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ABSTRACT

The Owens Valley is located approximately 200 miles north of
Los Angeles, along the eastern edge of the southern Sierra Nevada,

¥

The geology and hydrology of the area are studied in ordex
to obtaim a quantitative description of the ground-water supply. The
geologic boundaries are delineated using technigques of field geology.
Photogeology, coupled with microscopic analysis of outcrops and well
cuttings, aids in identifying the geohydrolegic subdivisions.

The major aquifers are the alluvial fans and volcanic flows
flanking the eastern edge of the Sierra Nevada, Over one million acre-
feet of water is presently stored in these aquifers,

Pumping tests are conducted on selected aquifers in the
study area and formation parameters obtained. The theory of multiple
well-field analysis is applied to the pumping period 1960-62. Analysis
of these results reveals average transmissivities of over 200,000 gpd/ft,
and storativities of .0l.

A hvdrologic budget is applied to the study area using average
Y =S PP 5 5
records of precipitation, runoff, and evapovation, From the results of
this budget, the ground-water safe vield is determined as 221 cfs.

4

A linear model of the Independence ground-water region i
created, and the hydraulic properties simulated mathematically with a
digital computer. Predictions of future water levels are obtained using

several regimens of pumping and artificial recharge.

Salvage of ground water is accomplished by lowering the water
table in areas supporiing phreatophyte growth,

Semi-pervicus faults exist transverse to ground-water move-
ment in many areas om the alluvial fams. These faults retard the flow
of ground water causing areas of heavy phreatophyte growth.

Storage of ground water is optimiged by arvtificially
aquifers adjacent to alluvial fault zomes. In this manner, leak
the toe of the alluvial fams is minimized.

The theory of a well pumping in the vicinity of a semi-pervious
fault is developed in oxder to predict water-level declines caused by
backward leakage through the fault zomes.
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PRELIMINARY GROHYDROLOGIC STUDY OF A PORTION

OF THE OWEHS VALLEY GROUND-WATER RESERVOIR

INTRODUCTION

A 12-year drought around the turn of the cenmtury prompted
city officials of Los Angeles to seek out a supplemental water supply.
This they did by acquiring water rights to Oweans River. A 233-mile
aqueduct was constructed, which upon completion in November 1913, de-
livered approximately 420 cfs to the City of Los Angales.

Recent water demands, culminating in the 1960's, have prompted
Department engingers to seek still further development of the Owens
River-Mono Basin sources by building a second aqueduct from the Owens
Valley. This second aqueduct will in part be supplied from ground walter
pumped from underground reservoirs. The expected mean annual draft
from the ground-water reserves 18 estimated to be about 120 cfs. The
total combined agueduci flow to the City of Los Angeles would be about
700 cfs, 450 e¢fs from the present aqueduct and 250 cfs from the second
aqueduct,

Due to the commitment of underground watex, it is of prime

importance that knowledge of the total underground supply be obtained.

Purpose and Scope

It is the main purpose of this dissertation to make a quanti-
tative estimate of the ground-waler reserves available for supplemental

use. More specifically, the investigation has the following objectives:



1. To determine the size and extent of the individual hydro-
logic unifts which comprise the area under investigation.

2. To determine the source of the ground water in this area
and the hydrologic factors which govern its movement from the areas of
recharge to the areas of discharge.

3. To determine the present amount of recharge to the ground-
water reservolr and ite mannery of fluctuation.

4. To determine the amount of storage in the agquifers of the
reservoir.

5. To evaluate ground-water withdrawal schemes and thelr
effect on the available supply im the ressyvolr.

6. To determine the amount of natural discharge and the
amount of salvage appropriate Lo insure proper developmgnt.

The scope of the investigation ranges from detailed geclosgic
mapping in the field, to develovment of a highly sophisticated computer
model which similates mathematically the behavior of the reservoir.

The theory of multiple well fields, as developed by Cooeper
and Jacob (1946), is applied in the axea, and the pumping period 1960-
62 analyzed.

The non-steady state theory of a wall pumping in the vicinity
of a gemi-pervious fault is developed analytically and applied in the
study area to gain insight into salvaga operabtions.

This study iovestigates the laws and principles which govern
the occurrence, movement and storage of ground water in the Owens Valley.

C

w
e

The results of this study will b ordinated with the operatiomal-

v

economic phase of the second aqueduct (see organizational model, Plate ).

{
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Methods of Investigation

The methods of investigation can be systematically sumnarized
in the following order:

1. LITERATURZ RESEARCH - This consisted of a critical review
and evaluation of all the previous reports written on the arsa. The
ma jor comclusions by cach of the authors were noted. These results
aided in the com?ilation of the basic knowledge required to undertaka
a study of this type.

2 FIELD INVESTIGATION - Investigation of the area was first

-

undertaken in June 1965, Since then, numerous field trips have been
taken involving both geologic and hydrvologic studies. Areas in which
knowledge is sparse have been investig ced by a well-drilling program.
Bore-hole cuttings were analyzed both in the field and by petrographic
analysis, Major geologic Lormations weve mapped using field-geology
procedures (Labees, 1952) in conjunction with actual asrial reconnalssance.

A six-week field investigation in the summer of 1968 provided
important insight into the natuve of the alluvial faults in the wvalley.
Trenches were cut across many of these faults using a 'drag lins' and
a "back hoe."

Pumping tests were conducted on wells represaenting different
aquifer types in the region. These data were analyzed to obtain estimates
of the formation paramaiters.

3. MATHEMATICAT ANALYSIS - Analysis of data from the pumpir
period 1960-62 were analyzed using hydrographs of selected recorder wells.

The theory of multiple well-field analysis, as developed by Cooper and
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(1946), was applied to determine regional values of the formation

Jacch

paramelters. The tedious procedure of reducing these data were simpli~
fied by programming the routine into a digital computer.

A model of the Independence area was created by dividing the
area up into polygong. Transmission and storage properiies were assigned
to each polygon and the area simulated mathematically using a digital
computer.

The theory of a well pumping near a semi-pervious fault was
developed to predict water-level declines near the fault. A family of
curves was developed to facilitate application of this theory.

4. UTILIZATION OF HYDROLOGIC RECORDS - To obtain inflow, out-
flow and storage characteristics in the study area, bydrologic records
were analyzed over a chosen base period. Records of stream flow, preci-
pitation and ground-water levels wers carefully analyzed. The data were

then synthesized into a hydrologic budget for the gtudy area.

Previous Work

Most of the lands in the Owens Valley ave owned by, or with-
draym for, the City of Los Angeles. Most of the previous investigations

are engineering studies centering around available surface-water supply. .

sk}

There are no comprehensive geohydrologic reports, prepared by state agencies,
as is common in many other basins of California.

There are, however, several important geologic contributions
3 ? o o

to the litervature comcerning the area.
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Rnopf and Rirk (1918) laid the basic geologic groundwork of
the area. Thelr investigation provided much of the infoymation regard-
ing geologic structure, history and rock types. OCertain details are
lacking in their work, such as detailed fault and ocuterop mapping; but
congidering the limited data available, the report still represents the
most comprehensive geologic investigation in the area.

Pakiser, Kane and Jackson (1964) made a geophysical study
oriented towards explaining the styuctural geology of the Owens Valley
region, Seismic, gravity and magnetic surveys were run throughout the
valley. Their interpretation of the structure was based on results of
the geophysical data and the geology as explained by Knopf and Kirk
(1918). In genexal, their results are broad, on az regional scale, and
therefore of little use for ground-water exploration programs.

Several reports on availability of supplemental surface waterx
have been written on behalf of the City of Los Angesles in conneciion
with the aqueduct system. These reports contain useful data Ifvom pre-
cipitation, stream flow, runoff and consumptive-use records {R. V.
Phillips, 1963; Los Angeles Department of Water and Fower, 1962),

C. H. Lee (1912) studied the water resources of the Independ-
ence area. Lee's work is important in that it represents the first
comprahensive study in the area relating phreatophyte growth to ground-

water discharge.

Socurces of Data

Hydrologic data for the Owens Valley aveawsie obtained from

~tment of Water and
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powcr. LOS Angeles owns a large percentage of the lagd in the Owans
valley and controls mést of the major water-supply and distribution
systens within the valley. Some of the important records used in this
study were those concerning precipitation and stream flow. From these
were obtained estimates of the quantity of flow issuing from the base
of the mountains and of the flow entering the aqueduct. The difference

betwsen the two is an indication of the lose of flow due to deep perco-

lation. This is important because it provides an estimate of the amocunt

of influent seepage which is recharging the eround-water reservoir. Along
[l & - [l

with stream-flow data, datz regarding spring flows and well flows were
also available,
Pumping records have been kept, and therefore, extractions
-

from the ground-water basin are known for every period of pumping. Ele-

wells are known throughcut the

1]

vation of water levels in most of th
valley, enabling one to obtain an idea of the divection of the movement
of the ground water, as well as depth.

Unfortunately, a large percentage of the wells are located
along the aqueduct, mear the center of‘the valley, restricting most of
the borechole knowledge to this avea. There is at present an exploratory
driliing program ih’progress which, it is hoped, will answer.maﬂy quasg-
tions in heretofore unexplored areas,

Drillers' logs on many wells were reviewed as an aid to under-

the subsurface geologic structure.

Hydrologic Bage Period

In any watershed, the origiral source of local water is from

precipitation., The amount of precipitation on a gyound-water basin, and
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op its tributary areas, serves as an index to the tetal water supply
available to that basgin., From the analysis of long-term precipitation
records, it is possible to select as a base period a relatively short
and recent period which represents the long-time available water supply.
guch a period is needed for study purposes because long-term hydrologic
data ave generally unavailable,

The base period should be reasonably representative of hydro-
logic conditions and should include normal and extreme wet and dry years.
The base period should also be within a period of available records and
should include recent cultural conditions as an aid to future basin
operational studies. The long-term period in the Owens Valley was
determined from studying precipitation of the Independence and Bishop
areas. The hydrographic years (October 1 through September 30) of
1937/38 to 1959/60 inclusive were selected as the base period for this

study as they meet all of the criterial

Terms and Definitions

Definitions

Aquiclude - A body of earth material of léw permeability,
which can absorb water but cannot tranmsmit it at a rate sufficient
for economic extraction by wells.

Aquifer - A body of earth material capable of transmitting
watey through its pores at a rate sufficient for economic extraction

by welig.
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Aquifuge - A body of earth material which is impervious and
nonabsorptive.

Darcy's law - Basically states that the velocity of moving
ground water is directly proportional to the head difference betwesn
two points and inversely proportional to the path length. In its
gimplest form:

velocity = v = - K dh/dx
where X is the proportionality constant and is called the hydraulic
conductivity. dh/dx is the hydraulic gradienmt. The negative sign is
a matter of comvention and indicates that the ground water is moving
in the direction of decreasing head.

Drawdown in a pumping well is the difference between the
pumping level and the extrapolated standing level. It is made up of
two components, the formation loss (BQ) and well loss (CQW),

Formation-loss coefficient (B) is the ratio of the formation

head loss to the discharge. For convenience it may be expressed in
f£/100 gpm or £t/1000 gpm.

