largely
disposed of as rnnoff. The seasonal utilization of
precipitation can be estimated by subtracting the
consumptive use of applied water, presented in Table
35, from the total consmmptive use. Based on this
eomputation, it is indicated that the seasonal econ-
sumptive use of precipitation was abont 229,000 aere-
feet, 217.000 acre-feet, and 239,000 acre-feet i 1948-
49, 1949-50, and 1950-51, respectively, which amounts
to average depths of about 19 iuches, 18 inches, and
20 inehes, based on the gross area of 141,140 aeres.

Probable Ultimate Water Requirements

The total water requirement in the Valley Unit
was estimated as it would be with the probable ulti-
mate pattern of land use and nnder mean conditions
of water snpply and climate, This was aceomplished
by multiplying aercages of land nse types, derived
in the forecast of the ultimate land wse pattern, by
eorvesponding average unit seasonal values of con-
snmptive use of water for the base period. Tt was
considered that unit consnmptive use during the
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base period was equivalent to that under mean con-
ditions of water supply and elimate. The estimate of
the probable ultimate water requirement in the Valley
Unit is summarized in Table 37 by general land use
elasses. The estimate includes consumptive use of
preeipitation.

TABLE 37

PROBABLE ULTIMATE MEAN SEASONAL
CONSUMPTIVE USE OF WATER IN
VALLEY UNIT

Class of land use Acre-feet

Irrigated lands . _ _ Dl 286,200
Dry-farmed and fallow lands__ . _ 16,000
Native vegetation_______________ i 12,200
Miscellaneous_.  _ . ______ ___ 27,900
FOTAL. .. ... S, 342,300

The total seasonal consuniptive use of applied
water on irrigable, urban, and miseellancous lands in
the Foothill, American River, Bear River, Yuba River,
and Tahoe Units was similarly estimated as it would
be under probable ultimate eonditions of land use
and under mean eonditions of water suply and eli-
mate. The estimates for the Tahoe Unit were based
on those presented in the previously referred to joint
report by the State Engineers of Nevada and Cali-
fornia on use of water in the Lake Tahoe watershed.
The estimates are summarized in Table 38,

TABLE 38

PROBABLE ULTIMATE MEAN SEASONAL CONSUMPTIVE
USE OF APPLIED WATER IN FOOTHILL, AMERICAN
RIVER, BEAR RIVER, YUBA RIVER, AND TAHOE UNITS

(In acre-feet)

Trigated Urban
Unit L and mis- Totals
lands
cellaneous
Foothill .~ __ . 118,100 14,800 132,900
American River - ! 30,100 500 30,900
Bear River_ ____ B e = 10,800 200 11,000
Yuba River._.___. o PR 0 200 200
Tahoe________ . 0 2,000 2,000
Subtotals. _ _ = i 159,300 17,700 177,000
National forests_ _ ~ 0 3,400 3,400

TOTALS_ . . ‘ 159,300 21,100 | 180,400

Nonconsumptive Water Requirements

As has been stated, eertain nonconsumptive require-
ments for water, such as those for hydroelectric power
generation, flood control, recreation, and conservation
of fish and wildlife, will be of significanee in the de-
sign of works to meet consmmptive requirvements for
water in Placer County. In most instances the magni-
tudes of the noneonsumptive requirements are rela-
tively indeterminate and dependent upon allocations

made during design of the works and after considera-
tion of economic factors. Water requirements for
hydroelectrie power production, flood eontrol, reerea-
tion, and couservation of fish and wildlife are dis-
cussed in general terms in this seetion, but not spe-
cifieally evaluated.

Hydroelectric Power Production. The prineipal
nonconswmnptive requirement for water in Placer
County is that whieh pertains to the generation of
hydroclectrie power. Although this requirement gen-
erally does not result in the consumption of water nor
m the depletion of runoff, it is a fundamental eon-
sideration in the development and distribution of
water. Revenues frow the sale of hydroelectric power,
generated in connection with possible new projects to
meet supplemental consumptive water requirements
of Plaeer County, will serve in many instanees to
make irrigation and other features of the projeets
financially and economiecally feasible.

In subsequent yield studies involving the operation
of hydroeleetric power plants meluded in new projeets
under consideration, the schedile of monthly require-
ments for water for generation of energy presented in
Table 39 was utilized. The schedule represents the esti-
mated monthly energy requivements to be realized in
1960 for northern California, and results from studies
conducted by a eroup of engineers drawn from vari-
ous state and federal agencies. These studies are pre-
sented in a publication entitled ‘‘ Central Valley Proj-
eet Studies, Problem 7,”7 published in 1947 by the
United States Department of the Interior.

TABLE 39

ESTIMATED MONTHLY REQUIREMENTS FOR WATER
FOR GENERATION OF HYDROELECTRIC ENERGY

. Per cent of Per cent of

Month seasonal Month seasonal

total total
N |
October_ . _ 8.57 April . 8.13
November . 7.42 « May._ _ 8.45
December 8.30 June_ . . 8.62
o nuany 8.13 ARl . . 9.41
Yebruary 7.21 August . . 9.25
March_ -~ __ o 8.02 September. 8.49
) L
TOTAL. 100.00

Flood Control. Destruetion and havoe eaused by
floods in California have frequently been accompanied
by the economie anomaly of wastage of large amounts
of water from areas of deficient water supply. Storage
of such flood waters in upstream reservoirs would
have aecomplished the dual purpose of conservation
of needed water and reduction of flood damages.
FFurthermore, results of the State-wide Water Re-
sources Investigation to date indicate that if Califor-
nia is to attain growth and development eoinmensurate
with her manifold resources, nearly all of the potential
reservoir storage capacity of the State must be con-
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structed and dedicated to operation for water con-
servation purposes. This in itself will result in a sub-
stantial inerease in downstream flood protection. How-
ever, any portion of the available reservoir storage
capacity that s operated wholly or partially for solely
flood eontrol purposes will correspondingly reduce the
capacity available for conservation.

1listorical damages from floods of the Awmerican,
Yuba, and Bear Rivers have been very large on the
flat floor of the Sacramento Valley, and extensive
channel improvements and levees have been built for
protection of the valley lands. Folsom Reservoir, re-
cently constructed by the Corps of Engineers, United
States Army, will provide substantial flood protection
for valley floor lands along the Awmeriean River.
Above the valley floor, historical flood damages have
been generally limited to local washouts of roads and
bridges, and minor erosion of agricultural lands.

The only lands in the Valley Unit subject to serious
flood damage at the present time are located adjaeent
to the south bank of the Bear River as it emerges from
the foothills. Although the c¢hannel of the Bear River
in this reach is leveed to prevent damage from all but
major floods, during the flood of November 20, 1950,
the south levee failed, the washout occurring down-
stream from the U. S. Highway 99E bridge. Minor
flood dammages in the Foothill and Valley [Tnits result
from major rain floods. Heavy rain storms resnlt in
localized damage along streams in Dboth units, and
mundation of narrvow strips of agricultural land adja-
cent to stream channels in the Valley Unit. Prelimi-
nary stndies made in connection with the current
State-wide Water Resources Investigation indicate
that additional stream c¢hannel alignment and leveeing
is desirable on Coon Creek, Markham Ravine, Anuburn
Ravine, Pleasant Grove Creck, and Linda Creck.
Records and estimates obtained during the present
investigation of peak flood flows on Auburn Ravine
and Coon and Linda ('reeks are included in Table 40.

Damages from floods oceur in the Tahoe Unit
around the shore line of Lake Tahoe and along the
Truckee River from Lake Tahoe to Donner Creek.

TABLE 40

RECORDED AND ESTIMATED FLOOD FLOWS ON PRINCI-
PAL STREAMS IN VALLEY UNIT DURING INVESTIGA-
TIONAL PERIOD

Instan-
Drain- taneous
age dis-
Stream Location area, in Date charge,
square in
miles second-
feet
Coon Creek. . U. S. Highway 99E___ 84 5,200
Auburn Ravine. U. 8. Highway 99E_ 32 *1,100
Linda Creek.__ at Roseville._______ 85 *5,500

* Estimated.

Floods on the Truckee River also cause considerable
damage downstream from KFarad to Pyramid Lake
in the State of Nevada, meluding the Clities of Reno
and Sparks. Damages suffered as a result of floods in
the Trnckee River watershed differ appreciably for
rain and snowmelt type of floods. A large rain flood
on the Truckee River causes heavy damage to the
City of Reno where high-value properties are con-
centrated, and damage to agricultural lands, roads,
and railroads, and loss of livestock. In the case of a
snowmelt flood, the T.ake Talhoe area, which is not
normally damaged during a rain flood, suffers major
damage as a resnlt of sustained lake stages above an
elevation of 6,228 fect where damage to lake shore
property begins. The damage around the lake is
prineipally to resorts, summer residences, beaches,
and piers,

I preliminary design of works to meet the supple-
mental water requirements of Placer Clonnty, no eou-
sideration was given to additional provisious for flood
control and protection, although such might be desira-
ble in certain instances. The provision of reservoirs
for flood eontrol and channel improvement for flood
proteetion purposes was considered to be outside the
seope of the current investigation.

Recreation and Fish and Wildlife. By virtue of
its climatic advantages and wide variety of natural
attractions, Placer County enjoys an ontdoor recrea-
tional opportunity of great nmportance to her growth
and eeonomy, and of significant importance to the
State as a whole. With anticipated continued growth
in population, it is expected that the public demand
for preservation and enhancement of recreational
facilities will be sufficient to assure the provision of
water supphes necessary for sueh purposes.

In the aggregate, the amount of water presently
used for domestic and service facilities in recreational
aveas in Placer County is relatively small. As for
waters employed for hoating, sailing, swimming, and
other water sports, most are available naturally or as
a result of works constructed and operated for other
purposes, and the nonconsumptive recreationtal use of
the water 1s incidental to the other uses. Of eonsidera-
ble mmportance among the many uses of water for
recreational purposes i Placer County are those
associated with the preservation and propagation of
fish and wildlife.

So far as is known, no artifieial lakes in Placer
County are utilized exclusively for fish life, such use
being incidental to the primary purposes for which
the reservoirs were constructed. Towever, the levels
of a few small natural lakes at the headwaters of
streams have been raised by the State Department of
Fish and Game, and releases are made to maintain
downstream flow conditions favorable to the preserva-
tion and propagation of fish life. It is considered
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probable that in the future more vescrvoir storage
capacity will be allocated to this purpose, and that
i some instances reservoirs will be constructed ex-
clusively to augment naturally low summer and fall
stream flows n the interest of fish life,

Water released down a stream to maintain the mini-
mum flow required for fish life does not constitute a
consumptive use of the water. The demands of fish
life, however, are frequently incompatible with hydro-
eleetric development and diversion and use of the
water for other beneficial purposes. Nevertheless, it is
beheved than an improved and adequate stream fish-
ery can be developed and maintained by the dedica-
tion of certain streams, and certain reaches of other
streams, to recreation and fishing, and by the cou-
struction of upstream storage to improve low stream
flow conditions. In addition, reservoirs constructed to
regulate stream flow for other purposes will provide a
ereatly increased lake fishery.

In connection with most reservoir vield studies made
for the Placer County Investigation, about three per
eent of the yicld of water was allocated to the inter-
ests of fish, wildlife, and recreation. Releases of water
within this allocation generally would provide down-
stream flows in excess of the minimum requirements
for fish life as determined by the State Department
of Fish and Game and the United States Forest
Service.

Demands for Water

The term ‘‘demands for water,”” as used in this

bulletin, refers to those factors pertaining to rates,
times, and places of delivery of water, losses of water,
quality of water, ete., imposed by the control, devel-
opment, and use of water for beneficial purposes. Irri-
gation practice in Placer County, as determined by
rates of application, irrigation efficiencies, conveyvance
losses, gross diversions, monthly demands, return flow,
and permissible deficiencies in application of water,
must be given consideration in preliminary design of
works to meet supplemental water requirements. These
demand factors, which were not measured or con-
sidered in the foregoing estimates of water require-
ments, are discussed in the following sections.

Application of Water. During ecach of the three
seasons of the investigation, measurements were made
of the amount of water applied for irrigation of
selected plots of principal crops grown in Placer
County. Records of sueh application of water pumped
from wells in Placer County were obtained for 9 plots
during 1948-49, 26 plots during 1949-50, and 44 plots
during 1950-51. The 1949-50 and 1950-51 studies in-
cluded most of the irrigated land in the Valley Unit.
In 1950-51, 36 additional studies were macde in eastern
Sutter County which were utilized in connection with
the mvestigation. Records of application of water

diverted from canals in the Woothill Unit were ob-
tained for 11 plots in 1949-50. Results of the studies
of water pumped from wells, which may be considered
representative of prevailing ground water irrigation
practice in the Valley Unit, are summarized in Table
41. Detailed results of the studies of plots using
ground water are presented in Appendix 1, and loca-
tions of the plots are indicated on Plate 13.

TABLE 41

MEASURED AVERAGE SEASONAL APPLICATION OF
GROUND WATER ON REPRESENTATIVE PLOTS OF
PRINCIPAL CROPS IN AND ADJACENT TO VALLEY UNIT

Weighted average
application of water,
in feet of depth

Number of plots

Crop & i
19-48-19
1948- | 1940- 1950-  Total | 1948- 1949- | 1950- | through
49 50 51 49 50 51 1950-51
Valley Unit [
Almond___ __ 3 1 1 5 0.9 1.4 0.9 1.0
Ladino____—_ 1 4 6 11 3.8 3.4 2.9 3.3
Pasture_____ 0 7 13 20 . 4.0 3.5 3.6
Rice_ - ______ 3 14 24 11 5.1 1.9 5.2 5.1
Vineyard . __ 2 0 0 2 0.3 ap 8 sueg
TOTALS 9 26 44 79
Adjacent to
Valley Unit
Pasture______ . - 14 - - . 3.8 S
Rice-_-~_2-"4 us o 22 - = o 6.3 S

TOTALS | 36

Results of the 1949-50 plot studies of water di-
verted from canals in the Foothill Unit are summa-
rized in Table 42. Detailed results of the studies are
presented in Appendix L, and locations of the plots
are shown on Plate 13.

~

TABLE 42

MEASURED AVERAGE APPLICATION OF SURFACE WATER
ON REPRESENTATIVE PLOTS OF PRINCIPAL CROPS IN
FOOTHILL UNIT IN 1949-50

Weighted average
application of water

Number

Crop of plots
Inches Feet

of depth of depth

Orchard._ - __________ . 6 47 3.8
Orchard and cover erop- - - - ____ 1 49 4.1
Pastures- o -o-c s oot o 3 52 1.3
Bedrs o e R R 1 30 2.5

In the Foothill, American River, and Bear River
Units, water for irrigation is diverted from canals
and conduits by means of miner’s ich boxes. The
diversion is made on a eontinuous flow basis for about
150 days, and the water is measnred in miner’s inches.
The number of miner’s inches per acre is generally
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used as a measure of duty of water. The general prae-
tice Is to buy one-half miner’s inch of water per acre
of pasture, whether irrigated by sprinkler or flooding.
This amounts to an application of abont 45 inehes
depth of water during the season from May throueh
September. On orchard land, irrigation practiee is
varied, with applieations ranging from one miner's
imeh for six aeres to one miner’s inch per aere. Gen-
erally, less water is applied with furrow irrigation,
becanse even a minimum rate of application results in
a high rate of runoff. Irrigation practice and erop
produetion are improved by nse of sprinklers, which
permit better control aund application of greater
amounts of water. The use of eover ¢rops on orchard
lands has also resulted in inereased application of
water to these lands.

Esthmates were made of the total amonnt of irriea-
tion water applied to lands in Plaeer County during
the investigational seasons, utihizing results of the
plot studies and other pertinent available informa-
tion. The summary of these estimates 18 given in
Table 43.