Hydraulic conductivity -~ In soil mechanics and foundation

engineering the term 'permeability' is often applied to another comstant.
This second constant or characteristic typifies mot only the porous

media Bat also the fluid flowing through it. In addition to the per-
meability as defined below, the fluid factors visccsity and gpecific
weight are considered. In this report this product is termed "hydraulic
conductivity." In terms of the hydraulic conductivity, Darcy's law of
flow may be expressed as follows: The volume-flow per unit area is

equal to the product of the hydraulic conductivity by the hydraulic
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gradient, OF loss of head per unit distance in the direction of flow,
The hydraulic conductivity is the permeability multiplied by the speci-
fic weight of fluid and divided by its viscosity.

Permeability - (Specific or intrimsiec) That propevrty of the

porous medium which is independent of the fluid properties of viscosity
and specific weight, It is related to the pore diameter, which is
assumed propoztiomate to a representative grain diameter d.

It is usually written K = Cd2 where C is a dimensgsionless

constant, a property of the medium only.

Pumping level - The water level observed inside a wall when

it is discharging.

Recovery - The difference between the extrapclated time-
drawdown curve that would have existed if the well had continued to
pump and the observed water level in the well.

Safe yield - For this study, the average annual amount of
ground water that could be extracted from a ground-water basin over a
long period of time without causing long-continuing reduction of ground

water.

Specific capacity -~ The ratio of the discharge to the draw-

down it produces, measured inside the well and expressed in gpm/ft or
in ¢fs/ft,

Specific drawdown - The ratio of drawdowr to the discharge

that produces it. It is the reciprocal of specific capacity and may
be expressed in ft/gpm or ft/cfs.

Standing level - The level observed inside a well when its

pump is idle.
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Staric lavel - The water level that would have been observed

at any time im a well if it had never been pumped,

Storativity - The ability of an aquifer to store water is ex-
pressed by a number called its storativity. This is the same as 'coef-
ficient of storage' or "storage coefficient™ of Theis., It is defined
as the volume of water removed from storage under a unit surface area
by a unit decline of head, or expressed otherwisz, it is the volume of
water stored under a unit surface area by a umnit rise of head. In con-
fined aquifers the storativity ranges from about 1073 to 10“3, in un-
confined aquifers storativity is the same as specific yield and ranges
from about .05 to .40, Intermediate values imply semi-confinement.

Thiegssen Method -~ A method used to deteymine the amount of

precipitation on an area by constructing polygons or areas of influence
about each gaging station. The polygon is formed by the perpendicular
bisectors of the straight lines joining adjacent gaging stations. When
using this method, it is assumed the depth of precipitation within the
polygon is equal to the depth of precipitation at the corresponding
gaging station.

Transmissivity - A conveunient term used to describe the abil-

ity of a uniformly thick bed or aguifer to transmit water. This is the
same as the "transmissibility' of Theis; but, since the water in the
agquifer is transmissible, while the aquifer itself is transmissive,

the word "transmissivity"

is currently being accepted in describing
the aquifer. The transmigsivity is the hydraulic conductivity multi-

plied by the saturated thickness of the transmissive formation.
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Well-loss coefficient (C) - The ratio of the well loss to

2 is based on the assumption that

#

the nth power of the discharge. (n

the hydraulic friction accompanying the flow of water through the per-
forations in the casing and upward inside the casing to the pump intake

ig fully turbulent as in a "rough' channel.) That is, the hydraulic

th

resistance is assumed proportional to the n power of tha mean velocity

th

at any point in the stream or to the n™ power of the discharge,



DESCRIPTION OF ARFA

Physiography, Areas and Boundaries

Owens Valley is located in east-central California along the
western edge of the great Bagin (Plate II). It is generally charac-
teristic of that region except to the west where typical high Sierra
features exist. It is bordered on three sides by desert regions, Mono
Basin lies to the morth, White, Inyo and Coso Mouuntains to the east,
and a series of open valleys to the south. The well-watered Sierra
Nevada lies to the west (Plate III). The Owens Valley area includes
not only Owens Valley proper, which is a narrow trough extending from
the volcanic tableland to Owens Lake, but also Round Valley, which 1Is
a branch of Owens Valley northwest of Bishop, Long Valley which is the
depressed area that contains Lake Crowley, and the extension of the
Owens Valley trough north of Laws along the White Mountains front.

The shape of the valley is long and narrow, trending northwest=-
southeazt, Its length from the Mome divide to the south end of Uweus
Lake ig 120 miles. Its width from crest to crest of the confining

+

mountain ranges varies from 40 miles at the morth end, to 25 miles at
Owens Lake, its minimum width being 15 miles between Bishop and Big
Pine, The total area of the valley as far south as Olancha, with its
tributary mountain drainage, is about 3,300 square miles, of which 1,200

square miles are occupied by desert mountains that yield practically mno

runoff, 536 squeve miles in the Sierra Nevada yield a large runoff and
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1,580 square miles consist of transition slopes, valley floor, and thz
gurface of Owens Lake,

The upper valley 1s geparated into two parts, the western
part being known as Long Valley., A depression callad Round Valley lies
between Owens Valley proper and Long Valley. Owens Valley extends as
far south as the southern end of Owens Lake, a distance of 80 miles;
and its floor ranges in width from 2 to 8 miles.

U. S. Highway 395 parallels the entire eastern frent of the
Sierra Nevada throughout the length of the Owens Valley area. U. 5.
Highway 6 follows the western front of the northern White Mountains
southward and joins Highway 395 at Bishop., California State Highway
190 enteys Owens Valley from the sast at Lone Pine,

The elevation of the valley floor ranges from about 8,000
feet above sea level at the Maono divide te 3,570 feet at Owens Lake,
the lowest point in the valley, ‘The average slope in Long Valley ig
between 25 and 35 feet to the mile, and the elevaticn at its lower end
is about 6,670 feet. TFrom the end of Long Valley to the head of Owens
Valley proper, theve is a dyop of 2,200 feet in a distance of about 20
miles, Owens River here has cut a deep gorge through voleanic deposits
which extend across the valley. From the big bend in the river northeast
of Bichop, at an elevation of about 4,100 feet, the slope to Owens Lake
is féirly uniform and averages 7.5 feet to the mile. The average eleva-
tion of the outer borders of the valley along the base of the Sierxa
Nevada is about 6,000 feet, and the elevation along the eastern rim

ranges from 4,000 feet near Owens Lake, to 6,000 feet at the base of

the White Mountains. The slopes that flank the valley are steep. The




- |
sastern face of the Sierra Nevada drops off at an average rate of 1,500
to 2,000 feot to the mile, and the slopes of the alluvial deposits |
flanking the range vary from 350 to 600 feet tc the mile. The slopes

of the western faces of the White and Inyo Mountains range from 700 to

000 feet to the mile. The valley floor has ver light transverse
2, ¥y y

1

slopes.
The elevation of the crest of the Sierra Nevada averages

12,500 feet, though many peaks excead this altitude, some of them by
more than 1,500 feet. The lowest portion of the range is that extend-
ing from Mammoth Pass morthward to the head of Glass Creek., The most
northerly tributary of Owens River, and the highest, is in_thé vicinity
of Mount Whituney. The White and Inyo Mountains have an average eleva-

tion of 10,000 feet, and mortheast of Bishop they attain a height of

over 13,000 feert,

The specific area of the Owens Valley coverad in this study
ranges from about 10 miles south of Bishop on the north, to Owens Lake
on the south. FEmphasis will be placed on areas of maximum future
ground-water withdrawal which, in the near future, will be in the Inde-

pendence to Big Pine avea,

Surface Stream Systems

The Owens River is the main or trunk stream, and is fed by
about 40 small tributaries entering at fairly regular intervals from
the west {see Plate III). Water reaching the river from the east is

derived from sparse cloud bursts and is negligible in amount. The waters




-18-
of Owens River usad to empty into Owens Lake, from which they escaped
only by evanoration. There is heavy precipitation on the western side

of the Cwens Valley, resulting from the great elevation of the Sierra

The moisture-laden winds from the west lose much of their

Nevada.

moisture in passing over this high range, and as & conseguence, rainfall
ig very light in the main part of Owens Valley and the districts farther
east., DNumerous streams enier the valley from the Sierra Nevada. The

larger of these ave Rock, Pine, Bishop, Coyote, Big Pine, Tinemaha,
Taboose, Oak, Sheperd, and Lone Pine creeks. South of Mount Whitney

the tributaries are smaller and interxrmittent because of the small amount

character, flowing through deep, narrow gorges on the higher slcpes

of snow on the summit of the range. The streams are torrential in
and emerging onto the lower detrital comes which they have deposited.
\

Climatological Characteristics

Annual temperatures in Owens Valley range from well over
100°F { less th °F 1 i Towe 1
F in the summer, to less than O F in the wintex. However, co0o
tenperatures prevall throughout the summer on the higher slopes of the
Sierra Nevada. The climate of Owens Valley and the Great Basin area
to the east is arid. The climate of the Siexrra Nevada is subhumid,
and extensive snowfields form during the cold winter months and melt

off during the spring and summer. Glaciers exist in some of the higher

elevations.




History of Land and Water Use

Owens Valley is rich in natural resources. Owens Lake con-
taine 160 million tons of various salts, including carbonates, bicar-
bonates, sulfates, chlorides, and borates of sodium and potassium.

Five plants have been constructed for rhe manufacture of soda ash, and

one for caustic soda. All alkali operationms have since been discontinued.
Altogether, about 1,000,000 tons of alkali and 30,000 tong of borax have
been produced from the brine of Owens Lake. :

Deposits of tungsten are extensive in the Bishop area. The
tungsten minerals that ave mimed ave found in tactite and include scheelite
and members of the wolframite group, The Pine Creek mine, operated by
the Union Carbide Company, provides a large percentage ol the current
tungsten production in California. 8ilveyx, lead, and zinc deposits
have been mined for many vyears at the Cerrvo Gordo mine east of Lomne Pine
in the Inyo Mountains and at other small mines. Small vein deposits of
gold have been mined intermitifently in the Owens Valley region. Talg,
perlite, absorbent clay, and pumice have been produced from several
deposits in the Owens Valley area.

The water of Owens River and its tributaries in the Sierra
Nevada is an important rescurce which is supplied to the City of Los
Angeles through the Los Angeles Agueduct.

Agriculture includes cattle grazing on the desert shrubland
of Owens Valley, fruit orchards near Bishop, and some grainm production,

Owens Valley is an important major resort area, and the towns

Scrve az headquariters for a variety of summer and winter sports.




GEOLOGY

Geologic History

About 150 million years ago, in the Mesczoic Era of geclogic
time, (Fig. 1), volcanic and sedimentary deposits had collected in the
Owens Valley Ceosyncline to a depth of at least 50,000 feet (Knopf, 1918},
The lower portion of the trough was tightiy folded and broken along
faults., Granitization of these sediments occurred at deptﬁ due to ex-
treme metamorphism (Anderson, 1937). The Sierra Nevada batholith in-
truded the area at this time,

Relatively stable crustal conditions were ended about 20-25
million years ago by three distinct uplifts which occurrved over possibly
a 10-million year period. These uplifts were not rapid enough to cause
mountain ranges of great consequence, buf accompanying them was exten-
sive volcanic activity. Volcanic rocks extruded during this period are
found from the Tehachapi Mountains through northern California, and
from the San Joaquin Valley to areas eést of the Inyo Mountains {Bateman,
1954)., It may be that ancestral Owens Valley existed at this time,
since Sedi%ents were deposited inm lakes which occupy the present flanks
of the Coso Mountains (Smith, 1957). Howaver, there is mno direci evid-
enca to show when the valleys were formed, and it may be that they were
not delineated until after the first glaciation.

The periocds of extensive volcanism and minor uplift were sepa-
rated from those of glaciation by about 10 million years of relative

qQuiet in which some volcanism occurred. The products of this volecanism
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can be seen in the lava flows interbedded with the sediments of older
yolcanic flows of the Coso Mountains (Pakiser, 1960), During this time,
the sea retreated from the San Joaquin Valley and minor uplifts of the
gierra occurred. The greatest elevation in the region during this time
was probably no greater than 1,500 feet or possibly 2,000 feet. Because
of its low elevation, the Sierra was not glaciated during the first
period of continental glaciation.

The first Sierran glaciation, the Sherwin glacial stage,
occurred pessibly 700,000 years ago and was contémporaneous with the
sccond advance of ice over the continent (Blackwelder, 1931). At this
time the Sierra, and probably the Inyo Range as well, had undergone the
first of two major series of uplifts, and the Sierra probably stood at
5,000 to 6,000 feet in elevation with peaks up to 8,000 feet high.

Owens Valley had now certainly takem cn its present form, and the deep
canyons in the mountaing on either side of the valley were being en-
trenched,

During the following interglécial period and the second S8lervan
glaciation, (Tenaya-Tahoe stage) the range probably attained its present
elevation. - This was the most extensive of the three glacial periods
that sculptured the high Sierra, and tongues of glacial debris extendad
far down the mountain valleys, The southernmost point at which glaciers
formed was Olancha Pezk, and with the third glacial stages (Tahoe stage},
the finiching touches were put on the landscape of the Sierran upland
(Blackwelder, 1931).

During these 1as£ two glacial periods, which were also periods

of extreme crustal unrest, volcanic rocks, such as the extensive Bishop
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ryff which covers a large area north of Bishop, were extruded (Gilbart,
1938). Volcanism occurred in the whole region, from the El Pascs to
the northern end of Owens Valley, and in the Sierra and Inyo Mountains.
The youngest volcanic flows show few signs of ercsion. The lithology
at three sections in the study area can be seen graphically in Fig, 2.

Seismically the Owens Valley is still very active, as evidenced
by the 1872 Lone Pine earthquake and numerous smaller earthquakes. An
average rate of displacement across the Sierran fault zone since the
first glaciation, is estimated at approximately 1 foot per century (Frad-~
son, 1855). As of this writing, there are vo accuvate records of recent
changes in elevation across the fault zone to make a valid comparison
between the present rate of displacement, and that of the geologically
recent past. This is being corrvected however, by the installation of
strain gages at several places across active faults near the town of
Lone Pine, This inmvestigation is being conducted by the U, 5. Coast
and Geodetic Survey in conjunction with Farthquake Mechanism Laboratories

of San Francisco.

. Geoclogic Structure

The Owens Valley region is part of the Basin and Range province,

which is characterized by a sub-parallel series of northward-trending

H

ranges separalted by elongate basins., This pattern is caused by structural

s to occur

i

geologic features which resulted from the last geologic even

in the province (Pakiser, 1964).
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Owens Valley is a large block of the earth's crirgt which i
depressed along fault zones between mountain blocks, The erosional
agents of water, wind and ice have destroyed original surface features

along the great faults of the region. In the formation of the valley,

the granitic mountain blocks were separated by faults from the valley

block which was sinking and receiving & thick deposit of sediments.

The faults, which separate the valley from the mountain blocks, slope

toward the valley and occur in a fault zone three or more mileg wide

(Fig. 3). This fault zone is a series of steps descending from the

pountain areas into the valley, and vertical separations of more than

900 feet occur on some sieps. fhe lowast point in this cross section

is 6,000 feet below the surface or about 4,000 feet below sea level,

.rive vertical separvation has occurrad

3+

About 12,000 to 14,000 feet of rel

across the fault zone (Pakiser, 1964).

Many complicated geologic events have structured Owens Valley
(Fig., 4). The simple structural conceptl voiced by geologists in the
1870's - that the valley is an elongate depressed block bounded by
fault zones, lying between two elevated and in part filted blocks - is
essentially valid,

A detailed geologic map of the Owens Valley can be seen in

Plate'IV,

Aquifers

In discussing the geohydrologic properties of the study area,

e

the fact that the westward originating storms deposit most of their
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ecipitation on the Sierra Nevada gimplifies matters considerably.

pre
This lack of precipitation results in very little water supply from
the east cide of the valley. The discussion therefore, will be

confined strictly to the area west of the Owens River.

Alluvial Fans

The mesf extensive water-bearing formations in the Owens
yalley are the massive alluvial detritue fans. Comprising morve than
275 square miles of surface area on the eastern flank of the Sierras
between Bishop and Owens Lake, these alluvial fans prévide vasht stor-
age reservoirs for underground water. The general appearance of these
fans is that of a broad apron (bajada) gently merging the base of the
mountains with the valley floor and the name "Bajada Reservoir' is
assigned to these ground-water reservoirs (Plate V),

The general depositional pattern of the alluvial fans has
probably changed very little since the original uplifting and degrada-
tion of the Sierra front. The pattern is simple in context. Perennial
stream flows form pervicus sand deposits in channels extending from the
apex to the foot of the come, Torrential downpour then might furnish
large amounts of material of intermixed sizes, which is deposited by
floods beyond the stream channels, the coarse material at.the apex and

the fine material toward the foot of the come., A heavy flood may spread

raat boulders (Plate VI), over the upper por-
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bui lower down the deposition of coarse matevial is
limited to the stream channel, and the subsiding flood waters may lay

dovn & layer of silt and clay over the lower portiom of the cone.




PLATE V

Independence-0ak Bajada reservoir (S.W. view),

Sawmill Canyon - Bajada region.




PLATE VI

Heterogeneous alluvial fan deposits northwest of
the Alabama Hills (Boulder in lower photo is approxi-
mately 15 ft. across).




This heterogeneity in the alluvial cones of the Owens Valley

;s evident by observing their cvoss sections in dissected stream chan-

m_’lS .

The general hydrologic structure is the same for most alluvial

fans but the quantity of water absorbed and delivered to the aquifers,

the velocity of subsurface motion of water, and the degree of confine-
ment of the deeper watexrs are of great variety.

If the material of the fang is derived from mechanically dis-
integrated granitic formaticns, as ave the ones in the Owens Valley,
the deposit may be more permeable downslope of the fan, where large

bodies of sorted sand occur (Plate VII), than at the apex, where hetero-

gencous deposits of boulders cementeé with finer matevrial occur,

ihe recharge area is a belt covering the upper and pervious
portion of the fen and extending down the present stream channel. The
b~

bolt outside the stream channel absorbs rainfall and surface and

surface Tunoff from the mountain waterched tributary to the cone. The

I~

quantity absorbed by this area is difficult to determine. In some

0
)
w0
M
0}

it may be large and in others small.

Influent stream seepage in the intake area is usually the

chief souvce of supply of ground water.

Yoleauic Formations

The most prelific water-bearing formations found in the Owens
Valley are the basaltic lava flows. These lava flows issued from vol-
Cances located.along fault lines, at the base of the mountains or in

-

At

=N

2 I PRI . . -
the alluvial outwzsh slopes. Extensive sheets of black and red basalt



PLATE VII -

Well sorted alluvial fan deposits in the lower
zones of the Bajada region.




lava spread far and wide down the ancient outwash slopes at least two
geparate times in the geologic past. After the alluvial cones flanking
the Sierra Nevada had attained their present heights, small flows of
olivine basalt were emitted. Lavas of this period were later covered
by moraines and aqueo-glacial deposits from the Tenaya-Tahoe glacial
period. Fxistence of this early basalt flow was confirmed during the
drilling of Well 342 mnear Taboosge Creek. This earlier flow, and the
accompanying pyroclastic deposits, constitute the main aquifer in the
Tabooge area; and properly developed wells in this aquifer have yields
up to 10 cfs,

In pre-Tioga and post-Tahoe glacial time, another period of
voleanism occurred (Pakiser, 1964). Remnants of this latest activity
can be readily seen in numercus places throughout Owens Valley. This

later flow appears as fresh as if it had cooled only yesterday (Plate

b

VILI), but closze examination reveals that it is partially buried in

g

places by glacial outwash from the Ticga age. This partial covering is

valley, Where the water table occurs in this upper basaltic flow, as
in the Big  Pine and Aberdeen area, well yields are extremaly high.

The upper lava flow is a potential site for artificial re-
charge of ground water, In this area theve is virtually mno runoff
ﬁuriﬁg storms, and the capacity for spreading ground water is a func-
tion of supply only.

The structure of the lava flows appears to be fairly predict-

able at depth, with porosity being a function mainly of thickness. In

jes]

a very thick flow, the rock type is more massive and favoring a gray




PLATE VIII

Westward view near Taboose Creek showing recent
basalt flows. (Post-Tahoe glacial age)

Close up of recent basalt showing excellent secondary
porogsity features.
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dolerite rather than & true basalt. This is credited tc the fact that
the lava cooled more slowly and produced a rock of larger grain size,

The excellent secondary porcsity, which sustains high yields
to wells, originates from the fact that the top and bottom of the lava
flow cooled quicker than the inner part. Contact with the relatively
cool alluvium on the bottom, and the atmosphere on top, induced exten~
sive formation of caverns, veslcles, and shrinkage cracks, On the top
of a moving lava flow, crust forms, and due to viscous drag produced by
the moving fluid inner povtion, the upper crust is broken into twisted
heaps andrjumbles of blocks grotesquely piled together fowming quite
an irregular surface, If the flow is thin, this structure extends clear
through. It is this characteristic "broken~up' structure along with
the accompanying pyroclastic debris that makes these lava flows the pro-
lific aquifers that they are. Aquifer tests have shown high yields,

low drawdowns and very small recovery times (virtually non-measurable),

Semi~Pervious Formations (Aquicludes)

Pre-Tertiary Rocks

The pre-Tevtiary rocks in the Owens Valley include basically

the Cretaceous sranites and monzonites of the Sierras, and the metamor-
2

phosed sediments and volcanics of the White and Inyo Mountains. Numerous

isolated outerops occur throughout the valley, the larger ones ave Crater

=]

Meuntain and Alabama and Poverty Hills, The fact that rocks of this

type have essentially nc primary porosity results in low permeabilities;

and any that does exist is duoe sclely to secopdary poros ity existing in



the form of faulting, jointing, and wesathering cracks, Thisg secondary
porosity is many times limited to a superficial zone, as seen from exam-~

jpnation of several mines dug in both the granite and in the meta-sediments.

Excellent secondary porosity and seepage was, however in one case, evident

|
\
in a mine tunnel several hundreds of feet in., Evidénce of ground-water
movement can be seen in pre-Tertiary rocks from observation of springs
on the eastern. flank of the Alabama Hills and at numeycus locations on
the lowar east flank of the Sierra Nevada. Usually the pre-Tertiary
rocks in the Owens Valley arxe not thought of as being water bearing.
The fact that secondary porosity exists in the form of the near surface
weathered layer must place these rocks in the class of aguicludes.
The actual quantity of water moving through the pre-Tertiaxy
structure is difficult to determine due to the randomness of the sscon-
dary porosity cracks. This quantity is undoubtedly small comparad to

the quantity of water transmitted through the alluvium and volcani

Older Alluvium

Lying beneath the present piedmont alluvial slope is a layer
of older alluvium deposited as the result of the degradation of the
Sierva after the original mid-Tevtiary uplift (Pakiser, 1964). This
period was one of relatively arid conditions as compared to subsaquent

glacial times. The alluvial cones formed during that time were probably

e
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individual and well defined, similar to the presant-day cones lying on
3 1% 7 J

the west gside of the White and Inyc Mountains (Knopf, 1918). This older

alluvium is generally believed to be more consolidated and consequently

!—k-

less permeable than the overlying vounger alluvium., This fact is known

[(3¥]



the result

th

permeability with depth is due to increased consolidation a
of disintegration and alteration of the comstituent ninerals, intensified
by aridity.