TABLE 43

ESTIMATED TOTAL SEASONAL APPLICATION OF IRRIGA-
TION WATER IN UNITS OF PLACER COUNTY DURING
INVESTIGATIONAL SEASONS

(In acre-feet)

Unit 1948-49 1949-50 1950-51

Valley
Surface water_ _ _ o 18,900 15,700 16,600
Ground water_ et 21,500 21,500 29,300
Subtotals. 10,400 37,200 45,900
Foothill . .. . 102,800 95,400 96,600
Ameriean River . 9,900 9,200 9,400
Bear River.. _ 5,800 5,800 5.800
Subtotals 118,500 110,400 111,800
TOTALS 158,900 147,600 157,700

Irrigation and Water Service Area Efficiencies.
Studies were made to determine irrigation efficieney
realized from application of water in Placer Clonnty.
Irrigation efficiency is defined as the ratio of con-
sumptive use of applied water to the total amount of
applied water, and is commonly expressed as a per-
centage,

It was estimated that the irrigation efficiency
realized from application of gronnd water in the
Valley Uit during 1948-49 and 1949-50 was about 81
per cent, and during 1950-51 abont 78 per cent. It was
further estimated that the irrigation efficiency real-
ized from application of surface water in the Valley
Unit durine the three seasons was about 71 per cent,
75 per cent, and 65 per eent, respeetively. The indi-
cated irrvigation efficiencies in the Valley Unit are un-
usuatly high when compared with those experienced
in many other parts of (falifornia. This may be partly

due to the relatively unbroken and extensive hardpan
layer underlying the Valley Unit. The western edge of
the hardpan layer is approximately along the western
boundary of Placer County. The apparent effect of
the hardpan layer in reducing application of water

is indicated by a comparison of the values for appli-

cation of water to pastnre and rice in Placer County
and in eastern Sutter County, as presented in
Table 41.

There is little information available regarding irri-
gation effieiencies in P’lacer Conunty other than in the
Valley Unit. Water serviee area efficiencies, however,
were caleulated from data vesulting from the four
previously diseussed watershed studies in the Foothill,
American River, and Bear River Units. Water serviee
arvea efficieney is defined as the ratio of eonsumptive
use of applied water in a given serviee area to the
avoss amount of water delivered to the area, expressed
as a percentage. The estimates of water serviee area
efficieney realized in the four watersheds in 1950-51
are shown in Table -+

TABLE 44

ESTIMATED WATER SERVICE AREA EFFI-
CIENCY IN SELECTED WATERSHEDS IN
PLACER COUNTY, 1950-51

(In per cent)

Watershed Efficiency
Ioden Valley . __ B 51
Penryn Valley . . | 36
Sailor Ravine._ | 35
Mormon Creek 55

It is considered that the foregoing esthuates of
irrigation and water service area efficiencies refleet
present irrieation practices in Placer County. Even
with inereasing demands for water, effietencies sub-
stantially higher than the high values now obtained
in the Valley Unit are not anticipated in the future.
Ilowever, some improvement in future irrigation
practice may be expected in the Foothill, .\meriean
River, and Bear River Units.

Conveyance Losses. No estimates were made of
eonveyvanee losses under present irrigation praetiees
in Placer County. In addition to the main conduits
conveving water, many distribntion canals and ditches
are concrete-lined in those places where large losses
have occurred in the past. Stndy of records of meas-
urements made at various locations on conduits of
the Nevada Irrigation District indicate that eonvey-
ance losses are not excessive. Convevance losses from
conduits and canals are sometimes recovered in na-
tural streams or Dby canals at lower elevations. More
often, however, the water lost is consumed by native
vegetation, espeelally where the rrieated lands ocenr
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as 1solated parcels. In the Valley Unit a considerable
portion ot the seepage trom nnlined eanals, together
with most of the nnconsumed portion of applied irri-
cation water, probably acernes to gronnd water and
is subject to recovery by pumping. In the seclection
of sizes of conservation works to serve the Valley
Unit, it was assumed that conveyance losses would
approximate 25 per cent of the diverted water snpply.
In the Foothill, American River, and DBear River
[Tnits, where lined conduits or tunnels were generally
specified, 1t was assumed that conveyance losses would
approximate 10 per cent of the diverted supply.

Gross Diversion of Water. Total seasonal diver-
sion of irrigation water to the four previonsly dis-
cussed watersheds in the Foothill, American River,
and Bear River Units was measured dnring the in-
vestiegation. The measnred amonnts so diverted in
1950-51. together with the eomputed nnit values of
oross diversion per acre of irrigated land, are given
m Table 45.
TABLE 45

GROSS SEASONAL DIVERSION OF IRRIGATION WATER
TO SELECTED WATERSHEDS OF PLACER COUNTY, 1950-51

Unit

Irrigated Total diversion,

Watershed land, diversion, in in

in aeres acre-feet aere-feet

per aere
Eden Valley = 113 286 2.5
Penryn Valley 3,240 11,770 3.6
Sailor Ravine_ 209 740 3.5
Mormon Creek._ _ 687 2,020 3.0

Monthly Demands for Water. Decause of differ-
ences in water ntilization by varions c¢rops grown in
Placer Connty., there is considerable variation in
both rate and period of demand for irrication water.
On the average, the irrigation demand in the Valley
[nit ocenrs during the months of April through No-
vember. In the Foothill, American River, and Bear
River Tnits, irrigation demand oceurs during May
through September.

Based on analysis of measurements of application
of ground water for irrigation made in 1949-50 in
the Valley Unit, the estimated average monthly dis-
tribution of demand for irrigation water is as pre-
sented in Table 46.

Inspection of records of application of water in
the four selected watersheds, disenssed previously,
indieates that the monthly diversion of surface water
i 1950-51 to the three smaller watersheds was a
nearly constant amount and was fixed by the maxi-
mum capacity of condnits to couvey water. In Pen-
ryi Valley, however, a monthly variation in the
amonnt of the total surface diversion was observed.
as shown in Table 47. This table also presents demand

TABLE 46

ESTIMATED AVERAGE MONTHLY DISTRIBUTION OF
DEMAND FOR IRRIGATION WATER IN VALLEY UNIT

Per cent of Per cent of

Month seasonal Month seasonal
total total
April - 1 September 12
May . - 14 October 3
June | 21  November 1
July 25 -
August 23 TOTAL 100

schedules ot the Nevada and El Dorado Irrigation
Districts based on records of canal diseharge, together
with the sehedule of distribntion of monthly demand
of the Nevada Irrigation District during the irriga-
tion season. The demand schedule of the Nevada ITrri-
egation District was assumed to be representative of
the distribution of demand for water in Placer Connty
other than in the Valley Unit, and was so utilized in
vield studies for the design of water conservation
works.
TABLE 47

ESTIMATED AVERAGE MONTHLY DISTRIBUTION OF
DEMANDS FOR WATER IN PLACER COUNTY

(In per cent of seasonal total)

Irrigation demand Total demand

plendh In In Nevada In Nevada IEn B
- S Sl orado
I snryn Irrggal‘mn Irrl‘;.:a‘t.lon Torieniion
Valley Distriet Distriet Distriet
January . 0 0 2 1
February _ . 0 (] 1 1
Mareh. .. .. 0 0 1 2
April - . ol 0 0 3 2
May . = . 15 15 12 14
June._ e ® i 20 20 16 19
July - - 22 24 20 i
August 23 23 19 19
September 20 18 15 13
Oetober 0 0 {7 >
November 0 0 2 2
December.___ . 0 0 2 1
TOTALS 100 100 100 100

Return Flow. In the previous discussion of water
service area efficiency it was indieated that the average
quantity of water delivered to irrigated lands in cer-
tain watersheds of the Foothill Unit was alinost twice
the qnantity of water consmumed by the irrigated erops.
In the same manner it was shown that the amonut of
water applied to irrigated erops i the Valley Unit
was also considerably greater than the water consumed
by these crops. Most of the nnconsnmed water con-
stitntes retnrn flow which generally reaches surface
streams or gronnd water basing and may be available
for rediversion or for pumping. Return flow is an nn-
portant source of water supply, and in many instances
may be recovered and re-used within the water serv-
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ice area itself. Such return flow as cannot be recov-
ered within the arca where it origimates accrues to
downstream users as a source of water supply.

In the design of water conservation works to serve
the Valley Unit 1t was assumed that the unconsumed
portion of water applied to irrigation would pereolate
to the ground watev basin and would be available for
re-use, and that half of the conveyance losses would
be available for re-use in a similar manner. No present
attempt was made to evaluate the occurrence and use
of return flow in connection with the desigun of water
conservation works to serve the other units of Placer
County.

Permissible Deficiencies in Application of Irriga-
tion Water. Studies to determine deficiencies in the
supply of irrigation water that might be endured
without permanent injury to perennial crops were not
made i connection with the Placer County Investiga-
tion. ITowever, the vesults of past investigation and
study of endurable deficiencies in the Sacramento
River Basin are believed to be applicable to Placer
County. In this respeet, the following is quoted from
Divistonn of Water Resources Bulletin No. 26, *“Sacra-
mento River Basin, ' 1931.

ox ok % A full irrigation supply furnished water not only for
the consumptive use of the plant but also for evaporation from
the surface during application and from the noist ground sur-
face, and for water which is lost through percolation to depths
beyond the reach of the plant roots. Less water can be used in
yvears of deficieney in supply by careful application and by more
thorough cultivation to conserve the ground moisture. In these
wiys the plant can be furnished its full consumptive use with
much smaller amouuts of water than those ordinarily applied
and the yield will not be decreased. If the supply is too deficient
to provide the full consumptive use, the plant can sustain life
on smaller amounts bnt the erop yield will probably be less than
normal.

»It is believed from a study of such data as are available that
a maximnm deficieney of 33 per cent of the full seasonal require-
nient can be endured, if the deficieney oceurs only at relatively
long intervals. It is also believed that small deficiencies ocenr-
ring at relatively frequent intervals can be endured.”

[n the selection of sizes of conservation works for
design purposes to serve Placer Connty, it was as-
sumed that deficiencies in the amount of 35 per eent
of the average scasonal requirement for irrigation
water may be endured in seasons of eritically deficient
water supply, provided that such deficiencies do not
oecur frequently and in no case in congecutive sea-
sons. It was further assumed that requirements for
urban water and hydroeleetrie power would be met at
all times without deficieney.

SUPPLEMENTAL WATER REQUIREMENTS

The previously presented data, estimates, and dis-
cussion regarding watev supply and utilization in
Placer County indicate that present and probable fu-
ture water problems of the Foothill, American River,
and Bear River Units of Placer County are largely
limited to those connected with supply and distribu-
tion of surfaee water, and that their effects are re-

lated to irrigated agriculture and munieipal use.
These problems may be largely eliminated if adegnate
supplemental water supplies are developed and wutil-
1zed on lands above the present service areas of the
Nevada Irrigation District and the Pacifie Gas and
Electric Company. The present and probable future
water problems of the Yuba River and Tahoe Units,
as well as those of lands situated m the national for-
ests, are of a minor nature since theiv present and
future water needs are small and may be met with
local small-scale conservation works. As for present
and probable futnre water problems of the Valley
Unit, it s indicated that they are largely limited to
those connected with ground watev, and that their
effects are largely related to irrigated agriculture. The
ground water problems in the Valley Unit, ereated by
progressive lowering of water levels and low yield of
wells, may be ehhminated or prevented if adequate sup-
plemental water supplies are developed and utilized
in the unit. The estimated present and probable ulti-
mate requirements for supplemental water in Placer
County are discussed and evalnated in the following
sections.

Present Supplemental Water Requirement

In the Foothill, American River, Bear River, and
Yuba River Units, with the exception of the Forest-
hill Divide in the American River Unit, all presently
developed lands are served or can be served by exist-
ing works of either the Nevada Irrigation Distriet or
the Pacific Gas and HElectrie Company. There is no
apparent shortage of water i the service area of the
Nevada Irrication District, nor in the Wise serviee
arvea of the Pacific (as and Electric Company. How-
ever, mm some localities above the foregoing serviee
areas, ol the Foresthill Divide, and in the Tahoe Unit,
development is presently restricted because of limited
water supplies and works. Such present deficiencies
are not readily susceptible to evaluation and are be-
lieved to be small. For these reasons, present supple-
mental water requirements of the Foothill, American
River, Bear River, Yuba River, and Tahoe Units were
1ot estimated, but for purposes of the present studies
were considered to be neghgible.

The present requirement for supplemental water m
the Valley Unit was evaluated as the differenee be-
tween safe yield of the ground water basin and pres-
ent consumptive use of ground water. It might be
areued that this evaluation fails to give consideration
to possible inadequaeies in service of surface water to
portions of the unit. Iowever, in the equation of
hyvdrologi¢ equilibrinm presented in Table 18, npon
which the estimate of safe ground water yield was
based, the unit conswmptive use factors chosen as-
sumed a full and sufficient application of water on all
irrigcated lands whether from surface sourvces or
eround water. [t follows that any possible present
inadequacy in surface water service was taken into
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account and provided for in the estimate of safe
eround water yield.

[t was estimated in Chapter IT that safe seasonal
ground water yield in the Valley Unit amouunted to
20,200 acre-feet. This was determined as the seasonal
net extraction of water from the ground water basin
that might be maintained, under mean conditions of
water supply and climate, without further progres-
sive lowering of the water table below average levels
prevailing in 1950-51. Seasonal cousumptive use of
eround water, with present culture and under mean
conditions of water supply and climate, was estimated
to be about 28,500 acre-feet, as shown in Table 34.
The estimated present requirement for supplemental
water in the Valley Unit is, therefore, about 8,300
acre-feet per season.

Probable Ultimate Supplemental
Water Requirement

The probable ultimate requirement for supple-
mental water in the Valley [nit was evaluated as the
difference between present and probable ultimate con-
sumptive use of water, plus the present requirement
for supplemental water, since it was assumed that in
this unit the convevance and application losses would
return to the ground water basin. Development and
utilization of a supplemental water supply i the
amount of this forecast would assure an adequate
supply of water for lands presently irrigated in the
Valley Unit, as well as for those irrigable lands not
presently served with water. Furthermore, present
problems in the Valley Unit, resulting from progres-
sive and permanent lowermg of water levels and low
vield of wells, would be eliminated.

In other units the probable ulthmate requirement
for supplemental water was evaluated as the differ-

ence between present and probable ultimate consump-
tive use of applied water, and adjusted to account for
estimated re-use of retnrn flows and losses in convey-
ance and application. In the Foothill, American
tver, Bear River., Yuba River and Tahoe Units the
requirenient will be satisfied principally by stream
diversions or reservoir releases. A part of the re-
quirement may be satisfied, however, by recoverable
return flows. In addition, a portion of the developed
water supply will be lost in conveyance and applica-
tion. Therefore, in these units the ultimate supple-
wental water requirement does not signify either
required stream diversion or draft on a reservoir,
which quantities can only be estimated with knowl-
edge of physical features. Since the ultimate supple-
mental water requirement in these units will be af-
feeted by the location of project features, an accurate
estimate can only be made when the basic framework
of the water supply project is established. Neverthe-
less, preliminary estimates of ultimate supplemental
water requirements are considevably more realistie
and more useful for project planning purposes than
are estiimates of consumptive use of applied water. As
a first step in deriving such estimates, 1t 1s assumed
that, in comnection with future water development,
the demands for and the cost of water will be such
that convevance and application losses will be reduced
to a minimwn, and that every effort will be made to
recover veturn flows. On this basis, it is considered
reasonable to assume that average irrvigation efficten-
¢ies of about 75 per cent will prevail, aud that retnrn
flow will be recovered in qguantities sufficient to bal-
ance the conveyvance loss. Under these conditions, the
probable ultimate supplemental water requirement in
the Foothill, American River, Bear River, Yuba

v

TABLE 48
PROBABLE ULTIMATE MEAN SEASONAL SUPPLEMENTAL WATER REQUIREMENT IN UNITS OF PLACER COUNTY

(In acre-feet)

3 4 5 6
e § Probable Probable increase . Probable ultimate
G P‘reaentt' - ultimate in consumptive Prob.able‘ IDCreght Pfsemt 1 supplemental
con.sumpfnc e tiie of in water suppnr Itnen al Sy

e use of water LI sl requirement

water S @ - (3% 1.33) requirement. (4 + 5)
— ettt el ra | & I

PlTe N e 161,300 = 342,100+ 180,800 180,800 8,300 189.100
Foothill_____. . . 47,700® 132,900" 85,200 113,300 0 113,300
American River. ... 3,800b 30,900+ 27,100 36.000 0 36,000
fear River.— ... .. . 2,600b 11,000P 8,400 11,200 0 11,200
Yuba River_______ . Moy 100" 2000 100 100 0 100
Tahoe = _._____ e 400° 2,000t 1,600 2,100 0 2,100
Subtotals®s oo .o 215,900 519,100 303,200 343,500 8,300 i 351,800
National Forests ____ 900°b 3,400b 2,500 3,300 0 | 3,300
ORI S ) 216,800 522,500 305,700 346,800 8,300 } 355,100

A Includes consumptive use of precipitation.
b Consumptive use of applied water only.
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River, and Tahoe Units will be equivalent to the
probable increase in consumptive use of applied water
phus 33 per eent. Such estimates computed on this
basis, together with the estimate for the Valley Unit,
are presented in Table 45,

With certain qualifications, the foregoing estimates
can be used in project planning as a basis for deter-
mining probable stream diversions or drafts on reser-
voirs. Where appropriate, the possibility of recovering
return flow from upstream areas should be considered
as a means of satisfving a part of a service area water
requirement, and thereby reducing the vequired
streamn diversion or draft on the reservoir. Moreover,
the sitnation i1 any given water serviee area may be
sueh that relatively large quantities of return flow

originating within the area may be recovered and
re-used. On the other hand, the conveyvanee loss be-
tween the serviee area and the proposed diversions
or reservoirs constitutes an additional requirement
for water. Under the most unfavorable eonditions
the stream diversion or draft on reservoir storage to
satisfy the probable ultimate supplemental water re-
quirement would be somewhat larger than the quan-
tittes given in Table 48 by the amount of water lost
in transit between the diversion or reservoir and
the service area. Under favorable conditions, where
return flows from upstream areas can be used to
satisfy a part of the water requirement, the diversion
or draft on storage eould be considerably less than
the guantity listed in Table 48.
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CHAPTER IV

PLANS FOR WATER DEVELOPMENT

It has been shown heretofore that present critical
water problems of the Valley Unit i Placer County
largely consist of progressive lowering of ground
water levels, and low yield of wells in certain areas.
In the Foothill, Amertean River, Bear River, and
Yuba River Units, where existing water service is
generally adequate for current demands, desirable
expansion of irrigated agriculture is mpeded by the
insufficiency of developed water supplies. Water sup-
ply is not at present a critical problem within the
Tahoe Unit, but recreational property aloung the
shore of Lake Tahoe i1s subject to flood damage at
times of high water levels, and new water supphes
will be mneeded in the future to meet antieipated
orowing demands for recreational and agrieultural
purposes. Elimination of present eritical ground
water problems in the Valley [Tnit, and provision of
water for irrigable and potentially urban and rec-
reational lands in Placer County not presently served
with water, will require further eonservation develop-
ment of the available water resources. In the preeced-
ing chapter, estimates were presented as to the amount
of snupplemental water required for these purposes.

It has been shown that large surplus flows of water
are presently available to Placer County from the
watersheds of the Yuba, Bear., American, and Truckee
Rivers and from many minor streams withm the
county. This surplus water is available during the
snowmelt pertod of every season. Studies whieh are
deseribed in this ehapter indicate that the surplus
flows, if properly econtrolled and regunlated, would
more than meet the present and probable ultimate
water requirements of Placer County. Furthermore,
reduction of flooding around the shore of liake Tahoe
would be attained.

As was stated in Chapter I, the Division of Water
Resources is presently conducting surveys and studies
for the State-wide Water Resources Investigation,
under direction of the State Water Resources Board.
This investigation has as its objeetive the formulation
of The California Water Plan, for full conservation,
eontrol, and utilization of the State’s water resources,
to meet present and future water needs for all bene-
ficial purposes and uses in all parts of the State, inso-
far as practicable. Surveys and studies are also being
conducted by the Division of Water Resources for the
Survey of Mountainous Areas. This investigation,
which is coordinated with the state-wide investieation,
has as its primary objective the determination of
probable ultimate water requirements of eertain coun-
ties of the Sierra Nevada, and the formulation of
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plans for projeets which will meet those require-
ments. Although these investigations are still in prog-
ress, they are sufficiently advaneed to permit tenta-
tive deseription of eertain major features of The
California Water Plan which would provide supple-
mental water to meet the probable ultimate require-
ment of Placer County. The projects would also
provide supplemental water supplies for other water-
deficient areas of California. In addition, benefits
from the projeets would inelude hydroeleetric power,
flood and salinity control, mining debris storage, and
benefits in the interests of reereation and preservation
of fish and wildlife.

In general, the major features of The California
Water Plan whieh were mentioned in the preeeding
paragraph would be large multipurpose projeets re-
gquiring relatively large capital expenditures. Their
seope, with regard to both loeation of the works and
benefits derived from their operation, would not be
hmited to Placer County, but would embrace other
portions of California as well, and in some instances,
of Nevada. Additional study will be required to deter-
miue possible means of finaneing, construeting, and
operating these large projeets, and of coordinating
them with other major features of The California
Water Plan. In eonmection with the Placer County
Investigation, therefore, surveys and studies were
made in order to estimate eosts of supplemental water
supplies for Plaecer County under localized portions
of the major projeets, that might be suitable for eur-
rent financing, eonstruction, and operation by appro-
priate local publie ageneies. It was desirable that these
plans for initial development be sueh that the works
conld be readily integrated into the future major proj-
eets. or this reason the purposes of the initial plans
were not Hmited merely to eonservation of new water
suffictent to meet present water requirements of
Placer County and provide for hmited future growth.
Rather, the works proposed for initial development
would yield supplemental water to meet the probable
ultimate requirements in many portions of Placer
County, as well as furnish limited amounts of water
and hydroelectrie power for export from the county.

Major features of The California Water Plan which
would be pertinent to full development of the water
resources of Placer County are deseribed in general
terms in this chapter under the headdre ““‘The (ali-
fornia Water Plan.”” These proje¢ Plyill be more
specifically deseribed in future reports of the State
Water Resources Board. The several plans for possible
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mitial local development of supplemental water sup-
plies which were given consideration in connection
with the Placer County Investigation are deseribed
in this chapter under the heading ‘‘Plans for Iuitial
Local Development.”” All such plans considered
would be subject to vested rights. Specific plans are
presented for the more favorable local projects, to-
gether with estimates of capital and annual costs and
unit costs of the developed supplenental water sup-
plies. Locations of the principal features of the
possible plans for both initial and future construction
arc shown on Plate 14, entitled ‘‘Plans for Water
Development.”’

THE CALIFORNIA WATER PLAN

To enable orderly and logical presentation, tenta-
tive plans for major projects of The California Water
Plan pertinent to full development of the water re-
sources of Placer Clounty are presented separately for
the American, Bear and Upper Yuba, and Truckee
River Basins. Locations of the works described are
shown on Plate 14.

American River Basin

The California Water Plan as it relates to the
Ameriecan River Basin will be deseribed i detail in
a future publication of the State Water Resonrces
Board. For present purposes, there follows a brief
deseription of works on the Middle and North Forks
of the American River which would not only provide
supplemental water to meet the probable ultimate re-
quirements of Tands in Placer County, but which also
would provide large amounts of regulated water for
other beneficial purposes both inside and ontside of
Placer County.

Tentative plans for development of the Middle Fork
of the American River contemplate the construction
of a diversion dam at a site on the Upper Rubicon
River immediately cast of Rockbound Liake, and about
eight mites southwest of Mecks Bay, and construction
of a canal and tunmnel to convey the diverted water via
Rockbound and Buck Island Lakes, mto an enlarged
Loon Lake Reservoir. Water from a diversion on the
Little South Fork of the Rubicon River would also be
conveyed to the enlarged Looun Lake Reservoir by
means of a conduit about 0.7 mile in length. Water
released from Loon Lake Reservoir would flow west-
erly through a proposed tunnel for about two miles
to the penstock of the Loon Lake Power Plant, to be
located near the flow line at the upper end of Gerle
Reservoir. This reservior would be ereated by con-
strnetion of a dam on Gerle Creek, about 4.5 miles
downstream 1 the existing Loon Lake Dawm, owned
by the Georgerown Divide Water Company. Releases
of water would be made from Gerle Reservoir through
a proposed tunnel, 2.7 miles in length, to the penstock
of the Gerle Power llouse, to be located near the flow

line at the upper end of the proposed Parsley Bar
Reservoir, which would be e¢reated by construction of
a dam at a site on the Rubicon River about five miles
above its junction with the Iittle South Fork of the
Rubicon River.

The tentative plans also contemplate construction
of a diversion dam on Duncan Creek and conveyance
of the diverted water southeasterly in a tunnel for a
distance of about 1.4 miles to French Meadows Reser-
voir, to be created by construction of a dam at a site
on the Middle Fork of the American River approxi-
mately 18 miles npstream from its junction with the
Rubicon River. The water thus conserved would be
conveyed in a tununel for a distance of about 2.8 miles
to the Frenceh Meadows Power House, to be located
near the flow line on the right bank of the proposed
Lower ITell Hole Reservoir. Lower Ilell Tlole Reser-
voir would be crcated by construetion of a dam at a
site on the Rubicon River about one mile upstream
from the previously mentioned Parsley Bar Reservoir.

Under the foregoing plans, all power releases from
the upstream reservoirs wonld be re-regnlated in Pars-
ley Bar Reservoir. Water released from Parsley Bar
Reservoir would be conveyed westerly in a proposed
tunnel about 4.5 miles in length, and released into the
natural channel of Long Canyon. lmmediately down-
stream the water would be diverted, together with a
portion of the natural runoff of Long Canyon, into a
proposed ¢anal which would extend along the south
bank of Long Canyon below Ralston Ridge for a dis-
tance of about niune miles to the forebay and penstoek
of the proposed Ralston Power Ilouse. This power
house would be located on the Rubicon River and near
the flow line at the upper end of the proposed Ameri-
can Bar Reservoir, which would be crcated by con-
struction of the American Bar Dam at a site on the
Middle Fork of the American River about 1.5 iiles
below the junction with the Rubicon River. Water
released from American Bar Reservoir would be c¢on-
veyed in a tunnel in a westerly direction for a dis-
tance of about 2.7 miles to the penstock of the pro-
posed American Bar Power llouse, on the left bank
of the Middle Fork of the American River below
Foresthill, and thence into the pool of the proposed
Auburn Reservoir, which would be created by con-
struction of a dam on the Awmerican River about two
miles south of the City of Auburn. The proposed
Auburn Power Iouse would be located on the right
bank of the American River about 0.5 mile down-
stream from Auburn Dam, and wounld be connected
to the reservoir by means of a tunmel. Water dis-
charged from the power plant would flow downstream
to Folsom Dam and Reservoir, where it wonld be
re-regulated and available for development of hydro-
clectrie power and for other beneficial purposes at
downstream points. Consideration is also being given
to plans ineluding construction of a tunnel from Au-
bnrn Reservoir to Aubnrn Ravine which wonld per-
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mit dehvery of water to lauds below Wise Power
1ouse.

Other tentative plans tfor development of the Middle
Fork of the American River wonld provide water to
meet the probable ultimate requirements of the For-
esthill Divide. These plans ielnde construetion of
facilities for diversion and conveyance of water from
Secret Canyon, Black Canyon, Bl Dorado Creek, and
Buthon Creek to a proposed Forbes Reservoir on
Forbes Creek, and to an enlarged Big Reservoir lo-
cated on a tributary of the same stream. Additional
water, including spilt from an enlarged Big Reservoir
and Forbes Reservoir, would be eonserved in the pro-
posed Sugar Pine Reservoir, to be created by con-
struction of a dam on North Shirttail Canyon. Water
eonserved in each of the three reservoirs would be rve-
leased to and conveyed in canals to serve lands on the
Foresthill Divide.

Tentative plans for development of the North Fork
of the Ameriean River contemplate the dedieation of
this stream above Pickering Bar principally to the in-
terests of fish, game, and recreation. Construction of a
small dam and reservoir is proposed at The Cedars,
about five miles south of Norden. This reservoir would
msure a minimum stream flow of abont seven second-
feet in the North Ifork below this point.

Bear and Upper Yuba River Basins

The California Water Plan as it relates to the Bear
and Upper Yuba River Basins will be deseribed in
detail in a future pnblieation of the State Water Re-
sourees Board. For present purposes. there follows a
brief description of certain of the works which relate
directly or indireetly to provision of supplemental
water for Plaeer C'ounty.

In general, the tentative plans for development of
the waters of the Bear and Upper Yuba Rivers in-
volve works whieh would be integrated into, or oper-
ated in eonjunction with, the existing systems of the
Nevada Irrigation District and the Paeifie Gias and
Eleetrie Company. The proposed works would supple-
ment the foregoing systems and in some eases would
result in the inerease of eapaeities and yields of ex-
isting works. The plans eontemplate the eonstrnetion
of a dam and reservoir at the Jackson Meadows site,
loeated on thie Middle Fork of the Yuba River about
five miles northeast of Bowman ILake Reservoir and
about two miles upstream from the existing Milton
Diversion of the Nevada Irrigation District. Jackson
Meadows Reservoir wonld conserve the runoff of its
own watershed, plus water diverted from Ilaypress
Creek which wonld be conveyed in a proposed tunnel
for a distance of about three miles to the reservoir.
The conserved waters of both the Middle Fork of the
Yuba River and Ilaypress Creek, after release from
Jackson Meadows Reservoir, would flow into DBow-
man Lake by way of the existing Milton-Bowman
Tunnel, and thence throngh the existing Bowman-
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Spaulding Conduit and Spaulding Power I1Touse No.
3 into Lake Spaulding and the Drum System of the
Yacific Gas and Electrie Company.

The tentative plans also contemplate the eonstrue-
tion of an enlarged dam and reservoir npstream from
the site of the existing Lake Valley Dam owned by
the Puaeifie Gas and Electrie Company, which is lo-
cated on the North Fork of the North Fork of the
Amierican River about three miles west of Cliseo. Lake
Valley Reservoir, thus ercated, would conserve the
runoff of its own watershed, and would receive water
from the existing Fordyee Lake, which presently dis-
charges mto Lake Spaulding, and from Rattlesnake
(reck and the South Fork of the Ynba River. As an
alternative to the Lake Valley Dam and Reservoir,
consideration is also being given to construetion of a
dam and reservoir at a site near (‘isco on the South
Fork of the Yuba River. Water eonserved in either
the Lake Valley or Cisco Reservoirs would be dis-
charged through conduits, 2.0 and 3.6 miles in length,
respectively, into a power house on the flow line of
Liake Spaulding. This and other water discharged
from lLake Spaulding into the Drum System, aud
through the existing Drum and Dutch Flat Power
Houses, would be conveyed from the afterbay of the
latter plaut in a new conduit. including about six
miles of eanal, to the proposed Chicago Park Power
IHouse. The Chicago Park Power llouse would be
located 0.75 mile upstream from the flow line of the
proposed Rollins Reservoir, which would be created
by eoustruetion of a dam on the Bear River at a site
about 2.5 miles north of Colfax and iunnediately
above the intake of the existing Bear River (‘anal.
Water couserved in Rollins Reservoir would be di-
verted into the Bear River C‘anal.

The plans nuder study tor development of the Bear
River also eountemplate the constrnetion of a dam and
reservoir for eonservation purposes at the Garden
Bar site, about 10 miles east of Wheatland on the
Bear River. In addition, plans have been made for an
enlarged Camp Far West Dam and Reservoir at the
site of the existing development, about six miles east
of Wheatland on the Bear River.