Depth to bedrock in the Owens Valley varies from section to
section due to the nonuniform nature of faulting. Gravity and seismic
surveys reveal from 5,000 to 8,000 feet of "undifferentiated Cenozoic
deposits' (Pakiser, 1964). In these are included the older and younger

-38-
from studies of othar alluvial fans (Toleman, 1937), The decrease of

|
fans. Wells drilled to depths of 500 feet near the toe of these fans
end in permeable strata, and for estimation of the ground-water reserves
stored in the fans, it is assumed that generally there is at least 500

feol of saturated unconsolidatred alluvium above the older fans. This

ervative estimate, but until more wells are drilled high

FJ)

may be a con:
on the fans, the exact depth to the older alluvium still remains unknown,

Lacustrine Deposits and Fine-Grained Sediments in the Valley Floor

=

Lake beds in the center of basins usually form aguifers o
secondary importance only. Even the extensive beds deposited in the
Pleistocene lakes Bonneville and Lahontan in Utah and Nevada are not
productive aquifers. Ancient lake beds may be important locally as in
upper Oyens Valley near Bishop, where stratified beds of pumice ov

"glass sand" pparently constitute the important aquifer. The conditions
are entively dissimilar in lower Owens Valley where the small specific

yield of the fine lake beds of the Quaternary Owens Lake results in only

very emall flows to deep wells. These differences were discovered by
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drilling and show the hetercgeneity in the same region where surfacze
examination indicates similarity in occurrence of ground water,

+

Occasicnally the gravels deposited by streams flowing down
the axis of the valley are of importance, as in upper Owens Valley near

Bishop; or they may be of little importance wheve deposits of limited

id down in channels cut in clay and silt, as

:_.;_

extent only have been la

in lower Cwens Valley, In general, the deposits of the valley floor

consist of at least B00 feet of fine silt and clay as measured In
borings It is for this reascn that the fines of the valley flocy from
the toe of the alluvial fans eastward, are considered as only semi-

pervious at best and do pot comstitute aquifers.

Pre-Tertiary Rocks

P

The only txuly non-water~bearing formations in the Owens
Valley aquifer system are the interior portions of the Cretaceous gvan-
ites and the metamorphoged sediments and voleanics., The lake beds and
clay deposits, even with extremely low Hydraum“c conductivities, mus

be considered as semi-pervicous formationg (aguicludes) and not imper-
b &

vious to the flow of ground water. The major importance of the nomn-

water-beavring formations is their effect upon the movement and direction

of the ground water and is discussed appropriately in the next section

11

entitled "Ceolosic structures affecting ground-water movementh
& 5 O

With the exception of near-surface features previously dis-

4

Neveda, White and Inyo Mountains,
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cussad, the major bodiss of the
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ated 'bedrock' ocutcrops are considered to be agquifuges and
g0l ‘

and i

therefore non-water-bearing.

Geologic Structures Affecting Ground-Water Movement

prominent Bedrock Qutcrop Features

Bedrock outcrops of varying size occur scattered throughout
the valley obstructing, or at least partially altering the path of the
moving ground water (Plate IX), Major outcrop features such as the
Alabama Hills, the Poverty Hills, and Crater Mountain seyve as large
scale obstacles which determine local flow patterns in their respective
areas.

The Alabama Hills and the Poverty Hills are similar in geologic
structure, both consist partially of Cretaceous granite and partially
of older metamorphosed sediments and volcanics. At best, the fractured
surface layers of these structures constitute aguicludes and extensive
faulting undoubtedly exists in their interior. On the macroscopic flow
scale, they act as definite hydrologic barriers to the moving ground
water, At.firsi glance, Crater Mountain located south of Big Pine
appcars to be a volcano of great height. Closer examination, however,
s poking out of the flanking lava flows.

reveals granitic ocutcro

I

The ma jor geologic structures affecting movement of ground

o the numerous faults cutting the valley aquifers (Plate IV}.
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Thege faults, for the most part, act as semi-pervious "dikes," partially

damming the flow on the upstream side thus creating a high ground-water




PLATE IX

Cretaceous granite outcropping through the alluvium
north of Big Pine.

Western edge of Poverty Hills (left center) showing
damming effect of ground water (high ground-water area
shown by arrow in center of photo).
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condition (sce Plate ¥). The reduced permeability probably occurs a
a result of the formation of clay minerals from alteration of the potas-
sium feldspars in the gouge zonme. The degree of impermeability varies
from fault to fault, and in general, the older alluvial faults appear
to be less pervicus than the younger ones.

Extensive research as to the nature of these alluvial faults
in the Owens Valley was conducted in the summer of 1968 in conjunction
with the Mackay School of Mines Of-the University of Nevada. Trenching
across seversl major faults was undertaken in order to obtain information
regarding their attitude and nature of the gouge zoue (s2e Plates X1 and
XT1). Close examination of the trenches cut in the 1872 fault scarps

north of Lone Pine reveal literally mo alteration of the constituent

]

minerals, and in fact the gouge zone 1s only a few inches wide {(Plat
XITT)., The most impressive feature of these younger fault scavps i3
their lack of.alteration. Except for minor weathering of the steeper
scarps, they appear as fresh and unaltered as if they were heaped up

by a bulldozer only yesterday (Plate XITI). Older faults such as east
of Independence and near Shepards Creek reveal "elayey' minerals domin-
ating the pouge zone which, in the case of the Independence fault,
measures 20 feet or more In width,

The ma;n areas of moving ground water affected by faulis in
the Cwens Valley can be geen in Plaée IV by studying the mapped north-
south faults in the alluvial-fan material. The alluvial faults appear
as an "en echelon" or "shatter" type pattern and are rarely seen as a

"

single breik., This "shatter' zone acts as a barrier to ground water




High ground-water condition caused by semi-pervious
alluvial fault near Red Mountain. (Note heavy phreato-
phyte growth on lower half of photo.)

North-south view along a semi-pervious fault south
of Big Pine (Red Mountain volcanic cone in center
of photo). Note high ground-water area in center
of photo (arrow) caused by damming action of the
fault,




PLATE XI

Lone Pine near Joe White gravel pit.

Aerial view of older mid valley fault after trenching
east of Independence near Citrus Road.

1
|
|
Aerial view of trench across 1872 fault scarp north of



PLATE XII

the north end of the Alabama Hills.

Close up of

above trench,
(Note seepage
of water
encountered
about halfway
up scarp.)

W ,g;ﬁ‘ : s

Dragline digging trench across the 1872 fault scarp at |
,  §§>“3_ .;"">:" AT |
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PLATE XIII

View from the top of an alluvial fault scarp produced
by the earthquake of 1872, Relative relief from point
A to B is 23 ft. (Photo taken NW of Lone Pine.)

Cross section through recent alluvial fault scarp (1872).
Note hairlime cracks showing no alteration in the plane
of faulting. Attitude of fault breaks dip 65° E.
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noving 8CTOSS it, as typically illustrated in the phreztophyte growths

. cmry b e 1
secn in the photographs of Plate X,

This paper proposes to utilize benefiecially the retarding

properties of these alluvial faults. An artificial recharge system

involving the gpreading the creek flow on the alluvial fans well up

gradient from these Faults, and then extracting the stored water through

, sust above the faults where umping 1ifts would be low, is roposad.
wells 3 ping s

By selectively spreading and extracting water in this mamnner, mna ¥ imiim

use and salvage of high ground-water areas could be obtained. The theory

o

of a well pumping in the vieinify of a semi-~pervious fault was developed
by the writer in conjuncition with this phase of the study and is dis-
cussed geparately in a later section.

The Owens Valley is still very active seismically and many
young alluvial fans, such as west of Lone Pine and Owens Lake, show ths

effects of recent faulting. Classic examples of these fresh fault

scarps can be seen throughout the valley.



General Water Supnly, Use, and Dispogal
=£ % T RUpBLY L8P

The Owens Valley, hydrologically speaking, is a closed basin.
All of the water entering the basin as precipitation within the water-
ched area is lost due to evaporation and transpiration within the bound-
aries of the basin, At least, such was the case in the felatively recent
geologic past.

The main arterial trunk stream which drains the valley no
longer discharges its cargo of mineral-laden water to Owens Lake, the

natural sink at the southern end. The lake no longer ssrves as an eva-

sin sending water vapor back into the atmosphere and hosting

jab)

porating b
the accumulation of vast deposits of mineral salts leached out of the
material of the outwash slope many years before.

Since the early 1900's, man has altered the hydrologic cycle

in the Owens Valley by exporting water from the basin.

Precipitation

The average annual precipitation im the Owens Basin varies
from 2 minimum of about 3 inches on the valley floor in the southerly
end, to over 40 inches near the top of the Sierra Nevada on the west.

Precipitation in the area occurs predominantly as snow, and over two-

thirds of the average annual precipitation occurs during the months of

November through March. Summer ~shower activity results in high

intensity yainfall but adds onl

[

» a small amount to the water supply of
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the area. Average anm 12l precipitation for the avea is presented graph
cally in Fig. 5. Frecipitation stations repres sented ave locatred in
Independence, Bishop, and at Haiwse Reservoir. Records of precipitation

of significant length are not available in the easterly portions of the

basgin, and for purposes of the water budget were estimated.

Surface Infiow

Surface inflow is confined to the tributary streams draining

the Sierra Nevada and to arterial trunk stream the Oweng River.
Surface runoif Basin occurs chiefly as the result of
the melting snowpack, (Phillips, 1963.)

The primary stream flow in the basin originates from the west

on the easterly slopes of the snow-laden Sierra Nevada., Only minor

amounts of runoff are contributed from the White and Inmyo Mounitaias
along the eastern side of the Owens Basin. With the exception of the

Owens River, all streams within Owens Basin originating in the Siexva

Nevada are generally short, and the magnitude of runoff in these streams

decreases in 2 morth to scuth direction., The total anmual quantity
of runoff in major stresms also decreases in the same general divection,
The values for the eveeks invelved in the water budget as well

nn them are presented in Table 1,

as estimates of the ungaged areas bety
Appendix I. These values of runoff are measured at the base of the moun-
tains wheve the cveeks enter the valley £ill. Where gaging stations were
not appropriately located, estimatas had to be made to azcount for stream

bed loss for the reach of stream cyrossing the alluvium.
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quality in Owens Valley is genarally good to excallent,
. water is predeminantly calcium bicarbonate in nature, Total dis-

The w2 %

solids average about 50 to 200 parts per million in the surface

golved

waters and about 60 to 300 parts per miliion in most of the aguifers.
Some pooy gquality waters do exist. For exanple, some springs

yield water with dissolved sclids of as much as 600 parts per million

and water from wells at Keeler comtain over 1,000 parts pev million.