Truckee River Basin

Features of The Catifornia Water Plan pertaining
to Lake Tahoe and the Truckee River Basin will be
more speeifically described in a future publication of
the State Water Resources Board. For present pur-
poses, however, there follows a brief deseription of
eertain of the works which not only would provide
supplemental water to meet the probable ultimate re-
gnirements of lands in Plaeer County, but which also
wonkd provide regulated water for other benefieial
purposes both iuside and outside of Placer County,
and a large measure of flood eontrol.

Tentative plans for the development of Lake Tahoe
and the Triekee River contemplate the operation of
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Lake Tahoe within the presently prescribed range of
lake stage of 6.1 feet provided in the Truckee River
Decree and the Truckee River Agreement, exeept that
the upper water surface elevation would be redueed
from 6,229.1 feet to 6,228 feet to alleviate flood dam-
age. The Truckee River Deeree, the so-called 1915
Decree,’” on record in the office of the United States
Federal Court, San Francisco, provided that the nat-
ural outlet of Lake Talioe, which is at an elevation of
6,223 feet, shall not be disturbed. The Truckee River
Agreement of 1935, having as its parties the United
States of America, Truckee-Carsou Irrigation Distriet,
Washoe C'ounty Water Conservation District, and the
Sierra acifie Power Company, provided that the
Lake Taloe level shall not be permitted to rise above
an elevation of 6,229.1 feet.

Water conserved in Lake Tahoe would be consumed
around the lake, released to the Truckee River for
support of fish life, or would be diverted at a pont
on the northeast edge of Lake Tahoe to the proposed
Washoe Reservoir in Washoe Valley in Nevada by
means of the Washoe Diversion Tunnel. The Washoe
Diversion Tunnel would extend northeasterly for a
distance of about 3.3 miles to Franktown Creek, and
to the intake of a tumnel 0.35 mile in length leading
to the penstock of the proposed Kranktown Power
House. This power house would be located near the
flow line of the proposed Washoe Reservoir, which
would be ereated by construction of an earthfill dam
on Steamboat Creek at the north end of Washoe Val-
ley. Tn addition to storage of water diverted from
Lake Tahoe, the natural runoff to Washoe Reservoir
would be augmented by intercepting the flow of
Thomas, Whites, and Galena Creeks, which originate
on the water-productive easterly slopes of Monnt
Rose, southwest of Reno.

Operation studies for Lake Tahoe conducted
through the 53-year period from 1894-95 through
1946-47 indicate that under the foregoing plan the
lake would not be drawn down below an elevation of
6,223 feet more than once during the period, and that
sueh drawdown would have occurred after September
1st near the end of the summer recreation season. The
absolute minimum level reached during the period
would have been at an clevation of 6,.222.1 feet, and
the lake would have filled to above an elevation of
6,223 feet by the following May 1st.

Under the tentative plan of operation, Lake Tahoe
would yield an estimated 62,000 acre-feet of water
seasonally, with no deficiency during the 53-year pe-
riod. It was estimated that about 2,000 acre-feet of
this seasonal yield would ultimately be consumed
around tlie lake largely for reereational and domes-
tic purposes, and that an additional 5,000 aeve-feet
would be released down the Truckee River for the
support of fish life. Under the plan, the remaining
55,000 acre-feet of dependable seasonal supply, to-
oether with a portion of the surplus water available

during years of heavy runoff, would be diverted from
Lake Tahoe to the Franktown Power House by means
of the Washoe Diversion Tunnel. The water would be
discharged from the plant for regulation and econ-
servation in Washoe Reservoir, and released there-
from for benefieial uses in lower areas in Nevada.

Tentative plans of development of the Truckee
River below Lake Talioe include construction of the
proposed Stampede Dam and Reservoir, at Stampede
Valley about 10 miles north of Truckee on the Little
Truckee River. The natural runoff to Stampede Res-
ervoir would be augmented by intercepting the flow
of Cold, Donner, Trout, Alder, and Prosser Creeks. |
It 1s anticipated that seepage from the unlined por-
tions of the canal intercepting these streams, plus
spill from these diversions, would serve in a large
measure to replenish the water-bearing sediments
underlying irrigable lands in the Prosser Creek-Little
Truckee River area north of Truckee. Water con-
served n Stampede Reservoir would be released
through a pressure tunnel about 5.7 wiles in length
to the penstock of the proposed New Verdi Power
[Touse, located on the Truckee River two miles up-
stream from Verdi, Nevada, and would be available
for beneficial uses in lower areas in Nevada.

PLANS FOR INITIAL LOCAL DEVELOPMENT

Possible plans for initial loeal development of sup- |
plemental water supplies for Placer County, together |
with cost estimates, are described in this section.
Design of features of the plans was necessarily of a
preliminary nature and primarily for cost estimat-
ing  purposes. More detailed investigation, which |
would be required in order to prepare plans and |
speeifications, might vesult iu designs differing in
detail from those presented in this report. Ilowever,
it is Dbelieved that sueh changes would not result in
significant modifications in estimated costs.

In connection with the eunsuing diseussion of sur-
face water development works the following terms
are used as indieated:

Nafe Yield—The maximum sustained rate of draft
from a reservoir that could have been maintained
through a eritically defictent water supply period
to meet a given demand for water. For purposes
of this bulletin, safe yield was determined on the:
basis of the c¢ritical period that occurred in the
Sacramento Valley from 1920-21 through 1934-35.

New Safe Yield—That portion of the safe yield result-
ing from a proposed new water supply develop-
wment and method of operation thereof, over and
above the safe vield of existing works.

Irrigation Yield—The maximum sustained rate of
draft from a reservoir that could have been main-
tained through a eritically deficient water supply
period to meet a given irrigation demand for water,
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with certain speeified deficieneies. For purposes of
this bulletin, irrigation yield was determined on
the basis of the eritical period that oceurred in the
Saeramento Valley from 1920-21 through 1934-35.

New Water—The seasonal yield of water resulting
from a proposed new water supply development
and method of operation thereof, that would have
been wasted without the proposed works, ineluding
all eonserved water, whether available on a safe
yield, mrrigation yield, or other basis.

Dependable Power Capacity—The minimum kilowatt
capacity of the hydroelectric generating equipment
when meeting an assumed load requirement. In
this bulletin the load requirement for typical plants
was assumed to have the eharacteristie of 5,550
kilowatt-liours per kilowatt of annual peak demand,
approximately representative of the present north-
ern California power market. In the case of plants
located on a reservoir affording large afterbay capae-
ity the load requirement was assumed to have the
eharaeteristic of 4,235 kilowatt-hours per kilowatt
of amnual peak demand, which approximately rep-
resents the energy production of a hydroelectrie
plant when operated to serve a portion of the peak
demand of the present northern California power
market under eonditions of minimum hydrocleetrice
produetion,

Installed Power Capacity—The kilowatt name plate
rating of the hydroelectric generating equipment.
In this bulletin, whieh deals only with high or con-
stant head plants, the tustalled power capacity was
determined as the optimum capacity which would
develop the available water supply, and was taken
as the capaeity necessary to utilize twiee the safe
vield, equivalent to a minimum plant factor of 0.5.

Firm Encrgy Output—The energy in kilowatt-hours
that would have an assured availability to the cus-
tomer to meet his load requirements. For purposes
of this bulletin, it was determined as the energy
produced by discharge of the safe yield through the
hydroelectrie generating equipment.

Average Energy Output—The energy in kilowatt-
hours generated by the hydroelectric generating
equipment, with the available water supply, that
would be usable under the assumed system load. 1Yor
purposes of this bulletin, all of the energy output
was assunied to be usable.

Capital costs of dams, reservoirs, diversion works,
conduits, pumping plauts, power plants, and appur-
tenances included in the considered works were esti-
mated from preliminary designs based largelv on data
from surveys made during the current investigation.
Approximate construction quantities were estimated
from these preliminary designs. Unit priees of eon-
struetion items were determined from reeent hid data
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on projects similar to those in question, or from manu-
facturers’ cost lists, and are considered representative
of prices prevailing in April, 1953. The estimates of
capital cost ineluded eosts of rights of way and eon-
struction, and interest during one-half of the esti-
mated coustruction period at both 3 and 4 per cent
per annum, plus 10 per cent for engineering and 15
per cent of construction costs for contingencies. KEsti-
mates of annual costs included interest on the capital
mvestment at both 3 and 4 per ¢ent, amortization over
a H0-year period on both a 3 and 4 per eent sinking
fund basis, and replaeement, operation, and main-
tenance eosts.

Estimates of revenue derived from proposed hydro-
electriec power plants were based on an annual value
of $22.00 per kilowatt of depeudable power eapaeity,
plus 2.8 nulls per kilowatt-hour of average energy
output. A value of 2.8 mills per kilowatt-hour also was
assigned in the eases where new energy was produced
by existing power plants.

Jecause of geographieal considerations and respee-
tive types of water service and water supplies in the
several units of Plaeer County, possible plans for ini-
tial water development are presented separately for
the Foothill, American River, and Bear River Units,
and for the Valley Unit. As mentioned i the previous
ehapter, the present and future water needs of the
Yuba River and Tahoe Units are small and may be
wet with local small-seale eonservation works. For
these reasons no plans for initial local development
are presented in this bulletin for these units.

Foothill, American River, and Bear River Units

In Chapter 111 it was shown that the probable ulti-
mate requirement for supplemental water in the Foot-
hill, American River, and Bear River Units totals
about 160,000 acre-feet per season. The principal
areas of irrigable land in these units are in the valleys
and foothills of the Foothill T'mit, on the watershed
divide between the Ameriean and Bear Rivers, and
on the Foresthill Divide between the North and Mid-
dle Forks ot the American River. In the following dis-
cussion four plans are presented to provide additional
regulatory storage capacity on the Upper Middle
Yuba River, on the South Fork of the Yuba River,
and on the DBear River, and for conveyanee of the
eonserved water and its discharge through the exist-
ing  Milton-Bowman-Spaulding-Drumt hydroelectrie
power system. The new water developed by these
works would be made available for conveyance in
existing Nevada Irrigation District and Pacific Gas
and Eleetric Company conduits for use in the Foot-
hill, Aaneriean River, and Bear River Units, and, if
not consmmed above Wise Power Ilouse, would be
available for use in the Valley 1'nit after discharge
from this plant. These plans are hereinafter referred
to as the ““Jackson Meadows Project,”” ““Lake Valley
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Project,”” ““Cisco Project” and *‘Rollins Project.”
The Lake Valley and Cisco Projects are alternative
developments.

In addition, two alternative plans are presented iu-
volving conservation of water in the American River
Basin. The first of these plans involves construction of
dams and reservoirs on the Middle Fork of the Ameri-
can River, Pagge ('reek, and North Shirttail Canyon.
The water conserved under this plan would be dis-
charged through two hydroelectric power plants, and
conveyed to the Foresthill Divide in the Americau
River Unit to meect the ultimate requirements of that
area. The project would also provide a large amount
of new water in the North Fork of the American
River at Pickering Bar. This plan is hereinafter re-
ferred to as the ““*French Meadows Project.”” The sec-
ond of the alternative plans would involve the con-
struetion of dams and veservoirs on Forbes Creek, a
tributary of Forbes (‘reek, and North Shirttail (tan-
yvon, and conveyance of the counserved water to the
Foresthill Divide to meet the ultimate requirements of
that area. This plan is hereinafter referred to as the
““Foresthill Divide Project.’’

Jackson Meadows Project. This project includes
the diversion of water from Haypress Creck into
the proposed Jackson Meadows Reservoir on the Mid-
dle Fork of the Yuba River, and conveyance to and
discharge of the conserved waters through the exist-
ing  Milton-Bowman-Spaulding-Drum  hydroelectric
power systenr. The project would provide a new safe
vield of about 17,000 acre-feet per season, which could
be made available in the existing Nevada Irrigation
Distriet and Pacifie Gas and Eleetrie Clompany con-
duits for use in the Valley, Foothill, American River,
and Bear River [nits. The project wonld also pro-
vide about 54,000,000 kilowatt-hours of mnew firm
energy output seasonally if all of the new safe yield
were discharged through all power plants of the
existine Drum System. Smaller amounts of enecrgy
would be produced, dependent upon allocation of the
new water to particular water service areas above
Wise Power Ilouse. Principal features of the project
are delineated on Plate 15, entitled ‘“Jackson Mcadows
Project.”’

The proposed Jackson Meadows Dam would be

located on the Middle Fork of the Yuba River about

two miles upstream from the existing Milton Diver-
sion, in Section 18, Township 19 North, Range 13
East, M. D. B. & M. The stream bed elevation at this
point is 5,865 feet. Flows of Haypress Creek would
be diverted at a stream bed elevation of 6,253 feet,
in Seetion 32, Township 20 North, Range 13 East,
M. D. B. & M., and conveyed by a tunnel to Jackson
Meadows Reservoir. The waters of both Ilaypress
C'reek and the Middle Fork of the Yuba River would
be veleased from Jackson Meadows Reservoir, and
rediverted at the existing Milton Diversion into the

Milton-Bowman Tumnel of the Nevada Irrication
Distriet, from where they would flow into Bowman
Lake. The waters would be discharged from Bowman
Lake through the existing Bowman-Spaulding Con-
duit to Lake Spaulding. From Lake Spaulding the
waters would be available for use in the Drum Sys-
tem of the Pacific Gas and Blectrie Company, and to
meet muuicipal, domestie, and agrieultural water re-
quirements as they oceur,

In subsequent descriptions of the Jackson Meadows,
Lake Valley, and (iseo Projects, uo specific alloca-
tions of new water are made to particular serviee
areas. The amounts of water that may be made avail-
able to the Valley, Foothill, American River, and
Bear River Units will depend upon the growth of
water requirenients and upon yvield of the construeted
works. 1t is considered probable, however, that in the
case of water developed on the Upper Yuba River for
use in Placer County the following general pattern
of distribution would prevail: Such water as would
be re-regulated i Lake Spaulding would be dis-
charged either through Spaulding Power 1Touse No. 1
to the Drum Canal, or through Spaulding Power
House No. 2 to the Boardman (anal by way of the
South Yuba Canal. owever, in order to develop the
maximum amount of hydroelectric energy, water
would be discharged to the Boardman (‘anal, the sole
source of supply to lands on the Colfax Divide above
the Bear River (fanal and Halsey Forebay, only as
the water requirements develop. The remaining water,
after discharge into the Drum Canal, would be con-
veved through the Drum and Duteh Flat Power
Houses, and then diverted into the Bear River Canal,
from which diversions would be made to serve scat-
tered lands in the Bear River Unit as the water re-
gquirements develop. Remaining water in the Bear
River Canal would be discharged throngh the Halsey
Power House. From the Ilalsey Afterbay, from which
location all lower lands in the Foothill and Valley
Units can be served, a portion of the water would be
diverted to the north and along the Bear River. The
remaining water wonld be conveyed in the Wise Canal
and through the Wise Power House, or diverted en-
route to serve adjacent lands. Releases from the Wise
Power House would be diverted downstream for use
in service areas of the Nevada Irrigation District and
Pacific Gas and Eleetric Company.

In Chapter 11T it was estimated that the ultimate
seasonal requirement for supplemental water in the
American River Unit will be about 36,000 aecre-feet.
The portion of, this requirement for irrigable lands
ou the divide between the Bear and North Fork of
the American Rivers, which eould be served by the
Jackson Meadows Project, probably will be about
11,300 acre-feet per scason. Water could be served
to these lands, and to all other irricable lands in the
Bear River, Foothill, and Valley Units, which have
a probable ultimate seasonal supplemental water re-
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quirentent totaling abont 314,000 acre-feet, from the
existing systems of the Nevada Irrigation Distriet
and Pacific Gas and Electrie Company.

As a first step in determination of the size of the
project, estimates were made of yield of the pro-
posed works for various reservoir storage eapaeities.
It was estimated that mean seasonal runoft from the
approximately 38.4 square miles of watershed above
the Jackson Meadows dam site is about 79,000 aere-
feet. Estimated mean seasonal runoff of TTaypress
Creck, from the approximately 15.9 sanare wmiles of
watershed above the proposed point of diversion, is
abont 25,700 acre-feet.

Based upon records and estimates of runoff during
the eritical dry period which occurred in the Saera-
mento Valley from 1920-21 through 1934-35, monthly
vield studies were made of five sizes of reservoir at
the Jackson Meadows site. Demands on the reservoir
were assumed to be constant, but with no diversions
in Angust in order to permit maintenanee, A sum-
mary of results of the vield stndies is presented in
Table 49,

TABLE 49

ESTIMATED SAFE SEASONAL YIELD OF
JACKSON MEADOWS RESERVOIR
WITH HAYPRESS DIVERSION, BASED
ON CRITICAL DRY PERIOD FROM
1920-21 THROUGH 1934-35

(In acre-feet)

Reservoir Safe
storage capacity yield

33.20N
39,100
45,100
47,100
19,900

After consideration of results of the vield studies,
together with topography of the dam site and eost
analyses hereinafter discussed, a reservoir of 45,000
acre-foot storace capacity, with estimated safe sea-
sonal vield of 45,100 acre-feet, was chosen for pur-
poses of cost estimates to be presented in this bulletin,
A summary of the vield study for this size of reser-
voir is inchided in Appendix M.

Sinee Bowman Lake at present receives rnnoft from
the Middle Fork of the Ynba River by means of the
Milton Diversion, it was next mecessary to operate the
proposed Jackson Meadows Reservoir jointly with
Bowman Lake in order to determine the new safe
vield resnlting from the Jackson Meadows Projeet.
This method of operation indicated a new safe viekd
of abont 17,000 acre-feet per season. It is estimated
that the present capacity of 250 second-feet of the
existing Bowman-Spaulding Conduit would be suffi-
cient to carry the additional conserved water,

Topographic data required for the calenlation of
storage capacities and surface areas flooded at varions
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water surface elevations of Jackson Meadows Reser-
voir were taken from an existing United States Bu-
reau of Reclamation reservoir survey map, with scale
of 1 inch equals 200 feet and with eontour interval of
10 feet. Storage capacities of Jackson Meadows Reser-
voir at various stages of water surface elevation are
eiven in Table 50.

TABLE 50
AREAS AND CAPACITIES OF JACKSON MEADOWS
RESERVOIR
D Water surface e as .
epth of water s Water surface Storage
at dam, e[ve\qacfo:, area, capacity,
in feet s in acres in acre-feet
datum, in feet
(B e 5865 0 0
5.900 15 400
5,920 80 1,250
5,940 240 4,500
5,960 450 11,500
5,980 605 22,000
6,000 825 36,500

6,010 890 | 45,000

Based upon preliminary geological reconnaissanee,
the Jaekson Meadows dam site is considered suitable
for an earthfill dam of any height up to about 200
feet. Bedroek in the vicinity consists chiefly of a meta-
sedimentary formation which is generally hard and
massive. This material is part of the Milton formation
of Jurassie age. Beddine attitndes can still be deter-
mined despite the metamorphism, and the series ap-
parently strikes shghtly east of north. Jointing is
prominent and in sets, but joint seams are tight and
relatively unweathered. Rhyolitie lava flows outerop
m  this vieinity and morainal deposits also oceur
nearby. In some eases the lavas overlie ancient stream
eravels locally. Stripping from the abutments and
from the channel section for the nupervious section of
an earth dam should not exeeed three feet of jointed
bedroek heneath a few feet of overburden.

Some imperviouns fill material is available from the
meadows of the reservoir area, bnt considerable fur-
ther exploration would be necessary to determine the
extent and the suitability of sneh deposits. Borings
would have to be made, and eompaction and permea-
hility tests rnn on samples of material thus obtained
as a major part of this exploration program. Coarse
eravels containing some fines are available in large
gquantities, also from within the reservoir area. These
could be used as pervions fill, or, from selected small
areas, as eolerete ageregate. Snitable rock which
eould he guarried for use either in a blanket section
or as riprap is also available loeally in virtually un-
limited gnantities.

As a result of vield studies, geologic reconnaissance,
and preliminary eost estimates, an earthfill damn
145 feet in height from stream bed to spillway hp,
and with a crest elevation of 6.024 feet, was selected
to ilhistrate estimates of cost of the Jackson Meadows
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Project. The dam would have a erest length ot abont
1,530 feet, a crest width of 30 feet, and 2.5:1 up-
stream and downstream slopes. The upstream face of
the dam would be covered with coarse rock, and rip-
rap would not be required. The dam would be c¢on-
structed with a rolled earth impervious core having a
10-foot erest width and 0.7:1 side slopes. The total
volume of fill would be an estimated 1,458,000 cubic
yards.

The chute-type spillway would be located in the
right abutment around the end of the structure. 1t
would have a capacity of 19,000 second-feet, required
for an assumed maximum discharge of 495 second-feet
per square mile of drainage area, and would discharge
into the Middle Fork of the Yuba River below the
dam. The maximum depth of water above the spillway
lip would be 10 feet, and an additional 4 feet of free-
board would be provided.

Outlet works would consist of a 60-inch diameter
welded steel pipe, placed in a trench exeavated in
rock beneath the dam, and encased in concerete. Re-
leases from the reservoir would be controlled at the
upstream end of the outlet by two 48-inch diameter
hydraulically controlled butterfly valves, located in a
submerged iunlet structuwre. Hydraulic control lines
would extend up the face of the dam from the inlet
structure to a control house located on the erest of the
dam. The outlet would be eontrolled at the down-
stream end by a 60-inch diameter hollow jet valve,
discharging directly into the natural channel of the
river.

Several comnty roads and a United States Iforvest
Service c¢abin would be inundated by the Jackson
Meadows Reservoir. The quantity of wmerchantable
timber within the reservoir area is estimated by the
I'nited States Forest Service to be approximately
25,000,000 board feet.

The proposed Haypress diversion structure would
be located in Seetion 32, Township 20 North, Range
13 East, M. D. B. & M., at a site on Haypress Creek
about 5.5 miles upstream from Sierra City. The site
was examined and eross sections taken during the
course of the investigation. The proposed weir would
consist of a eonerete gravity overpour seetion, with a
erest 160 feet in length and 12 feet in height above
stream bed. An opening at the left end of the weir
would provide entrance to a side channel leading
downstream about 75 feet to the headworks of the
conduit. The side ehannel would have a eoncrete grav-
ity parapet wall of the overpour type, and two 4- by
d-foot sluice gates would be provided for sand elear-
ance. The headworks would consist of a conerete head-
wall across the end of the side channel, in which there
would be two 5- by 5-foot slide headgates. The diver-
sion conduit would consist of a tunnel, 3.0 miles in
length, with a eapacity of 350 seeond-feet. About 20
per cent of the length of the tununel would be lined
and would have a diameter of 7.0 feet. The unlined
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portion of the timnel would have a diameter of 8.3
feet. The tunnel would diseharge direetly into Jackson
Meadows Reservoir.

Pertinent data with respect to the general features
of the Jackson Meadows Project, as designed for eost
estimating purposes, are presented in Table 51,

TABLE 51
GENERAL FEATURES OF JACKSON MEADOWS PROJECT

Jackson Meadows Dam
Type—earthfill
Crest elevation—06,024 feet
Crest length—1,530 feet
Crest width-—30 feet
Heiglit, spillway lip above stream bed—1453 feet
Side slopes—2.5:1 upstream and downstream
Freeboard, above spillway Lip—14 feet
Elevation of stream bed—5,865 feet
Volume of fill—1,458,000 cubic yards

Jackson Meadows Reservoir
Surface area at spillway lip—890 acres
Rtorage capacity at spillway lip—45,000 acre-feet
Drainage area, Middle Fork of Yuba River—38.4 squarc miles
Estimated mean seasonal runoff, Middle Fork of Yuba River— 79,000
acre-feet
Drainage area, Haypress Creek—15.9 square miles
Iistimated mean seasonal runoff, Haypress Creek 28,700 acre-feet
Istimated safe seasonal yield—45,100 acre-feet
Estimated new safe seasonal yield—17,000 acre-feet
Type of spillway—chute-tyvpe cut in right abutment
Spillway discharge capacity—19,000 second-feet
Type of outlet—060-inch diameter steel pipe beneath dam

Diversion Works
Hypress Creek-—conerete gravity weir with ogee overpour section, 160
feet in length, and 12 feet in height above stream bed
clevation of 6,253 feet

Conduit
Type—tunnel
Length—3.0 miles
Portion lined—20 per cent
Diameter lined portion 7.0 feet
Diameter unlined portion 8.3 feet
Capacity —350 second-feet
lnlet elevation— 1,257 feet
1lischarge elevation—6,010 feet

The capital cost of the Jackson Meadows Projeet,
on a 3 per cent wterest basis and based on priees pre-
alling in April, 1953, was estimated to be about
$5,644,000, and corresponding amual costs of the
projeet were estimated to be about $250,000.

The resnltant estimated average unit cost of the
17,000 acre-feet per season of new safe yvield, exclud-
mg consideration of possible revenues from sale of
power, was about $14.70 per acre-foot. On a 4 per cent
interest basis the unit cost of the new safe yield per
season was about $17.10 per aere-foot. If a value of
2.8 mills per kilowatt-hour is assigned to the estimated
54,000,000 kilowatt-hours of new firm energy output
per season that would be produeed from diseharge of
the new safe yield through the existing power plants
of the Drum System, the revenue would amount to
$151,000, thus redueing the unit eosts of the new safe
vield to about $3.80 and $8.20 at interest rates of
3 and 4 per cent, respectively.

Estimated capital and annual eosts of the Jackson
Meadows Project on a 3 per cent interest basis are
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summarized in the following tabulation. Detailed cost
estimates are presented in Appendix N.
Estimated Costs
Capital Annual

Jackson Meadows Dam and Reservoir $2,792.000 $127,000
Haypress Diversion and Conduit.  _ 2,852,000 123,000

£3,644,000  $230,000

Totals = __ _ ___

Lake Valley Project. This project includes con-
struction of a dam and reservoir on the North Fork
of the North Fork of the American River about 3
miles west of (isco, and the diversion of waters from
the South Fork of the Yuba River, and from Fordyce
Lake and Rattlesnake Creek, to the proposed enlarged
Lake Valley Rescrvoir. The conserved waters would
be released from Lake Valley Reservoir through the
proposed Lake Vallev Power House located on the
flow line of Lake Spaulding to the Dimm hydroelee-
tric power syvstem of the Pacifie Gas and Eleetrie
Company. The project would provide about 48,000
acre-feet of new safe seasonal yield, which conld be
made available in the existine Nevada Irrigation Dis-
trict and Pacific Gas and Electrie Company eonduits
for use in the Valley, Foothill, American River, and
Bear River Units. The project would provide about
69,000,000 kilowatt-hours of average energy output.
seasonally and 16,300 kilowatts of dependable power
capacity from discharge of the new water through the
proposed Lake Vallev Power Ilouse. The project
would also provide about 80,000,000 kilowatt-hours of
new firm energy outpnt seasonally if all of the new
safe vield were discharged throngh all power plants
of the existing Drum System. Principal features of
the project are delineated on Plategs 16 and 17, en-
titled **Lake Vallex Project.”” and ‘‘Lake Valley
Project, Plan and Profile.”’

The proposed Lake Valley Dam would be located
some 2,000 feet upstream from the existing earthfill
dam on the North Fork of the North Fork of the
American River in Nection 35, Township 17 North,
Range 12 East, M. D. B. & M. The stream bed cleva-
tion at this point is abont 5,720 feet. The cxisting
earth dam, owned by the Paeific Gas and Electric
Company, was constrneted 11 1911 and eonserves
water which npon release i1s conveyed westerly and
discharged into the Drnni Canal in the vieinity of
Emigrant Gap. The existing dam is 74 feet in height,
has a crest length of 940 feet, and creates a reservoir
with a storage capacity of about 8100 acre-feet.

Under the proposed project, water conserved In
the existing Fordyee bLake, instead of being dis-
charged in hake Spaulding as at present, would be
conveyed in a sontherly direction to Rattlesnake
Creek. From Rattlesnake Creek the combined flows
wonld be conveved to a junction with another c¢on-
duit conveying water from a diversion on the South
Fork of the Yuba River. From the junction the com-
bined diverted flows of Fordyvee hake. Rattlesnake
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(C'reek, and the South Fork of the Yuba River would
be further conveyed to hake Valley Reservoir. From
Liake Valley Reservoir the conserved water would be
conveyed to a power house located on the flow line of
Lake Spaulding at an elevation of 5,025 feet, develop-
ing an average static head of about 815 feet. From
Liake Spanlding the water would be discharged
through existing Spaulding ’ower Ilouse No. 1 and
mto the existing Drum Canal, where it would be
available for use i the Druin System and to meet
municipal, domestic, and agricultural water require-
ments as they occur.

In Chapter T1I it was estunated that the ultimate
seasonal requirement for supplemental water in the
Awmerican River Unit will be about 36,000 acre-feet.
The portion of this requirement for irrigable lands on
the divide between the Bear and North Fork of the
American Rivers, which eould be served by the Lake
Valley Project, probably will be abont 11,300 aere-
feet per season. Water could be served to these lands
and to all other irrigable lands 1 the Bear River,
Foothill, and Valley Umnits, which have a probable
ultimate seasonal supplemental water requirement
totaling about 314,000 acre-feet, from the existing
syvstems of the Nevada lrrigation Distriet and the
Pacific Gas and Eleetrie Cowmpany.

As a first step in determination of the size of the
projeet, estimates were made of the yvield of proposed
works for various storage eapacities, [t was estimated
that mean seasonal runoff from the approximately +.4
square miles of watershed above the Lake Valley dam
site 1s about 10,000 acre-feet. Estimated mean sea-
sonal rimoff of Rattlesnake Creek from the approxi-
mately 6.6 sqnare miles of watershed above the point
of diversion is about 17,400 acre-feet. lt was also
assumed that a uniform flow of 4,500 acre-feet per
month would be available from Fordyce Lake. The
estimated niean seasonal runoff of the South Fork
of the Yuba River above the diversion point is 82,000
acre-feet, of which an estimated 46,000 aere-feet
wonld be diverted to Lake Valley Reservoir.

Based on records and estimates of rmmoff during
the critical dry period which occurred in the Sacra-
mento Valley from 1920-21 throngh 1934-35, monthly
vield studies were made of three reservoir sizes at the
Lake Valley site, Monthly demands on the reservoir
were assumed to be proportional to the estimated
distribution of hydroeleetric power demands, as pre-
sented in Table 39. Tt was assumed that these demands
wonld be met with no deficiencies. A simnnary of the
results of the yvield studies i1s presented in Table 52.

After consideration of results of the vield determi-
nations, together with topography of the dam site
and cost analyses hereinafter diseussed, a reservoir of
11.000 acre-foot storage capacity, with estimated safe
seasonal yield of 104,000 aere-feet, was chosen for
purposes of cost estimates to be presented in this bul-
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TABLE 52

ESTIMATED SAFE SEASONAL YIELD OF
LAKE VALLEY RESERVOIR, WITH FOR-
DYCE LAKE, RATTLESNAKE CREEK, AND
SOUTH FORK YUBA RIVER DIVERSIONS,
BASED ON CRITICAL DRY PERIOD
FROM 1920-21 THROUGH 1934-35

(In acre-feet)

i
Reservoir Safe
storage capacity vield
28,000 ‘ 94,000
41,000 104,000
75,000 \ 114,000

letin. .\ smmmary of the yield study for this size of
reservoir is contained in Appendix M,

Sinee the foregoing estimated safe yield of the Lake
Valley Project ineludes a portion of the present vield
of Lake Spaulding and the yield of Fordyee liake, it
was neecessary to make additional operation studies to
determine the net effect of routing water conserved in
Fordyce Liake to Lake Valley Reservoir instead of to
Lake Spaulding, as at present. The present safe sea-
sonal yield of Lake Spaunlding was estimated to be
226,000 acre-feet, based on records of flow at the
head of the Drum and South Yuba (fanals during the
eritical season of 1931-32. Based on additional yvield
studies, the combined safe seasonal yield of Lake
Spaulding and the Lake Valley Project was estimated
to be 274,000 acre-feet. Thus, the new safe vield of the
Lake Vallexy Project would be about 48,000 acre-feet
per season.