Fresh Water Tmport and Expor
Water has been imported into Owens Basin, from Mono Basgin since

1940 at an average rate of 70.3 c¢fs. The import into the study area is

348 cfs for the base peviocd,
Export of water from Owens Basin has been occurring since com-
pletion of the first Los Angeles Aqueduct in 1913, The average rate of

export for rthe base period is 436 cfs.

Subsurface Inflow and Cutflow

The subgsurface inflow to the study area across the imaginary
line delineating the southern end of the Bishop injunction area (see page
is estimated to be 15 cfs. This is based on existing gradients in the
area and average trancmissivities.

There is no evidence to support existence of subsurface outflow

&

from the area scuth of Owens Lake., A bedrock bavrier consisting of pre-

Tertiary structures prevents ground-water outflow (Knopf, 1918},
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For purposes of this study it was necessary to determine the
consumptive use of water for various types of land use on the lands
overlying the ground-water basin. This consumptive use was broken down
into that on irrigated lands and that in areas of high ground water
sustaining phreatophyte growth. In addition, excessive spreading or
westing by evaporation was also delineated for the base period. These
values are summarized in Table 2 (Appendixz I).

In the Owens Pasin large areas are subject to high ground-
water conditions, conssquently a large portion of the water sopply is
consumed by evaporation and phreatophyte growth., This is the area of

reparding salvage operations., By a review of

frin
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considerable
acrial photographe of the area in conjunction with an exhaustive field
study, the large areas of high ground-water table can be distinguished
by a salt crust on the ground surface or by heavy vegetative growth
(Ray, 1960). 1In the entire Owens Valley ground-water basin, including
Owens Lake, it is estimated that as much as 200,000 acres have been
subject at one time or another to high ground-water levels (lee, 1912}.
The amount of water used by evaporation and transpiration from
areas of high ground water varies with the type of soil, plant growth,
and the depth to ground water. Under the conditions obtéined in the
Ouens Vailey area, this use may vary from 1 foot tc 4 or more feet per
year wheve the grounmd-water table is 6 feet to 1 foot, respectively,

verage depth to ground

03

below the ground surface (Lee, 1912), Where the



ie locs than 8 feet, a water use of 2,6 fest was calculated using
L8 8 ] &

watel

the empirical method outlined by Thornwaite (Table 3, Appendix I).

The areas of high ground water in the region weve plani-

metered from aerial photograpbs, The area presently sustaining phreato-

phyte growth in the study area occuples approximately 56,000‘acres,

This evapotranspiration loss amounts to a continuous flow of 200 cfs,

Water Budget and Safe Yield Detewmination

s

Using the data obtained from recovds over the base period
3

1937/38 to 1859/60 a water budget was computed for the area. Basically

the hydrologic budget is:

I =0 TAS
where : I = total inflow, both surface and subsurface,
0 = total outflow, both surface and subsurface.
AS = net storage gain, both surface and subsurface.
Since the net storage gain for both the surface and subsurface reser-

voirs over the base period wss considered to be zero, the hydrologic
budget reduces to Inflow = Outflow, The diffevent components of the
budget are presented in Table 2. The budget was forced to a balance -
by lumping the residual into unkaown seeps and springs in the ground-
water discharge term. This term was the most intangible of the Lerms.
The result of 221 cfs is not unreasonable, and in fact, represents
closely that which wes determined from the aerial photographs.
The safe yield of the basin, or more correctly, "optimized

safe yield" of the area, was obtained from the outflow side of the equa-

tion, mainly from the ground-water discharge term.
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Although the optimized safe yield appesars to be 221 cfg, the

v actual amount of water that could

T

¢

actual px icable safe yield or, th
be extracted from wells in this basin more than likely would fall into
the range oi 60 to 80 percent of this optimized value, or somewhere
hetween 130 to 180 cfs. .

An illustrative example of the hydrologic eyele in the study

area is presented in Plate XIV,

Ground-Water Movement and Storage

d-Water Movement

Dire tion and Rate of Grou:

1968 Vstatic' elevations of the ground-water surface were
obtained throughout Owens Valley, and equipotential and flow lines were
drawn on an overlay of the Geoclogic map (Plate XV).

From this plate the general divection of ground-waler movement

was discerned as mainly eastward in the southern Owens Valley avea, and

¥4}

the gradient seems to vary from 20 feet per mile mear the toe of the

alluvial fans, to 150 feet per mile farther up the slopes. The gradient

]
UL“

1

also varies from place to place throughout the valley due to the hetero-

.

geneoug nature of the formations, Control is noticeably lacking on the

3

western edge of the map, and the levels plotted here ave estimated from

n th

Jte

expected gradients

]

are

L)

For purposes of estimating the approximate tyansit time, it
is assumed that the "free fall' deep percolatiom in the vecharge areas
the fans is completed and unidirectional flow occurs in a Z-mile

Streteh west of the dise
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PLATE XV

AND DIRECTION OF
GROUND-WATER FLOW

IN OWENS VALLEY

Alabama Hills
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ajada, an apparent

o

I

From aquifer tests in the Independence-Oak

vidin

e

hydraulic conductivity is obtained by 4 z the regional transmissivity

1

with the saturated thickness penetrated in the observation well. DMore

specifically,

0/352 ¥ 1000 gpd/fc?,

o)

K = 3180
From Plate XV {(General water level comtours), the hydraulic
gradient in the Independence arca is measured as 20 ft/mi.
The actual geepage velocity is obtained by dividing the hypo-
thetical, or Darcian velocity, with the effective porosity. The effec~
£

he stor ies

ef

i pivi

oy

tive porosity for the region is taken as the average of t

obtained from the multiple»well field analysis (i.e. S = 0.01).
The travel time for a particle of water to reach the arsa of

discherge from the area of recharge, some 2 miles westward up the allu-

vial slope, is computed from the seepage or effective velocity asg follows:

A

]

t

rt
i

(23 (LO1) (7.48) (5280%) = 209 days
(1000) (20}

where: Ag = path length (2 miles)

: 6 = effective porosity (0.01)
K = hydraulic conductivity (1000 gpd/fr?)

- hydraulic gradient (20 ft/mi)

£
<.
<N
5
Y

The rate of movement in the veolcanic arecs can be similarly
obtainad, A transmissivity estimate of 838000 gpd/ft is taken as vepre-
sentative of the voleanics. (See aguifer test well 342,

The apparent hydrsulic conductivity is:

K = 838000/85 ¥ 10000 gpd/fr2,
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The hydraulic gradisnt in the veolcanic areas is me
plate XV as 40 ftfmi.

From grain size estimates, an effective porosity of 0.10 is
f

taken as representative of the region.

s
]

The travel time for a particle of water to traverse a 2-m

distance in the volcanic areas is:

t = (2) (.10) (7.48) (5280%) = 104 days

(100005 (40)

su of Ground-Water Resexvoirs

1

The individual ground-walter reservoirs comprising the study
area are showm graphically inm Plate XVI. The distinctions are based on
the best known hydrology and geology of the regions and represent sepa-

rate geohydrclogic entities,

Bishop Cone Injunction Area

The area shown on the map asg the Bighop Cone Injunction area

is not included in the study area and is discussed only as a boundary

0

area, The injunction resulted from a 1931 suit filed against the City
of losg Angeles by the Hillside Water Company of Bishop. As a final

outcome of this suit, there is no ground-water export from within the

boundaries of the injunction area shown on Plate XVT.

Big Pine Alluvium

The alluvial ocutwash west of the town of Big Pine is compli-

cated gesclogically by the presence of numerous north-south alluvial



PLATE XVI
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Thesa faults are excellent barriers to the movement of ground

fau lts.

their upthrown blocks (see

ater and produce high ground-water areas on
1are Xy, The main bulk of the fan was formed from aqueo-glacial out-
Pj_at; 1 =3

wash during Pl@LStOC@ﬂL time. Consequently, borings in the area reveal

many jntercalated mud flows; in fact, even in recent times spectacular

mud flows have been observed in the area just north of Crater Mountain.
The arca is comsiderably less permsable than the Bajada areas

farther to the south due to the amount of admixed clay and silt, at

least in the area of the aquifer test performed on Well 341,

Voleanics

Cratery Mountain - Fish Spring:

This area comprises the bulk of Crater Mountain on the north

o

and extends to the drainage divide near Red Mountaln on the south. The

arca is one of lava flows intercalated with alluvial deposits of fluvia-

tile and/ov aqueo-glacial origin. The wain aquifer In this area is the
recent lava flow {post-Tahoe) and associated pyroclastics. Water also
occurs in the alluvium overlying this flow, but by far the extremely
high yields experienced by wells in this area are due to the(porous
nature of the fToCthed basalt a*d cinders., Welle in the Big Pine
"string'" and near Fish Springs pump 5 to 7 cfs with relatively low
drawvdowns and no interference. Water percolating into the volecanics

via the alluvium discharges at the toe of the basaltic lava flows in

thi

s}

[93]

peripharal area, along the eastern edge of

large springs. I

l'f}

Crater Mountain, high yields to wells can be expected,
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Taboose~-Aberdeen Volcanics

——

™

The area shown on Plate XVI lying between Red Mountain Creek
on the north and Sawmill Creek on the south is known collectively asg
the Tabooge-Aberdeen volcanics., This area is eir milar to the Crater
Mpuntain-Fish Springs area in that there are lava flows intercalated
with alluvivm. The main difference in the two volcanic flelds is that
the Crater Mountain-Fish Springs Reservoir is centered mainly arcund
one main lava flow, Crater Mountain, while the Tabooge~Aberdeen Reser-
voir is centered in a multitude of flows, oviginating along fractuve
lines both at the base of the mountains and ip the middle of the out-
wash slope. Anocother difference between the two areas ig that in the
Taboose-Aberdeen area, evidence of the last two periods of volcanism
The main

ng.

o
o

5
pis

ra- and post-Tahoe) has bean uncoverad by driil
P p 4 P

kel

aquifer is the fractured basalfic lava and assoc iated cinders a
lapilli., "In this area very high yields are to be expected by drilling
through the upper lava flow, and the interbedded alluvial detyitus, to
the lower lava flow (sce aquifer tests - Well 342 and fig. 4). Undex-
lying the lower lava flow of prve-Tahoe~glacial age is encounterad a

thick sequence of lacustrine silts and clays deposited by the fresh-
water predscessor of Owens Lake when it inundated the upper reacnes of
the valley during zlacial times. It is not known how far west the

shores of this ancestral lake extended, but it is gemerally believed

that the pre-glacial alluvial cones were better defined than the present-

day omes and had their peripheral margins closer to the base of the

that the shores of the ancestral

mountaing, This tends to indicat
lake were also closer to the base of the mountains (Knopf and Kirk,

1918},



The wolcanic cones of the area are very well defined and

appear fresh and unweathared, Closer examination, however, revizals

!"‘r

that the processes of degradation are still taking place and have, in

(]

the case of Red Mountain, exposed the crude layered breccias making up
the internal framework of the volcano. Outwash from late Sierran
glaciation, along with the general alluviation processes, has partially

in this area giving a very disgjointed and incohevent

o

covered the flow
pictura on the ground, Photogeology coupled with aevial reconnmaissance
in the field have revealed a clear picture of the processes which

kB 0

formed the

]
o

abooge-Aberdeen arca, those of magma working its way up

through conduits in the earth caused by faulting.

jada Reservoirs

The area occcupving the slluvial fans between Sawmill Creek on
the north and the Alabama Hills on the south is called "Bajada Reser-

voirs" in this report.
The cienificance of these areas is that the ground-water
&

reservoirs occuvy true Bajadas, coalesced alluvial fans (Frontispiecsa).

gx)
!._.\
s}

ppear-

As the geologic name implies, the reservoirs take the gener

ance of broad aprons similar to each other in surface appearance, but

[

local

[m

aquifer tests have shown them to differ hydraviically. Burie

ru

bedrock features, faults, and character of the ancestral parent stream

all contribute to the heterogenelty of the Bajada Reservoirs. For

Others ig the presence of a 'shatter pattern' of semi-pervious alluvial

3
(4
s
]
]
]
n
Q
=h
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e
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-
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o
=
O
o
=2
Dy

faults near the lower edge of the fan pvoducin

zad



water and evapotranspivation loss {fig. 4). This area favors salvage
of high ground water more than others due to the existence of these
faults, (See section on ground-water recovery and salvage schemes.)
The actual depth of the Bajada Reservoirs is difficult to

deteruine accurately, but seismic and gravity profiles indicate that

there is at least 1,000 feet of unconsolidated alluviuam in this area
(Pakiser, 1964).