Topographic¢ data for determination of storage ca-
pacities of Lake Valley Reservoir at difterent water
surface elevations, together with areas flooded, were
taken from a Division of Water Resourees map pre-
pared in 1952 by photogranmmetrie means, at a scale
of 1 inch equals 500 feet, and with a contour interval
of 20 feet. Data for the preliminary design of the pro-
posed dam were taken from the same map. Storage
capacities of Lake Valley Reservoir and areas flooded
at various stages of water surface elevation are given
in Table 53.

TABLE 53

AREAS AND CAPACITIES OF LAKE VALLEY RESERVOIR

Water surface
elevation,
U.S.G.S.

Water surface Storage
area, capacity,

Depth of water
at dawm,

in feet datim i foet in acres in acre-feet

0. . - I 5,720 0 0
30 5,750 10 1,000
100 5,820 180 20,000
120 5,810 560 28,000
140 5,860 630 39,000
143 5,863 640 41,000
160 5,880 690 19,000
180 5,900 750 62,000
200 5,920 800 76,000

Based upon preliminary geological reconnaissance,
the Lake Valley dam site 1s considered suitable for an
earthfill or rvockfill dam up to about 350 feet in
height. The maximum height 1s topographically lim-
ited by the crest of the ridge forming the right abut-
ment. As mdicated previously, the axis of the pro-
posed dam is about 2,000 feet upstream from the
present earthfill structure and, therefore, the ¢annel
section and lower abutments were not aceessible dur-
ing the field investigation since they lie beneaih the
water surface of the existing reservoir, The upper left
abutment consists essentially of barren, hard, glacial-
polished granitic rock. Soil occurs on the left abut-
ment only m small pockets, The right abutment, how-
ever, consists entirely of moramal material dervived
from a granitie source and varying in particle size
from elay graius to boulders 10 feet in diameter.
(irouting of such material is not possible, although the
material is generally extremely permeable. Large
leakage losses may be expected at this site unless a
cutoft to bedrock beneath the dam ecan be effected.
Except for such a cutoft, stripping of only about 3
feet would be necessary beneath the fonndation of an
earthfill or rockfill dam at the right abutment «t this
site, this being necessary to climinate the vegetative
root zone. The depth of cutoft excavation which would
be necessary cannot be estimated without exploratory
data on the depth of morainal material overlyving the
right abutment. Only one foot of stripping would be
neeessary on the left abutment, and no more than 10
feet should be neecessary in the channel section. It
would probably be advantageous to utilize a spillway
around the end of the dam across the left abutment,
thereby avoiding the weak morainal depesits on the
right abutment.

The great mass of glacial detritus that covers much
of this area is unsuitable for construction use except
possibly in a stability section. However, an adequate
supply of 1mpervious fill material 1 available in
nearby areas, with an average haul distance of about
one mile to the site.

As a result of yvield studies, geologic reconnaissance,
and preliniinary cost estimates, an earthfill dam
143 feet in height from stream bed to spillway hp, and
with a erest elevation of 5,870 feet, was selected to
illustrate estimates of cost of the Lake Valley Dam
and Reservoir. The dam would have a crest length of
about 2470 feet and a erest width of 30 feet, with
2.5:1 slopes both upstream and downstream. The cen-
tral impervious eore would have a top width of 20
feet and slopes of 0.8:1 both upstream and down-
stream. The total volume of fill wonld be about 2.473.-
000 eubic yards.

The spillway would be a conerete weir of the side
channel type, abont 190 feet in width, across the left
abntment. It would have a discharge eapacity of 3,500
second-feet, required for an assumed maximum dis-
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charge of 430 secoud-feet per square mile of drainage
area. The maximum depth of water above the spillway
lp would be 3 feet, and an additional 4 feet of free-
board would be provided. The spilhway would s-
charge into the North Fork of the North Fork of the
Ameriean River below the dam.

The outlet works would inclnde a submerged inlet
struetnre, trash racks, and 96-inch diawmeter steel pipe
leading to a valve chamber, loeated beneath the crest
of the dam and equipped with a 4- by 5-foot high-
pressure slide gate. The steel pipe would be placed in
a treneh excavated in the right abutement beneath
the dam, and would be enecased in conerete. From the
valve chamber a 60-inch diameter welded steel pipe,
placed in a 10-foot diameter horseshoe tunnel about
420 feet in length, would discharge directly into the
pipe line leading to the penstock of the proposed Lake
Valley Power IHouse. A 60-inch diameter butterfly
valve would be installed in the discharge pipe outside
the tunnel portal. A 24-inch diameter hollow jet valve
wonld be installed in the steel outlet pipe just up-
stream from the butterfly valve, and would permit
diseharge directly into the stream channel below the
dam.

About one-half of the new reservoir area that wonld
be ¢reated is already inundated, and the remainder of
the land is of relatively small value, with no improve-
wents. Much elearing of land would be required, how-
ever, as approximately 50 per cent of the proposed
reservoir is covered with medium to small trees with
no appreciable salvage value.

The proposed eonduit from Fordyce Lake to Rat-
tlesnake (Creek would consist of a metal Hlume 2.4
miles in length and a tunnel 1.1 nules in length, and
would have a capacity of 100 second-feet. The flume
would have an inlet elevation of 6,361 feet. The un-
lined tunnel would be 8.3 feet in diameter, with an
inlet elevation of 6,326 feet, and would diseharge into
Rattlesnake Creek at an elevation of 6,300 feet,

The diversion works on Rattlesnake Creek would
be located at a stream bed elevation of 5930 feet.
Location of the diversion site and design of the diver-
sion works were based on a map study aud were
checked i the field. The proposed diversion weir
would eonsist of a concrete gravity overpour section
and apron, 5 feet in height above stream bed and some
120 feet in length. An opening at the left end of the
weir, with a trash rack, would provide entrance to a
side ¢hannel leading downstream about 30 feet to the
headworks of the conduit to Lake Valley Reservoir.
The side channel would have a concrete parapet wall
of the overpour type, and a 2- by 2-foot sluice ecate
would be provided for sand clearance. The headworks
would eonsist of a concrete headwall across the end
of the side ¢hannel in which there would be a 3.5- by
3.5-foot slide gate. The conduit, with a capacity of
100 second-feet and an inlet elevation of 5,930 feet,
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would eonsist of 1.5 miles of metal flume and 0.4 mile
of inverted siphon to its junetion at au elevation of
5900 feet with the conduit conveying water from the
diversion on the South Fork of the Yuba River.

The diversion works on the South Fork of the
Yuba River would be loeated about 4 miles east of
Cisco at a streamn bed elevation of 5,945 feet. Loca-
tion of the diversion site and design of the diversion
works were based on a map study and were checked
in the field. The proposed diversion weir wonld cou-
sist of a conerete gravity overpour section and apron,
10 feet in height above stream bed and some 100 feet
in length. An opening at the left end of the weir,
with a trash rack, would provide eutrance to a side
ehannel leading downstream about 60 feet to the
headworks of the conduit to Lake Valley Reservoir.
The side ehaunel would have a concrete parapet wall
of the overpour type, and a 3- by 3-foot sluice gate
would be provided for sand elearance. The headworks
would consist of a concrete headwall across the end
of the side channel in which there wonld be a 5- by
5-foot slide gate. The conduit with an inlet elevation
of 5,950 feet, and consisting of 3.7 miles of metal
flme with a capacity of 200 second-feet, would extend
m a westerly direction along the left bank of the
Yuba River to its junction with the conduit from
Rattlesnake Creek at an elevation of 5,900 feet.

From the junction of the two conduits the water
would be conveved westerly in a metal flume for a
distanee of 1.8 miles, and then southerly through the
watershed divide between the South Fork of the
Yuba River and the North Fork of the MAwmerican
River in a tunnel about 1.0 mile in length. The tun-
nel would discharze at an elevation of 5,875 feet
into Lake Valley Reservoir. The metal flume wonld
have a eapacity of 300 second-feet. The unlined tun-
nel, with a _eapacity of 300 second-feet, would have
a diameter of 8.7 feet.

The conduit from the outlet of Lake Valley Res-
ervoir to the penstock of the proposed Lake Valley
Power Honse would counsist of a pipe line, 2.0 miles
in length and 5.5 feet in diameter, with a capacity
of 200 second-feet. The pipe line would diseharge at
an elevation of 5.700 feet directly into a steel penstock
leading to the power house. The penstock would have
a 5.0- to 4.5-foot variable diameter, and would be
about 3,600 feet in length. The proposed pipe line
and penstock would develop an average static head
of about 815 feet at the Lake Valley Power House.
The power house would be located on the flow line
of Lake Spaulding at an elevation of 5,025 feet and
wonld have an installed power capacity of 17,500
kilowatts.

Pertinent data with respect to general features of
the Lake Vallex Project, as designed for cost esti-
mating purposes, are presented in Table 54.

The capital costs of the Lake Valley Project, on
both a 3 and 4 per eent interest hasis and based on
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TABLE 54
GENERAL FEATURES OF LAKE VALLEY PROJECT

Lake Valley Dam
Type of dam earthfill
Crest elevation—35,870 feet
Crest length—2 470 feet
Crest width—30 feet
Height, spillway lip above stream bed - 143 feet
Side slopes 1 upstream and downstream
Freeboard above spillway lip—7 feet
Elevation of streain bed-—35,720 feet
Volume of fill—2,473,000 cubic yards

Lake Valley Reservoir
Surface area at spillway lip—640 acres
Storage capacity at spillway lip——41,000 acre-feet
Drainage area
Lake Valley—41.4 square miles
Rattlesnake Creek above diversion—6.6 square miles
South Fork Yuba River above diversion—31.1 square miles

Lake Valley Reservoir—Continued

Estimated mean seasonal runoff
Lake Valley—10,000 acre-feet
Rattlesnake Creek above diversion—17,400 acre-feet
South Fork Yuba River above diversion—82,000 acre-feet

Estimated safe seasonal yield—104,000 acre-feet

Estimated new safe seasonal yield— 48,000 acre-feet

Type of spillway—side channel

Spillway discharge capacity—3,500 second-feet

Type of outlet—60-inch diameter steel pipe beneath dam

Diversion Works
Rattlesnake Creek—concrete gravity dam, 5 feet high and 120 feet long
South Fork Yuba River—concrete gravity dam, 10 feet high and 100 feet
long

Conduits E
e Le— = = m—— S — !
Fordyce Rattlesnake Creek South Fork Lake Valley :
Item Diversion Diversion Yuba Diversion Pipeline and Penstock
e - L T i = M || o F
Type.... Metal lume Tunnel Metal lume Inverted Metal lume | Metal flume Tunnel Pipeline Penstock
siphon
Length, 1n miles e 2.8 | L, 155 0.4 4.7 0.8 1.0 2.0 0.7
Diameter, in feet _ __ . sor . | 8.3 4.0 . | I 8.7 5.5 5.0 to 4.5
Capacity, in second-feet 100 100 100 100 200 | 300 300 200 200
Inlet elevation, in feet _ 6,361 6,326 5,930 I 5,910 5,950 5,900 5,890 5,750 5,700
Outlet elevation, in feet__ 6,326 6,300 5910 I 5.900 5,900 5,890 5,875 5,700 5,025
Lake Valley Power Honse
Average static head—815 feet
Installed power capacity—17,500 kilowatts
Dependable power capaeity— 16,300 kilowatts
prices prevailing in April, 1953, were estimated to summarized 1 the following tabnlation. Detailed

be about $10,110,000 and $10.172,000, respeetively.
Corresponding annual costs of the project were esti-
mated to be about $654,000 and $733,000. If an an-
nual value of $22.00 per kilowatt of dependable
power capaeity 18 assigned to the proposed Lake
Valley Power Iouse, and a value of 2.8 mills per
kilowatt-hour is assigned to the estimated 69,000,000
kilowatt-hours of average energy output that would
be developed, the anmual power revenue would amonnt
to $552,000, thus redncing the estimated average nnit
cost of the new safe yield to about %2.10 and $3.80
per acre-foot for interest rates of 3 and 4 per cent,
respectively. Additional revenues from discharge of
the new safe vield throngh the existing downstream
power houses would result in net annual revenues
for the project of about $182,000 and $103,000. re-
speetively, with interest rates of 3 and 4 per eent.
The resultant estimated average unit costs of the
48,000 acre-feet of new safe seasonal yield, exeluding
consideration of possible revennes from power and
costs of power faeilities, were about $9.80 and $11.10
per aere-foot, for interest rates of 3 and 4 per cent,
respectively.

Estimated capital and annual costs of the Lake
Valley Project on a 3 per eent interest basis are

cost estimates are presented in Appendix N,

Fstimated (osts

Capital Annual

Iinlarged Lake Valley Dam and
Reservoir __ . __ _____ _ $4187.000  $245,000
Fordyce Diversion Conduit .~ 1,200,000 58,000
Rattlesnake Creek Diversion Couduit 444,000 30,000
South TFork Yuba Diversion Conduit 1,616,000 102,000
Take Valley Pipe Line__ X H37,000 33,000
Lake Valley Power House 2,090,000 186,000
Totals . _ . ___$10,110,000  $654,000

Cisco Project. This project, whieh is presented
as an alternative to the Lake Valley Projeet, ineludes
the constrnetion of a dam and reservoir on the South
Fork of the Yuba River about 1.5 miles northwest of
Cisco, and the diversion of waters from the existing
Fordyee Lake and from Rattlesnake Creek to (lisco
Reservoir through the proposed (isco Power House
No. 1. The conserved waters wonld be released from
('isco Reservoir through the proposed Cisco Power
[touse No. 2, located on the flow line of Lake Spauld-
ing, to the Drum hydroeleetrie power system of the
Pacific Gas and Electric Company. The project would
provide about 71,000 acre-feet of new safe yield per
season, which could be made available in the existing
Nevada Irrigation Distriet and Pacific Gas and Elee-
trie Company condnits for use in the Valley, Foothill,
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Aumerican River, and Bear River Units. The project
would also provide about 130,000,000 kilowatt-howrs
of average cuergy output seasonally and 26.600 kilo-
watts of dependable power capacity from water dis-
eharged through the (isco Power Houses Nos. 1 and 2.
The project wonld also provide about 159,000,000
kilowatt-hours of new firm eneregyv output seasonally
if all of the new safe vield were discharged through
existing downstream installations. Principal features
of the project are delineated on Plate 18, entitled
“(iseo Project.”’

The proposed (iseo Dam would be loeated on the
Middle Fork of the Yuba River about 4 miles up-
stream from Spaulding Dani, in Sections 19 and 30,
Township 17 North, Range 13 East, M. D. B. & M.
The stream bed elevation at this point s 5.590 feet.
The rvegulated flow of about 75 second-feet from
Fordyee Lake and the flow of Rattlesnake Creek
would be diverted and conveved in a condmit to Chsco
Reservoir, discharging through the Cisco DPower
House No. 1, which would be located on the right
bank of Rattlesnake Creck where it enters the reser-
voir. From Cisco Reservoir the conserved water would
be conveyved to (‘isco Power llonse No. 2, located on
the flow line of Lake Spaulding at an elevation of
2,025 feet. From lLake Spaulding the water would be
discharged through existing Spaulding Power louse
No. 1 and mto the existing Drum Canal, where it
would be available for use in the Drum System and
to meet municipal, domestic, and agricultural water
requirements as tliey oecur.

In Chapter I11 it was estimated that the ultimate
seasontal requirement for supplemental water in the
American River Unit will be about 36,000 acre-feet.
The portion of this requirement for irrigable lands on
the divide between the Bear and North Work of the
Ameriean Rivers, whieh could be served by the Clisco
Project, probably will be abont 11,300 acre-feet per
season. Water conld be served to these lands and to
all other irrigable lands in the Bear River, Foothill,
and Valley Units. which have a probable ultimate
seasonal supplemental water requirement totaling
about 314,000 acre-feet, from the existing systems of
the Nevada Irrigation Distriet and Pacific (Gas and
Electrie Company.

As a first step in determiuation of the size of the
project, estimates were made of the yvield of the pro-
posed works for various veservoir storage capacities.
It was estimated that mean seasonal runoff from the
‘approximately 51 square miles of watershed above the
Cisco dam site is about 134,500 acrve-feet. Estimated
mean seasonal runoft of Rattlesnake Creek from the
‘approximately 6.6 square miles of watershed above
the point of diversion is about 17,400 acre-feet. It was
also assumed that a uniform flow of 4,500 acre-feet
per month would be available from Fordyce Lake.

Based on reeords and estunates of runoff during
the critical dry period wlhieh ocenrred in tle Sacra-

mento Valley from 1920-21 through 1934-35, monthly
vield studies were made of four sizes of rveservoir at
the ("isco site. Monthly demands on the reservoir were
assnmed to be proportional to the estimated distribu-
tion of hydroelectric power demands, as presented in
Table 39. It was assumed that these demands would
be met with no deficieneires. .\ snmmmnary of the results
of the yield studies is presented in Table 55.

TABLE 55

ESTIMATED SAFE SEASONAL YIELD OF
CISCO RESERVOIR, WITH FORDYCE
LAKE AND RATTLESNAKE CREEK DI-
VERSIONS, BASED ON CRITICAL DRY

PERIOD FROM 1920-21 THROUGH
1934-35
(In acre-feet)
Reservoir ‘ Safe
sforage capacity yield
42,000 105,000
62,000 123,000
82,000 134,000
100,000 146,000

After consideration of results of the vield deter-
utinations, together with the topography of the dam
site and cost analyses hereinafter discussed, a reser-
voir of 100,000 acre-foot storage capacity, with esti-
mated safe seasonal yield of 146,000 acre-feet, was
chosenn for the purpose of cost estimates to be pre-
senited in this budletin, .\ summary of the vield study
for this size of reservoir is contained in Appendix M.

Sinee the foregomg estimated safe vield of the
Ciseo Projeet eonsists of a portion of the present
vield of Lake Spaulding, inelnding the yvield of For-
dyee Lake, it was necessary to make operation studies
to determiné the present safe vield of Lake Spaulding
and the safe yield of Lake Spaulding with Cisco
Reservoir. The present safe seasonal yield of Lake
Spaulding was estimated to be about 226,000 aere-
feet, based on recorvds of flow at the head of the Drum
and South Yuba Canals during the eritical season of
1931-32. Based on additional yvield studies, the c¢om-
bined safe seasonal yield of Lake Spaulding and Cisco
Reservoll was estimated to be about 297,000 acre-feet.
Thus, the new safe vield of the (isco Project wonld
be about 71,000 acre-feet per season.

Topographic data for deternination of storage ca-
pacities of Clisco Reservoir at different elevations,
together with area flooded, were taken from an exist-
ing United States Bnrean of Reclamation survey map
of the reservoir site, at a scale of 1 inch equals 200
feet, and with eontonr interval of 20 feet. Data for
preliminary design of the proposed Cisco Dam were
taken from the same map. Storage capacities of Cisco
Reservoir and areas flooded at various stages of water
surface elevation are given in Table 56.
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TABLE 56

AREAS AND CAPACITIES OF CISCO RESERVOIR

Depth of water Water S‘.lrfﬂ(.c Water surface Storage

at dam, 'i],e:"‘gog' area, capacity,

in feet d S n acres in acre-feet
atum, in feet

0 TR 5,590 0 0
20 o 5,610 50 500
40 150 2,000
60 225 5.000
80 290 10,000
100 - 345 16,000
120 395 24,000
140 . " 465 33,000
160 555 43,000
180 650 55.000
200 740 68,500
230 835 84,000
238 920 100,000
250 940 112,000
260 1,015 121,000

Based npon a prelimmary geological reeonnais-
sance, the Cisco site is eonsidered to be sunitable for
a rockfill dam of any height np to about 300 feet.
Three saddles occur in the abutments at varying
heights above stream bed level, any of which could be
used for a spillway location. The height of dam would
be limited by the saddles. Bedroek eonsists primarily
of a meta-voleanic rock, which is often schistose al-
thongh relatively hard and massive. The rock was
probably originally a basalt. Metamorphic variations
locally include schist, phyllite, gnartzite, and an un-
differentiated roek having a slaty ecleavage. Fine-
grained granitic roek occurs in place high on the
right abutment. Some morainal detritus and a num-
ber of glacial erraties were also noted in the area.
Quartz veining and limonite staining 1s commou
thronghont the bedrock. .\ few tight shears, reeog-
nizable only by slickensides, are also found at this
site. All of the various rock types are strongly jointed,
with the joints being widely spaced but weathered to
a considerable depth. Stripping under the founda-
tion of a rockfill dam shonld not exceed an average of
two feet of overburden, consisting ehiefly of loose
moraimal detritus and talns blocks.

Either the granite or the metamorphic roek oceur-
ring locally could be quarried for use as roekfill. Ag-
oregates would either have to be crushed locally or
imported to the area by rail or trnck. There is not an
adequate supply of earth in the vicinity of the site
to provide for an impervions scetion in a dam of the
height desived.

As a resudt of vield stndies, geologic reconnaissance,
and preliminary cost estimates, a rockfill dam 238
feet in height from stream bed to spillway lip, and
with a erest elevation of 5,840 feet, was selected to
illnstrate estimates of eost of the Cisco Project. The
dam would have a crest length of about 1,450 feet, a
crest width of 20 feet, and 1.4: 1 upstream and 1.5:1
downstream slopes. To form the impervions npstream
face of the dam, a concrete slab with thickness vary-
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g from 1 to 3 feet would be poured upon a layer of
placed rock. The thickness of the placed rock layer
wonld vary from 10 feet to 20 feet. The total volume
of fill of the dam would be about 2,574,000 c¢ubie
yvards.

The spillway would be a conerete weir about 175

feet in length across a saddle on the right abutment.
It would have a capaeity of 16,000 second-feet, re-
quired for an assumed maximum discharge of 300
second-feet per square mile of drainage area. The
maximum depth of water above the spillway lip
would be 8 feet, and an additional 4 feet of frecboard
would be provided. The spillway wonld discharge into
the South KFork of the Ynba River below the dam.

The outlet works would include an outlet tower,
trash racks, and a cireular pressure tunnel 9 feet in
diameter throungh the left abutment of the dam,
leading to a valve chamber located about 150 feet
downstream from the axis of the dam, and equipped
with a 4- by 4-foot high-pressure slide gate. From the
valve chamber a 60-inch diameter welded steel pipe,
plaeed i a 10-foot diameter horseshoe tunnel about
825 feet i length, would discharge into an open ent
excavated in roek. This diseharge would be eontrolled
by a 48-inch diameter hollow jet valve. About 475
feet downstream from the valve chamber a turnout
with a 4- by 4-foot high-pressnre slide gate would per-
mit discharge of water into the tunnel leading to
(isco Power Honse No. 2.

The main line tracks of the Sonthern Pacific Rail-
road traverse the left abutment of the (Yiseo dam site
at a height about 290 feet above stream level, but
would not have to be relocated with a dam of the
height studied. The axis of the dam crosses U, S,
Highway 40, and the highway would have to be re-
located for several miles. The reservoir would inun-
date extensive commercial and resort developments.
Construction of the dam aud reservonr would also
make necessary the relocation of abont 3 miles of
underground toll cable, 3 miles of surface telephone
lines, and 7 miles of power transmission lines.

The proposed conduit from Fordyee Lake to Rattle-
snake Creek wonld consist of a metal flume 2.8 miles
i length and a tunnel 1.14 miles in length, and wonld
have a eapaeity of 100 second-feet. The flume would
have an inlet elevation of 6,361 feet. The unlined tun-
nel would be 8.3 feet in diameter, with an inlet eleva-
tion of 6,326 feet, and wonld discharge into Rattle-
snake (reek at an elevation of approximately 6,300
feet.

Woodchuck Flat Dam and Reservoir, the proposed
diversion struetnre on  Rattlesnake Creek, which
would also serve as a forebay for Cisco Power Ionse
No. 1, wounld be a low rockfill dam, located at strcam

bed elevation of 6,240 feet in Section 21, Township 17

North, Range 13 East, M. D. B. & M. The dam would

be 50 feet in herght from stream bed to spillway lip,

with a crest elevation of 6,300 feet, and would create
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a reservoir with a capaeity of 1,475 acre-feet. The dam
would have a e¢rest length of 830 feet, a crest width of
20 feet, and 1:1 unpstream and 1.5:1 downstream
slopes. To form the impervious upstream face of the
dam, a 12-mch eoncrete slab would be poured upon
a layer of placed rock. The thickness of the placed
rock layer would vary from 5 feet to 10 feet. The
total volume of fill of the dam would be about 47,000
cubi¢ yvards.

The spillway would be a eoncrete ogee weir about
120 feet in length, loeated on the right abutment. It
would have a capacity of 6,200 second-feet, required
for an assumed discharge of 950 second-feet per
square mile of drainage area. The maximun depth of
water above the spillway lip would be 6 feet, and an
additional 4 feet of freeboard would be provided. The
spillway would diseharge into Rattlesnake Creek
below the dam.

The outlet works would include a 48-inch diameter
steel pipe 180 feet in length, placed in a trench exca-
vated in the right abutment and eneased in conerete.

Discharges would be controlted at the upstream end
by a {48-inch diameter circular slide gate, set in the
intet structure and covered with a trash rack. The
outlet pipe would end in a stilling box and traunsition
to the Rattlesnake Creek Diversion Conduit. Diverted
water would discharge at an elevation of 6,253 feet
into a metal flume, 8.9 feet in diameter and 1.0 mile
in length, with a eapacity of 160 second-feet. The
flume would discharge nto the steel penstock of Cisco
Power House No. 1 through a transition strueture.
The penstock would have a 5- to 4.75-foot variable
diameter, and would be 1,400 feet in length. It wonkd
develop an average static head of 419 feet at the
power house. The power house would be located at the
flow hne of Ciseo Reservoir at an elevation of 5,828
feet, and would have an installed power capacity of
4,600 kilowatts.

The eonduit leading from Ciseo Reservoir to the
penstock of Ciseo Power House No. 2 would consist
of a pressure tunnel 3.6 miles in length, 7.0 feet in
diameter for the lined portion and 8.3 feet in diameter

TABLE 57

GENERAL FEATURES OF CISCO PROJECT

Cisco Dam
Type of dam—rockfill
Crest elevation—5,840 feet
Crest length—1,440 feet
Crest width—20 feet
Height, spillway lip above stream bed—238 feet
Side slopes—1.5:1 downstream

1.4:1 upstream

Freeboard above spillway lip—12 feet
Elevation of stream bed —5,590 feet
Volume of fill—2,574,000 cubic yards

Cisco Reservoir

Surface area at spillway lip—920 acres

Storage capacity at spillway lip—100,000 acre-feet

Drainage area of South Fork Yuba River—51 square miles

Estimated mean seasonal runoff of South Fork Yuba River—134,500 acre-
feet

Estimated mean seasonal diversion from Rattlesnake Creek—14,000 acre-
feet

Estimated mean seasonal diversion from Fordyece Lake—54,000 acre-feet

Cisco Reservoir-—Continued
Estimated safe seasonal yield, with Fordyce and Rattlesnake diversions—
145,800 acre-feet
Estimated new safe seasonal yield—53,000 acre-feet
Type of spillway—concrete weir
Spillway discharge capacity—16,000 second-feet
Type of outlet—9-foot diameter pressure tunnel

Diversion Works—Woodchuck Flat Dam
Type of dam—rockfill
Crest elevation—6,300 feet.
Crest length—=830 feet
Crest width—20 feet
Height, spillway lip above stream bed—50 feet
Side slopes—1:1 upstream

1.5:1 downstream

Freeboard above spillway lip—10 feet
Elevation of stream bed—6,240 feet
Volume of #ll-—46,700 cubic yards
Reservoir storage capacity-—1,475 acre-feet

Conduits
Ttem Fordyce Diversion Rattlesnake Creek Diversion Cisco Reservoir Tunnel and Penstock
Pressure tunnel
Type. - . : . _ Metal flume  Unlined tunnel | Metal flume Penstock Lined Unlined Penstock
Length, in miles__ ; 2.8 1.14 1.0 0.27 0.4 322 0.6
Diameter, in feet__ . _______ . . 6.4 8.3 8.9 5.0 to 4.75 70 8.3 6.3 to 5.5
Capacity, in second-feet - 100 100 160 160 300 300 300
Inlet elevation, in feet_ _ _ g L 6,361 6,326 6,253 6,248 5.610 5,610 5,531
Outlet elevation, in feet__._ .. N 6,326 6,300 6,248 5,829 5531 5,531 5,025
Power Houses
ltem Cisco Power House No. 1 | Cisco Power House No. 2

Average static head, in feet__ -
Installed power capacity, in kilowatts____
Dependable power capacity, in kilowatts

,,,,,, R 419 755
,,,,,, | 4,600 28,000
22,000

ol 1,600
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for the unhined portion. H would have a capacity of
300 second-feet and would discharge into a varying
diameter penstock 0.6 mile i length. This conduit
would develop an average static head of 755 feet at
Cisco Power House No. 2, and the installed power
capacity of the power house would be 28,000 kilowatts.

Pertinent data with respect to general features of
the Clisco Project, as designed for cost estimating pur-
poses, are presented in Table 57.

The capital costs of the Cisco Project, on both a
3 and 4 per cent interest basis and based on prices
prevailing m April, 1953, were estimated to be abont
$23,303,000 and $23 457,000, respectively. Correspond-
ing annual costs were estimated to be abont $1,212,000
and $1,409,000. The resultant estimated average unit
costs of the 71,000 acre-feet of new safe seasonal yield,
excluding consideration of possible revenues from
power and costs of power faeilities, were about $9.90
and $11.80 per acre-foot for wnterest rates of 3 and 4
per cent, respectively.

H an annnal valne of $22.00 per kilowatt of depend-
able power capacity is assigned to the Cisco Power
TTouses Nos. 1 and 2 and a value of 2.8 mills per
kilowatt-hour is assigned to the estimated 130,000,000
kilowatt-honrs of average energy output per season
that wounld be produced by these plauts, the annnal
power revenne would amount to about $949,000, thus
reducing the estimated average unit cost of the new
safe yield to about $3.70 and $6.50 per acre-foot, with
interest rates of 3 and 4 per cent, respectively. Ad-
ditional revenues from discharge of the new safe yield
through the existing downstream power houses wonld
result in an estimated annnal net revenue for the proj-
ect of about $163,000 with an interest rate of 3 per
cent, or wounld rednee the estimated average unit cost
of the new safe yield to about $0.20 per acre-foot with
an interest rate of 4 per cent.

Estimated capital and amnual costs of the Cisco
Project on a 3 per cent interest basis are snmmarized
in the following tabulation. Detailed cost estimates
are preseuted in Appendix N.