Deep wells mear the edge of these Bajadas encounter permeable
gands and gravels throughout theiy depth, and for purposes of estimating

reserves a saturated thickness of at least 500 feet is assumed,

back-Lone Pine Veneer Area

o

In this area, the overlying alluvium forms relatively thin

veneer over the underlyiang bedrock granite beneath. Evidence of shallow
bedrock was first oonfirmed from geismic and gravity surveys and can be
observed in the numerous granitic outerops poking up through the alluvium
west of the Alabama Hills. The depth to water is probably relatively
shallow, and several springs appear as the result of localized faulting.

The area has less value as a ground-water reservolr than the deeper

Bajadas to the north,

Lone Pine Alluvial Fan

This area is the result of outwash from Lone FPine Creek and
receives a considerable amount of recharge. The area is too small and

saturvated for any large-scale spreading operatiocns and would primarily




w6lim

favor pumping-salvage type operations of the high ground-water areas

only.

Owens Lake Peripheral Alluvium
The area located around the periphery of Owens Lake consists
mainly of small alluvial-fan deposits. On the west gide, where water
supply permits, reasomable yields to wells could be expected 1f loca-
tion and source of supply were carefully considered. This is basad
upon the agsumption that the hydraulic properties are similar to the
Bajada region., Fresh-water springs occur in and around Owens Lake,

indicating that a possible water supply exists on the lake's western

flanks.
Volume of Water Presently Stored in Underground Reservoirs
Only areas cla Lsed as aquifers are cousldered as having poten-

tial for underground storage. There is undoubtedly a vast amount of
water contained in the lacustrine sediments of the valley floor, but
due to the low hydraulic conductivitie G; this water is not considered
economically available. From analysis of the well logs in the aress,

+

it is assumed for calculations that there ig a il-

74

[}
5]

least 500 feet of

(a3

able satuvated thickness in the Bajada areas, and 100 to 200 feet in
the voleanie, alluvial veneser, and other areas,

The surface areas were planimetered and the storage computed

$h)

and summarired in Table 4 of Appendix I.

i

r‘!

The volume of water in storage was computed from the follows

equation:
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Asszumed saturated thicknesss in

w
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Storativity

[

An average storabivity of 0.0l was estimated by averaging the

from the multiple-well -field analyeis,

Hydraulic Chayacteristics of the Tndividual Reservoirs

Aquifer Tests

The aquifer tests used in this study consisted of pumping
well tests and multiple-well field analyses. A summary of the forma-
tion parameters obtained is presented in Table 5, Appendix I. The

test data is presented in Table &,

The pumping tests used in this study consisted of data collecte

=
i

from the pumping well itself, Due to the lack of proper observation
wells, interference data ccould not be obtained.

Due to this lack of interfevence data, the method of analysis
was restricted to step-drawdown theory. (Hantush, 1964.) Analysig of

the first step of the step-drawdown data was used to cbtain values of

1=

transmissivity (Jacob, 1946).
The artesian well theory was safely applied to the pumping

well test dats, as the correction factor (s?/ZDO) was imsignificant.

D
[a R

(Hantugh, 1964.) The denominator is defined as twice the saturat

thickn

(,J
(f\

1

41
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In the caseg of the punmping-well tests, the formation loss
and well-logs component of the total drawdown were differventiated.

N

Thesz values were graphically plotted against well discharge as an aic

to future ocperations.

Comment on Step-Drawdown Theory
In a pumping well, the obsevved drawdcocwn is compesed of two
parts. One component represents laminar resistance cf the formaiion

1

to flow, while the other component reflects the head leosgs associated
with turbulence
Jacob (1947) suggested that differentiation of these compo-

nents could be accomplished by assuming that formation-head loss wvary

as the fivet power of the discharge (BQ) and turbulent-head loss vary

. 2 , .
with the square of the discharge (€Q%), "B" and '"C" are constants
reprosenting well geometry and aquifer charactevistics.
Rorabaugh {1953) in a general treatment of the theory suggested

1

that turbulent-flow head loss vary as the "a'™" power of the discharge
(cQ™y.

The exponent '"n' in Rorabaugh's expression theoretically

[y

should never suvpass 2 {Jacob, 1969), and that in actuality, fully developed

s 11 1

turbulence in a "rough pipe' varies as Q1‘65 (Binder, 1962).

Values of n usually obtained from step-~drawdown analysis

Eypi cel v arxe mich higher than 2. The difference can be explained by
the assumptions necessary for graphical amalysis.

The constants "B and "C" in Rorabaugh's equation are in most

Cases noi comstent at all but vary as a function of aquifer transmissivity




.4 borehole geometry., For instence, the formaticn-loss "econstant'™ B

fosd

varies as W{)/4wT. The "constant™ C is a function of well geometry

o
th
cr
o
)
=
i)
f‘“‘
;‘.«I

and closely reflects packing arvangement in the vicianity o

Step-drawdown, or step-vecovery tests conducted on undaveloped

xr
wells, or on wells where dewatering apprecisbly changes the saturated

thickness, may lead to evroneous vesults,

7,

In the graphical curve-fitting procedure, the equation thus

OQ

derived is based on theory aloue. This equation assumes ideal coudi-
tions.
If conditions during the test were ideal (as in a fully

developed arteslan well) whera B and C actually rvemained constant, then

)

the physical meaning of the head loss could be explained in tewms of the
theory. Yoo often the oppesite situation is twise., Dewatering of part

of the foymaiion produces macro-geometvic changes in the well, Micro-

2]

geometric changes ocour as the result of rearvangement of the media
immediately surrcunding the casing.

For the thecretical equaticn to £it the field data, these

‘?

ted inito a vayiable, Since the

texm, a hypothetical drawdown equation is often created. In other words,
the theoretical well-loss term may not represent the actual wall loss

but an unrealistic value derived ags o result of insdequate theory,

- 1< m, n <2




From thes

lating pumping-well digcharge to drawdown must be

caution

In the wells

hese equat

obtained, T
a function of

higher than a

above

tegted in th

but the e

.

ot

o

s

study,

ficiencie

In one case (Well 341) the

obvicus that equations re-

interpreted with

valuesg higher than 2 weyve

ions are still wsgeful for predicting drawdown as

es obtained are undoubtedly

exponent n was found to be lower

than 1, This low value wag irterpreted as
and micro-geometric changes, common in the
Pumping Well Test, Well 342
Two sepavate pumping tests wers ¢
on March 9, 1966, and another on May 5, 196
The first test was conducted durin
when the total depth was only 245 fealt, C(Ca

from the surface down
agu was obtained,
and an effort was made
The sercond
algso made to determine
stant. The well was De
gravels, The lower aqu

ag much of the

tests is given in Table

165 feet, so thar

o
A step-drawdown
to calaulate the

ifer was left un
losszas as posel
5, Appendix I.

3

st

well

ing due to large macyro-

of a weall,

y Wall 342, One

B4
e

tire course of the d1ﬂlﬁ

I~
b}
@]

rated,
a true evaluation of the
was run consis

1 loss.

Iy,

r-bearing

in an effort to minimize

The

summary of all the

ng

lower



-69..
The well was fitted with a high-lift pump coneisting of 3
stages on a 12-inch coclumn, The bottom of the bowls was set at 157
feet. Power was supplied to the pump by an indugtrial gasgoline engine,
The speed of the pump shaft was monitored by using a tachometer placed
directly upon the exposed end of the rotating pump shaft, The discharge

v

ling "Measure Rite! flow meter installed in the

i

was measurved with a Spa

discharge pipe. A 1/4-inch pipe was run down adjacent to the pus

column and the upper end fitted with a pressure gage., This was used
to measure the drawdown in the well while the pump was on. In addition

test run, a test to deteymine formation constants

to the step-drawdow
was run by pumping the well at a high rate of discharge (7.9 cfs) for a
period of 12 hours. During regular intervals of this extended pumping,
wells were observed to record any change in their water

the surroundin

levels.

First, it should be explained that during the extended pumping

howed no measurable change in

1
ok
o)
w0
n

of Well 342, the suvvounding deep w
water level. It was hoped that a
mately 600 feat away, would reflect the pumping. This well is 83 feet

=}

decp and penetrates only a few feet of the upper aquifer. It may be,
since 90 percent of Well 342's yield was coming from the lower aguifer,
that this well did not represent an accurate reflection of ¢
metric head in the lover agquifer.

Without any observation~wall data, the formation congitants
(transmigsivity and storativity) could not be determined by standard

method znalysis. Due to the extremely fast recovery and stabili-

[N
43
&)
i
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gaticn of the watex level during punping, the nen-~steady-state methods
could not be applied. TIf one could obtain several reliable drawdown

measuremants before the water surface reached a steady level, an esti-

by Jacob (1947). But, due to the extremely fast stabilization of this

well, 1t would probably take a pump capable of 20 cfs to obtain thess

7

measuremnents, With the present pump {(rated at about 11 «fsg), dynamic

M

\
mate of the transmissiviity could be made using methods such ss discussed

equilibrivm wae attained within less than 30 seconds. Any intermediate
drawdowns could not be accurately made using the air-line method.

If a neavrby obeseyvation well weve available, close encugh to

could apply any of the equilibrium methods to

determine the transmissivity.

o~
o]
=
s}

19¢6.)
Considering the limited data available, the only way to c¢bfain

a transmissivity value was to sstimete it from the speci

(California, State Depertment of Water Resources, 1962), This is actu-
ally not a very consistent method zg the specific capacity (Q/s) decrease

with increasing dischavge while the tranamissivity is congtant
given aguifer.
warge value of 7 ¢fs, we see from fig, 6

Taking the average disc

f

o

¢ capacity (Q/s) is 419 gpm/ft., Applying the above procedure,

b

the spec
which is based on an empirical constant, the transmissivity is computed
to be:
(419) (2000) = 838000 gpd/ft.
Although the transmissiviity value had to be estimated from
the specific capaclty, an accurate measurement of the well loss was

ey o . : . 2 - - - - .
made Ly analyzing the data collected during the test.
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Briefly, this procedure ceonsists of a log ¢ plot of ”(SW/QmE)”
against values of the discharge, for assumed values of "B." The slope

of the best fit straight line through these points determinegs 'n-1," and
"(54/Q) - B intercept at "Q = 1V determines the value of "CY (see

fig. 7). The resulting drawdown equaiion for Well 342

where 1.1(Q) represents the head-loss conponent duue to the formation

. /)
regigtance, and 0.0967LQ)3"¥
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turbulence,
In fig. 6 drawdown was plotted versus dischargs for both
aquifers from data cbtzined in the May 3 test and again for the March

9 test., One can essily calenlate the contribution of the upper agui-

fer at any dise

the two spacific capacity curves for any cons

maximom discharge tested (11 cifg), this contribution from the upper
aguifer was only about 0.2 cfs.