Estimated Costs

Capital Aunual
Cisco Dam and Reservoir_ $1-4.120,000 $616,000
Fordyce Diversion Conduit 1,200,000 58.000
Woodchuck Flat Dam . 2 - 524,000 23,000
Rattlesnake Diversion (oudult_,_ 104,000 6,000
(lisco Power House No, 1. _______ 952,000 88.000
Cisco Reservoir Tunnel . _ 2,683,000 114,000
Cisco Power House No. 2. 3,720,000 307,000

$23.303.000  $1.212,000

IRotn] s S

The above costs melnde relocation of the existing
. S. Highway 40. In the event that this highway
is replaced, as proposed, by a +-lane highway before
constrnetion of Cisco Dam and Reservoir, the addi-
tional cost of reloecating the new highway would fur-
ther increase the costs of the Cisco Project. On a
3 per cent interest basis, the capital and annnal costs
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would then be $31,239,000 and $1.519,000,
tively.

respec-

Comparison of Lake Valley and Cisco Projects.
Both the Lake Valley and Cisco Projects conserve a
portion of the flow of the South Fork of the Yuba
River and wmake possible the development of a sub-
stautial power drop iunto Spanlding Reservoir. Also,
both projects involve use of the regnlated flow from
Fordyce Lake. Table 58 presents comparable data for
the two projects.

TABLE 58
COMPARISON OF LAKE VALLEY AND CISCO PROJECTS
! Cisco Project
\
|

Lake |

Item Valley With re- ‘ With re-
Project location of ' location of

existing 4-lane

highway | highway

S ‘ -
Reservoir storage capacity, in acre-feet 41,000 | 100,000
Safe seasonal yield, in acre-feet 104,000 146,000
New safe seasonal yield, in acre-feet 48,000 71,000
Installed power capacity, in kilowatts 17,500 33,000
Dependable power vapaoit\'. in kilo-

N (A S e e ol 16,300 25,500

Average \Lasmml energy nntpnt. in
kilowatt-hours__
I'irm seasonal energy ontput in kilo-
watt-hours___.__ ___ .
Capital costs
With 39 interest rate_ .
With 497 interest rate.
Annual costs
With 37 interest rate.
With 497 interest rate
C'ost per acre-foot of new safe se asonal
vield at Spaulding Reservoir
With 3% interest rate. £2.10 33.70 S
With 497 interest rate S $3.80 86,50 1
Annual net revenue at Wise l’m\'c-r |
House
With 397 interest rate. ..
With 49 interest rate_
Cost per acre-foot of new safe seasonal
vield at Wise Power House I
With 39 interest rate.
With 497 interest rate

649.000,000 130,000,000

649,000,000 112,000,000

£10,110,000 $23,303,000 $%31,239.000
810,172,000 823,457,000 $31,445,000

$654.000 51,212,000 51,519,000
8733,000  $1,409,000 = $1,780,000

EE

L
~1
(=]

$182.000
$103,000

$163.000

5P
-
)
S

)20.20]

Rollins Project. This project includes the con-
struction of a dam and reservoir on the Bear River
at the site of the existing Bear River (fanal intake, a
power house inmediately npstream from the reservoir
created by the damn, and a diversion works with a con-
vevance canal which wonld divert the flow of the Bear
River below the existing Duteh Flat Power House and
convey it to the penstock of the proposed power
house. The project woutd provide a new irrigation
vield of about 182,000 acre-feet, which could be made
available in existing and proposed conduits of the
Nevada hrrigation Distriet and Pacifie Gas and Elee-
tric Company, for use in the Valley, Foothill, and
Bear River Units of Placer (‘ounty and to lands in
Nevada County below abont 2,000 feet in elevation.
The project would also provide about 88,000,000 kilo-
watt-hours of average energy output seasonally and
20,700 kilowatts of dependable power capacity from
discharge of flow of the existing Drum System through
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the proposed Chicago Park Power Ilouse. Principal
featires of the project are delineated on Plate 18a,
entitled “* Rollins Project.”’

The proposed Rollius Dam wonld be located on the
DBear River abont one-half wiile upstream from the
crossing of the highway counecting Colfax and (irass
Valley, and in Section 22, Township 15 North, Range
9 East, M. D. B. & M. The stream bed elevation at
this point is about 1,950 feet. Inflow to the reservoir
would include natnral flow in the Bear River plus the
regulated flow of the Drum System. These waters
would be diverted from the Bear River immediately
below the Duteh Ilat Power Ilouse tailrace and
wonld be conveyed along the north bank of the Bear
River in a lined caunal and bench flume and returned
to the Bear River by discharge through the proposed
Chicago Park Power Ilouse, which would be loecated
about three-fourths of a mile upstream from the flow
line of the proposed Rollins Reservoir,

In snbsequent deseriptions of the Rollins Project
no specifie allocation of new water is made to partieu-
lar service areas. The amounts of water that may be
made available to the Valley, Foothill, and Bear
River Units and to adjacent service arcas in Nevada
County will depend upon the growth of water re-
guirements and upon yield of the constructed works.
It is cousidered probable, however, that the following
general pattern of distribution would prevail during
the irrigation season: Such water as would be con-
served or regulated in Rollins Reservoir would be
discharged into the existing Bear River (‘anal. A por-
tion of the water would be released thierefrom to the
Bear River to Combie Reservoir or a proposed conduit
to Nevada County. Remaining water in the DBear
River Canal would serve lands in the Bear River Unit
or would be discharged through the existing Ilalsey
Power Tlouse. From the Halsey Afterbay a portion
of the water could be diverted to lower lands adjaceut
to the Bear River. The major portion would be con-
veved, as at present. in the existing Wise (anal to
Rock Creck Reservoir. From Rock Creek Reservoir
further diversions conld be made to the Foothill Unit,
The remaining water would continue in the Wise
(Canal and be discharged through the Wise Power
IHouse or diverted enroute to serve adjacent launds.
Releases from Wise Power Ilouse would be diverted
downstream for use in service areas of the Nevada
Irrigation District and the Pacific Gas and Electric
Company. Releases made to the proposed conduit to
Nevada County would be on an irrigation schedule.
The water would be available to lands below the 2,000-
foot contour and would be served as the demand
develops. During the nonirrigation season the major
portion of the release from Rollins Reservoir wonld
be avatlable below Wise Power llouse for storage in
foothill reservoirs. Releases made to the Bear River
wonld insnre the filling of Lake C'ombie to meet the

requiremeintts of lands which are more readily served
from that existing reservoir.

In Chapter LTI it was estimated that the ultimate
seasonal requirement for supplemental water in the
Bear River, Foothill, and Valley Units will be about
314,000 acre-feet. Water from Rollins Reservoir could
be served to these lands from the existing systems of
the Nevada Irrigation District and the Pacifiec Gas
and Electric Company aund to the previously men-
tioned lands in Nevada County whieh have an ulti-
mate supplemental water requirement of about 44,000
acre-feet.

As a first step m determination of the size of the
project, estimates were made of the yield of proposed
works for various storage eapacities. It was estimated
that mean seasonal runoft from the approximately 104
square miles of watershed above the Rollins dam site
is about 154,000 aeve-feet. Additional inflow to the
reservoir was determined from records of the Drumn
System of the Pacific Gas and Electrie Company.

Jased upon records and estimates of runoff during
the eritical dry period which oceurred in the Saera-
mento Valley from 1920-21 through 1934-35, monthly
vield studies were made of four sizes of reservoir at
the Rollins site. Demands on the reservoir assumed
use of the existing Bear River Caual to full eapacity
during the months of maximum irrigation demand
and on a coustant flow basis during the remaining
motiths of the yvear. The chosen demand schedule rep-
resents a compromise between hydroeleetrie and irri-
eation demaunds and was seleeted after mspection of
records of flow in the Drum System uunder present
operating criteria. The schedule wonld furnish an
approximately wuniform discharge to Wise DPower
Tlouse. In each yield study 5,000 aere-feet of reservoir
space was allocated to storage of debris.

A snmmmary of the results of the yield studies is
presented in Table 59.

TABLE 59

ESTIMATED SEASONAL IRRIGATION YIELD
OF ROLLINS RESERVOIR BASED ON
CRITICAL DRY PERIOD FROM 1920-21
THROUGH 1934-35

(In acre-feet)

Reservoir storage | Irrigation
capacity | yield
60,000 239,000
70,000 ' 272,000
75,000 275,000
90,000 | 278,000

After consideration of results of the yield stndies
together with topography of the dam site and cost
analyses hereinafter discussed, a reservoir of 70,000
aere-foot storage capacity, with estimated irrigation
vield of 272,000 acre-feet, was chosen for purposes of
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cost estimates to be presented in this bulletin. A sum-
mary of the yield study for this size of reservoir is
inclnded 1 Appendix M.

Additional yield studies were made to determine the
safe seasonal yield and the new safe seasonal yield
of the Rollins Projeet. Since the flow in the Bear River
at the dam site ineludes regulated discharge from
Lake Spanlding and other upstreain reservoirs, it was
neeessary to determine the new safe yield of the Rol-
lins Project as the difference between the present safe
yield of the Drum System at this point and the safe
vield of the system with Rollins Reservoir in opera-
tion. The preseut safe yield of the Drum System at
this point was taken as the minimum sum of the diver-
sion to Bear River (anal and the flow of Combie
Ophir-Gold 11ill Canal and was determined to be
90,000 acre-feet. The safe seasonal yield of the Rollins
Project with a reservoir of 70,000 acre-foot storage
capaeity was determined to be about 225,000 acre-feet.
Thus the new safe seasonal yield of the project would
be about 135,000 acre-feet. It is estimated that the
existing Bear River Canal, with capaeity in exeess of
450 second-feet, could convey the additional conserved
water.

Topographic data for determination of storage
eapacities of Rollins Reservoir at different water sur-
faee clevations, together with areas flooded, were
taken from a United States Bureau of Reclamation
reservolr survay map, with seale of 1 inch equals 800
feet and with contour interval of 10 feet, and from
the Chicago Park quadrangle map with a scale of 1
ineh equals 2,000 feet and with contour interval of 40
feet. Storage capaeities of Rollins Reservoir and areas
flooded at various stages of water surface elevation
are given i Table 60.

Based upon preliminary geological reconnaissance,
the Rollins dam site is considered suitable for a con-
crete gravity, earthfill, or rockfill dam of any height
up to approximately 300 feet. Bedrock at the Rollins

TABLE 60
AREAS AND CAPACITIES OF ROLLINS RESERVOIR

Depth Water surface Water Storage
of water elevation, surface capacity,
at dam, U.S.G.S. datum, area, in

in feet % in feet in acres acre-feet
- - [ —— S . =

() N ‘ 1,950 0 0
25-= - - 3 1,975 25 100
50 2,000 80 1,500
75 . 2,025 150 1,700
100 . g 2,050 235 9,500
125. . | 2,075 310 16,500
150 o=Al 2,100 410 26,000
1555 20125 545 38.400
200 2150 710 54,200
220. . 2,170 900 70,000
225 . . 2,175 905 74,800
250 = 2,200 1,125 100,000
275 2 2,225 1,395 130,600
300 ] 2,250 1,700 169,500
325 __ | 2275 2,090 217,000
330 . 2,280 2,190 228,000
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site cousists essentially of a highly variable greenstone,
probably a meta-andesite, which occurs over the en-
tire right and most of the left abntment. This rock
is green in color, very hard where fresh, relatively
resistant to weathering, and slightly porphyritic with
a fine-grained matrix. Foliation or flow planes are
generally obscure but may possibly dip steeply down-
stream into the right abutment. Jointing, which is of
moderate importance on the surface, can be expected
to tighten rapidly with depth. A major fault of the
region probably underlies the gully which crosses the
abandoned railroad right of way about 300 yards
northeast of the trestle. Stripping from the abutments
for the impervious section of an earth dam should
not exceed 3 feet of bedrock beneath a few feet of
overburden. In the channel section an estimated 30
feet of river gravels would be stripped for the im-
pervious section of an earthen dam but the under-
Iyving bedrock need only be shaped. Tmpervions fill
material 1s available from flats about 1 mile north-
west of the dam site. These flats are partly cultivated
at the present time. lLarge quantities of stream
gravels with admixed sand are available locally for
the pervious section or concrete aggregate. Suitable
roek which could be quarried or salvaged from a
spillway cut for use either in a blanket seetion or as
riprap is also available locally in virtnally unlimited
quantities,

As a result of yvield studies, geologie reeonnaissance,
and preliminary eeonomie analysis, an earthfill dam
220 feet i height from stream bed to spillway lip,
and with a c¢rest elevation of 2,185 feet, was selected
to illustrate estimates of eost of the Rollins Project.
The dam would have a crest length of abont 1,100
feet, a crest width of 30 feet, and 3:1 upstream and
2.5:1 downstreamn slopes. The upstreamm slope of the
dam wonld be faced with riprap. The dam wonld be
constructell with a rolled earth impervious eore hav-
e a 10-foot crest width and 1:1 side slopes. The
total volume of fill would be an estimated 2,789,000
cuble yards.

The c¢hute-type spillway would be located on the
rieht abutmment aronnd the end of the dam. It would
have a eapacity of 35,000 second-feet, required for an
assnmed maximum discharge of 340 second-feet per
square mile of drainage area, and would discharge
into the Bear River below the dam. The maximum
depth of water above the spillway lip would be 8.75
feet and an additional 6.25 feet of freeboard wonld
be provided. The outlet works wonld inelude a horse-
shoe-type tnnnel, 10 feet in diameter and 1,400 feet in
length, excavated through the left abntment and
conerete-lined. The tunnel would be used to divert
flow of the Bear River during the construetion period.
After completion of the dam a conerete plung would
be placed in the tunnel at a point inside the inlet
portal where the rock overburden is approximately
50 feet. Inmediately upstream from the conerete plug
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a vertical shaft 7 feet in diameter would be ent to
eround surface at an approximate elevation of 2,015
feet. This vertical shaft would contain the outlet con-
duit, a 60-inch steel pipe encased in concrete, which
would have an inlet elevation of 2,025 feet and would
extend through the concrete plug into the tunnel and
terminate at the Bear River (anal intake. Releases
would be controlled at the upstream end by a 60-ineh
butterfly valve operated from within the tunnel and
at the downstream end by a 48-inc¢h hollow jet valve.

The reservoir area consists of about 900 acres, of
which 400 acres ave streambed or bare slopes. The
remaining 500 aeres would require clearing. Existing
improvements within the reservoir area include about
one-fourth mile of existing Iighway 40 which will be
realiened out of the reservoir area under an adopted
freeway program. There are also 18 cabing within the
reservolr area and an estimated 1 mile each of steel
tower and wood pole power transmission lines.

The proposed diversion works for the Chieago Park
Power House on the Bear River wonld be located in
Section 27, Township 16 North, Range 10 East,
M. D. B. & M., at stream bed elevation of 2,700 feet
and about 400 feet downstream from the existing
Dutch Flat Power House. The diversion weir would
consist of a gravity concrete overpour seetion and
apron. The crest of the overpour would be 15 feet
in height above stream bed and some 175 feet
length. Two radial gates, each 20 feet 1n length and
7 feet in height, would be installed in the dam near
the right abutment to permit sluieing of an approaeh
to a side channel overpour section. The side ehannel
overpour section would eonsist of a weir with a crest
elevation of 2,718 feet and 200 feet in length, extend-
ing upstream from the dam along the right bank of
the river. Water diverted over the weir would enter
a side channel 20 feet in width, 8 feet in depth below
the overpour crest, and 450 feet in length, extending
from the upstream end of the overpour weir to a point
about 250 feet downstream from the right abutment
of the dam. The side ehaunel downstream from the
dam would be provided with a wasteway to the Bear
River for flows in excess of about 700 seeond-feet, two
3- by H-foot slide gates at the lower end for sluicing,
and a submerged right side wall to retain silt in the
main side channel while allowing desilted water to
spill to the right over into the headworks of a con-
crete canal. The canal, with a eapacity of 700 second-
feet, would be of concrete construction, rectangular
in section, with a bottom width of 15.3 feet, a depth
of 7.65 feet, and a freeboard of 1.0 foot, and would
extend along the right bank of the Bear River for a
distance of 5.75 miles to the inlet of the penstock of
the proposed Chieago Park Power [House.

The steel penstock with a diameter of 7.0 feet would
have its ml<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>