From these two curves, the specific capacity (Q/sw) can be
determined. 1t ranges from 396 gpm/ft at the 3 cfs discharge to 165

gpm/ £t at the 11 cfs discharge.
Also in fig, 6, values of the formartion loss. 1.1(Q), divided

by the totzl drawdown in the well, sw, weve plotted against values of

the daqch~ rge, This is 2 divect measure of the efficiency of the well,
in other words, & wall that was 100 percent efficlent would have no

head 1oss due to turbulent flow, and the total drawdown observed in
5

the well would bhe that head loss which was cavsged by the lam




s, /Q-B , ft/cfs.
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20 WELL 342 ]

15 ]
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0.8 —
Drawdown Eq. s,=1.1Q+.0067Q>*

0.5 —
slope (n-1) i
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O.t15 l |
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Fig. 7 STEP-DRAWDOWN ANALYSIS
OF WELL 342



7

It ig intevesting to note that although the upper aguife:

contributes very little towards the total dis charge, ite parit in re-
ducing the well loss, or raising the efficiency, is very significant
By perforating the upper aquifer, the dischayrge was increasgsed only 7
percent, but the well efficiency was incre sad over 20 percent of the
original wvalue. This increase in eff

the increase in entrance area due Lo

aquifer. Increasing the enltrance avea
for the same discharge, thereby reducing turbulent flow losses.

Ancther aspect of fig. 6, that seems worthy of attention, is

the shape of the uppar el

can be writlien as:

If E vs., Q is plotted on arithmetic papsr, the locus is hyperbolic,

The shape of ¢

Well 341

ficiency curve. The efficiency (E) of a well

On Janwary 3, 1968, a pumping test was conducted on Well 341,

[

west of the town of Big Pine., The well was drilled for domestic suppl

to the town of Big Pine. Analysis of the test revealed that the well
was still in the developing stages and the values obtained should be
viewed accordingly. This test is illustrated to point out the necess
of testing only fully developad wells. A semi-log plot of recovery

in feat veysue time, after pumping stopped, is shown in fig. 8.

he upper efficiency curve in fig. 6 verifies this equation,
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A step-drawdown test was also performed pricr to the recovery

TR
(=)

o’
.

¥

as 9 and 10.

D

¢

test. The results ave summarized in figur

Well 344

e

On January 11 and 12, 1968, a pumping test was performsd on

well 344, Well 344 is located nesr Lope Pine and was dyilled to pro-

vide a source of supply for domestic use by the town of Lone Pine.
Five measurable observation wells ars located in the Lone Pine

area, However, the nearest of these wells was more than 1,000 feet from

ton well 50 feet south of Well 344

Well 344, Installation of an observe
wis attempted by jetting. Howaver, the observation well could not be
completed as boulders were encountaved at a depth of 20 to 30 feet.

t was performed over a two-day period,

The pump tes
On the first dav, as the proposed observation w2ll bhad not
Js F

been installed, 8 step-drawdown tes

in four steps at dischavges of 0.25
contirued from 9:30 a.m., to 3:38 p.m,

At 9:00 a.m. on the second day, pumping was resumed ab a rate
of 3,07 cfs, which was the maximum steady rate at which the genarator
ch3d pperate. Pumping was conbtinued at this rate until 3:30 p.m.

Water level measurements during the test were made by using
an electric sounding devics,

rst day and

from the

anﬂ 13.
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The step-drawdoyn dats

developed by Jaceb (1947), and the continuous pumping on the second day

ing the Jacob semi-log mathod,

in

was analyzed us

ltiple Well-Field Analvysis

In the treatment of problems iovolving multinle discharging

s

In this priumei

the total dyvewdown produced at

ot
-
[N
3]
"‘J
LE
=)
]
L
=F
e
n

time, is the algebraic sum of the drawdowns that would be produced inde-

endentiv by each wall pumping alone. Resulis of discharging well tests
P y y &= o Lo o

have verified this assumption, (Cooper and Jacch, 1948)

According to the principle of superposition, the drawdown, at
any time, at the point Xj, ¥; in a field of n we alls is:

' =Ast +AE +AST o+ AS) = z*f S G

w

denote index of wells in the field.

i
by

cre analyzed according to tha method

any point at a given

The equation for the partial drawdown produced at some loca-

where

the k well in a2 field of "' wells

nle




A G = The increment of discharge produced by the th a1,

JD

If the initial discharge of the well was zerc, then

A Q= Q-

L
n

. . . . th .
The length of the pumping peried of the k™ well pumping

at a constant rate Qk.

ryy = The distance from the k=" well to the point (Xi, Y ) at
: i
which the increment of drawdown is desired.

Dividing both sides of equation (3) by the total discharge of

n
the wzll field Q,, where Qn = 2 A Qk

regults in:

n
(s/«:s)'; = - (2.30/45T) 3, 5T/S)

N
iy
ey
£

E
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(o]

(L]
—
-

N
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|
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[t
-~
M3
o
e

The first tewn in brackets is the weighted logarithmic mean
of (rz/t) and can be thought of ag an indax of the contribution from
each well ip the field, This weighted logarithmic mean is rewritten

« . . T i8]
synbolically for simplicity as 10?(1 /f).w

Rewriting equation {(5) using the weighted logarithmic maan,

n n e e N -~
{S/Q)i = - {2.20/47 T4 log (r‘zz’f)i — log{2.257/%8) - (&)
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de of equation (&) ig the 'spe

drawn:

F

vl
{0
e
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The left hand s
(drewlown per unit discharge). Thus, equation {6) is the straight-line

hited logarithmic mean

oo,

o s n . u
plot of the specific drawdown (s/Q); vs. the wel

[ .
(rl/t)? on semi~-log papery.

The slope of the plot is 2.303, and the intercept of ths

at (s/QF = 0, is 2.251/5,

Tt is now readily apparent that the formation counstants of any

multiple discharging well field can be analyzed analagous to the semi-

By obtaining time-drawdown data, or time rvacovery data, from

vity and

ohservation well hydrographs, regicnal valueg of transmissi

storativity can be obrained,

Due to the lack of individus

this method wes choser to analyze the alluvial fan aguifers.
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The method of analysis is systemsticall

1, The puaping peviod from 1960 to 1967 was chogzen for analyeis

.
)
et

1ot

OISR

due to the uniformity of d4i

2, Hydrographs of key
were selected which represented the best reflection of the pumping.
3. The recovery portion of

measurement as thie implies & comstant discharge. (Jobmson, 1966.)

meters of specific drawdown end weighted logarithmic mesn (r7/L) (See
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5. The specific drawdown vs. hied logarithnic mean (£2/0)

6. The regional transwissivitles and steorativities wave

comptited by the following relations:

fe /Tt

—
1
—~t
™)
[&}}
o
\\
BN
=
[S——]
! .,
>
o
S
[
L
—
~
o
[n ]
(@]
w
(&)
]
(@]

S= 2257 /{r?/1), where (r®/1), is the

The above amalyeis, as applied to the Bajsda region, is graphi-
cally represented im figuves 14 through 21, A map showing

211 field analyses reveal imports

hydvanlic character of the region.

Tyransmissivities range from lows of 115000 znd 1456000 sod/ft
on the northern and southern sections respectively (Plate XVII), to highs

N
s
w

of 255000 and 318000 gpd/ft in the centwal regions. The differenc

attributed to local varisznce in saturated thickness

conductivity. Sei
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es vange from 0.004 in the Bairsg-Ceorges Creek

[N

Storativit

.

£ A R - PR T et g le ., ; *
section and incresmse to the north with the high value being 0.024 in

g

TH N J__Q,,_:,T_v. . T UL S A ¥ ey - kS . + T T 3

the Thibaut-Szwmill section, The magnitude of the storativiifies imply
. 5 e ST ] e 3 3 [ —

unconfined to sami pd agquifers with the average value being 0.01,

Well cuttings and driliers’ logs verify these values,
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DIGITAT, MODEL SIMULATION OF TiHE

The tec!

1

digital computer is becoming increasingly popular in gé@hydrologic
gtudies. This technique enables prediction of the fluctuationsg of the
ground-watey 1evel$ with any set of socio-pconomic rastyictions imposed
on the arsa,

The ability to estimate tha time -dependent fluctuation of

ground-wate - {evels at various locations in the basin under & wide

‘-

range of operating nditions is also a necessary requivement for reli-

I

GQ
lel
Q
=

able operational and econmomic basin mavpagement.
To meet this requivement in rhe Independence vegion, a mathe-
pe 2

lic properties

patical model was developed that could simulate the hydss
of the basin and thus enahle predictions of future ground-water levels
in this arvea. The Independence area was selectad out of the s
for its immediate importance in future ground-water cperation

in this area that a large num

it i alge in this area that the extiens

these Bajadas thet msximum effort will be made fo utilize underground
storags of ground water. -

Mathsma*lccl Model
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Az a future aid to the

linear wodel was developed, that is to say, one
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pared Io the total saturated thickness.

A genevalized ground-water equation delining the storzge,
transmissive, and water inflow-outflow characteristics has been developed

ifornia {(California State Department ol Walex

3"

o
1)

P

4]

i
<

]

Joemd
<

!c-l &
3

<3
jak)

and used ex

Resources, 1962}, The equation shown in Fig., 22 e stor-
ative and transmissive chavacteristics of any unit area of the gyound-

water basin., Fig. 22 also shows the velation of the items in the egua-
tion. The gymbol definiticns are as follows:
h: = water-level elevation associated with node 1, in feat,

elevation associated with node j, in feet.

The firsit term on the left-hand side of the equation is

the summation of flows batween a given

unit area and its surrounding aveas.  The second Lerm
£

-97-
, assumption proved valid, as the decline in watey level wes small cou-
\
\
describes the surface flow vate from the ground suxlface

e

into or out of the zone of saturation of the given unit

area, The rate of change in storage is given by the -
right-hand expression. A set of these differential

.

midpoint betweaen nodes i and

Lo
w




FLOW EQ: INFLOW—OUTFLOW = XCHANGE IN STORAGE
nj ‘ :
Differential hy— h;
Difference [( T) Tij Ju] + A;jQ; = A;SjAh;j/At
Equation T3
H net deep percolation A;Q;
= H Vo iMnode
i /
= =™ node d
/]

L~ ~ . ( Storage
s // Ah; 7 v Change

(Ahy/Bt)

Net subsurface INFLOW-—-OQUTFLOW from adjacent

: nodes
nj
AL TN Y
Lij ijvij
i=3

Fig. 22 SCHEMATIC DIAGRAM OF GENERALIZED

GROUND -WATER FLOW EQUATION
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arca at node j, in acre-feet .
year-acre
storage coefficient of ploygonal zone associated wit

The Independence Ground-Water Basin was subdivided iunte

led polygous, by using the Thisssen Method of polygon

subareas,

onstraction.

storativiis

through 1962/63. Also, hydro

fiuos

olygon based on measurements of recovded ground-

(See terms and definitions.)

nd the szzsonal

m

Surface hydrologlc data weve analyzed

-h
o]
]
-+
jm

el
o)
-
1uie
G
[l

n was determined

raphs of representative ground-

(9.3
&

tnations, during the same period, were preparad for

enzral steps taken in developing the mathemzitical model
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.
2
3
]
]
1

4, Once the parameters wWere Properly prc

was testad. The testing process consisted of matching water-level

rions genevated by the computer, with recerded water~level elevation

5. Based cn the information developed during the tes
pefLOd, flla1 verification was achieved when machine-computed water-

1evel elevations and vecordad water-level slevations matched,

As stated above, the entive Indepenc

Region was divided into polygons. In the compuier analysis, each

ed by a node. A 25.control-node network was used

polygon was vepreser

to gimzlate the bazin,

The detervmination of the sizes

was based upon var

storage, and water-level fectors, Geologic conditiong and structures
governed emplacement of the polygonal boundaries. On the westain peri-

phary the Sierra Nevade forms a bedrock bayrier. A drainsce divide in

the vicinity of Hoghback Creck marks the southern boundayy, The northern

end is bounded by bazaltic lava flows of the Aberdeen area. The eastern
boundary is delineated by a major morth-south alluvial fault., Internal
boundary conditions were dictated by geomorphology of the alluvial fang
as well as localized faulting. The final nodal network used for the

is shown on Plate XVITT, entitled "Nodal Folygon

Ground-Water Reservoirs.




5 PLATE XVIII

NODAL POLYGONS
OF THE
INDEPENDENCE
GROUND-WATER RESERVOIRS
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Results from the geologic investigation of the Owens Valley

wore usged to estimate

logs of welle located im the ares were analyzed to delineate the aquifer

aguifers,

types and to obfain estimates of the hydrauvlic properties of th

dvity values were assigned to all sides

o r‘
e

Storativity and transmis:

] e

of the nodeg. These valucs were est

edge of the area,

the

casure of the stor-

age Loy b
of the area (A) of the nodsl polygon times the average

Levels posaible
throughout the avsa reflecting the ground-water for tha his-

toric period 1938/59 to 1962/63. This peviod was

")

because of the extensive pumping in the avea, It was felt thet if this

recorded period could be matched analvtically, by the use of a digiral
compuitey, then predichions based om fhe calibrated paramcters conld be

acgepi

3 P
T b =
Lpied “Jmi =)

U



Testing the Reliability of the M
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Water levels were obtain whare pogaible and

thematical Moc

d of matchi

®

Testing of the model comsist

water-level elevatlons genevated by the computer witn yec rde

R

levels obtained from hydvographs, Although the initial

a

responsas from the computer

reasonably well in most arve there were deviations in some areds.

To obtain a closer match of the water levels in all areas, some of the

stor factors, bransmissive factors, and met deep percolation values
wore adjusted, based on reasomable limits ol the protolype. The
changes were made within limits of the reliability of the dats ugad in

porsted in the program

cally plotied, When the

imposed on the avea in an effort to obitain a feeling for the
ground-v Future oparsticue were imposed oo the model
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ercolation factor (A.0.) in the eguation wi
3 .
sent additional extractions by wells or v

ighment by artificizal rec

T
Daen

Threa saparabte operational runs ware impos od on the area.
D

Their results ave discussed separately im a subzequent section,
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The changes in

b=t~

D

i

yield data did not cause

This wes maivly due to the small differences in the water-level
J

tions between beginaing and end of the study period. Thus, the
values of storage faciers were not changed.

>

geologic condition of a rising mountain front contributing sedims

to obtain 2 vough balance of the area, Iue to

to the east for an extended period of time, dirvectional transmissivity

wags ascumed, The wask-




due to the

contribute to the dij

neceseitated the

0

tesh

model were alt

the arca in order to force a match with the recorded water-level eleva~-

those that actuelly existh

storativity and deep percolat
expected in the areas.

. e + - . 2, P
It is not to be said thzt by mathematical manipulation, ofhex

conbinations of

¥

not have ch would also produce a fairly accuvate match to

the data,

o
<
5
4
4]
{0
<
w
e
i
Ul
o
bats}

lation used in the calibration phase are shown in Table 7 (Appendix 1),



Multiple Well-Field Operation Based On
Com :

puteri:

sed on Fxisting Wells With no A

dence area, a S-year period was chosen that incorporated an exiensive

i

pumping program. It was felt that if this could be matched adequately,

-

£
s

then future spreading-withdrawal opervations could be imposed upon the

arvea with a This was done after

3

neters within practicable

trials which pare

Tables 8 through 11 of Appendix I are computer generated plots

2

of water-level elevation vs, time. The firet page of each table sum-

marizes the important operational data used in the run.
nodas were chosen out of the 25 node syshem
of importance as pum 0T 2

aYeas.,.

Selected modes Wl

The goal of the opevatiomal runs was to obtain estimates of
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1f & pumpln

node had a st

g
v

within a few years, with ressonable pumping lifits, this wag considsved

acceptable., Likewise, if in a spreadin

reac

430}

o

ched & dynsmic equilibrium state within seveval years, this also

was considered zconeptab

or rising watev levals ove

Monotonically dx

5

year period were considerad unacceptable,

1 ige

of the pumping or spreading should be made for optiwm
In the first opevation tun there was no leeway in adjusting
or spreading. But, in the last two runs adjustment was m
to optimize the pumping-salvage-spreading opavaiilons.

he graphs shown inm Table 9 ave self explanatory

the need for additional wells principally in nodes 2, 5, an
Plare increased spreadi
11, 12, and 13. In general, spreading facilities should be
closer to the base of the mountains to decvease buildup

near the toe of the fans,

Ne Pumpin

In this rum, the conditions of oparation run 1 were Imposat

.

¥ the s

n

SRR

In these cages, adjustments

of the basin.

for the first 5 years; and then in au effort to see the effect of 2

extremely wet years, the was
flow was spread continuously for 2 yezrs using & s

spread

storage
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parameters obtained lu the
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water areas planin

For this

practi

annual creek £low.

upon the locatioms of the pumpl

not be economically justified in nodes near

where 14if oxraed 1000 to 1500 feer., Likewise, increased extyac-

tiops in the lower regiocns of the fans would resulf in too high of a

arca ovey an exten

of water available




The usze of

of water resouvces

In the O

the form of extansive

large amounts of surface wvunoff if proper facilities could be made
available, Limited

A 1':; '('Jn

.

channal spreading
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£ underground

the field., By storing excessive runoff during wet

a reserve is created that is nol sub-

e G1e 1.3 o 5
problems of surface storage such as high evaporation
7011,

ensg Valley region, the underground reservoirs ave in

ich bave merged fogether

potential fov

exist, should be constructed, TIn conjunction, the construction of levees

to form shallow

be undertaken.

o 4 2 2 . T vy il o 1 ¥ +hea s A g, g
washout by high runcff rates is at a minimum., Many times, if the styeam




Mumerous alluvial fault

a

espacially proncuaced north o

h

Big Tine

(sce Geologic map, Plate IV). -An interesting feature of these faults

is their ability to retard the flow of ground water, This retarding
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on the upstream side of faults {(see Plate Xj.

Ideally, the stovage facilities iwn these alluvial fans could

prevent subsuvface runoff teo discharge as evapo-transpiration from the

toe of the fans,
The aliuvial faults in the Owens Valley could, and do to a

I

ter from

certain extent, serve as such barriers. By spreading the wa

PR |
sulinn a

years which, during oulad be 2 propay

System



the fault

Big Pine.

or drainage

s

stream sid

pumpin

styeam secticons

pervious

of flow of

following

ares between Red

(D

Another ares whi

With a controll:

During long pe
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the past, faulteg, have
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ram of this type,
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ally been

nature.

leakage
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Assumptions:
After the iwmitizsl transient has passed and th
gection 1 (Fig. 23) has attained an esseantially steady ox

state distributicn, then leakage will be induced across

~r
7
H
o
or
™
Ta¥
o)
i
o
=
)
o
:;

the well ai

lent upon the hydraulic conductivity

T

"gouge' layer (K'), the thickness of the layer (b') and th

T
)

level surfacs and

=

difference & batween the

This quasi-steady distyibution can be

tained by the conventia

of image well theory with the assumption that during the transient lowering

of the head in Szciion 1 before atitaining a steady-state

4 that duri

fault acts as a trus Darz

the lowering of the head in Section 1 can be deyed
for all practical purposes and the system will act hydr:

o
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a8 = L1 % coe (D)
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TIOW:

i%‘
¥

JTTIAL COb

i

—
o

s{z,0) = 0 N
RARY COMDITIONS:

s(e,ty = 0 A <) T Sle,p) = 0

ax

C ke 2800,0) oy K (5—-S(O,t}>
D

8s(0,8) N <5 -8 (gﬂ@) L.
9% - K

— = s~ oe{x,D) N )
3x? v
‘
- " L
applying initial condition (2) to (5):
o
948 - .
- = T g c .. (6
ax? Y
v conventional operator mebhods

1

solving (6

(0? - p/v)s = O

(D + /vy -/p/vds =0
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s = (., exp { - /;;/mu),E + C, exp ( + /@/ vy

Applying boundary condition (3) transformed

_ o
s =C, exp { - vO/IVix

-
\
R
.
.
.
P
)
—

)

applying (4) to (7) we hava

. 1t T S
35 (p,p) = - K/BT ( 5 - s(ogp)> — Coe - pIVK0Y (= /o)

5 - C] /;3/\: = pomstant with respect Lo X 80 . .

=
o
.
"5 }O‘J
H
Gl
s

and

putting in {7) we have

1

s(x,p) = &/ap { == ) emp (Y RIV)y
-,/p/\) v l/a

( - x /5?\: 3 .




inverting

a = /a

rearranging:

s{x,t) = &

SYMBOLS ,usad:

W

drawdown in BSectilon

KfR'/p' (L]

im

Sec

tion

1
i

hydravlic conductivity of aqui

hydraulic conduc

thickness of gou

time since initis

% /S0t

Vvi/a

i

- exp {-U2 + (U + X«I}2>

erfe (U




Fig. 23 is a graphical plot of the solution,

V5. 1/U2

parameter xfa. a
of the fault zone
the value of a = 0 implies that KXK' and the gouge layer
as the aguifer. A value of wfa- = 0.1 represents a ve
gouge layer as compared to the aquifer.
Application of this theory was made to the Geowvges Creck

Well (343). This was the first of the series of wells to be driiled
adjacent to fault lines, as proposed by the writer in 1966,

It may be of interest inm the case of this well to kunow how

growth is not sustained whep the depth to water

Becauge phs

drops below & ov 10 feetr {(Meinzer, 1827, the desired

ig chosan as 10 feet, It must be rewmembared that the purpose O nla

—t
0]

these weal

e
w
jAs)
[#2]
g~
o
=
{U
)
e
ok
]

close to these faults is not only to intercept the ground

water whare it ie temporarily impounded, but also to salvage the areas

these semi-

vial

the hydraulic conductivity of the alluvial gravels to that of the "claye

gouge mones is at least on the

Well 2342 is located approzimately 200 feat west of the fiv

s - - -
of a series of semi-porvious

woter in the area, creating an extansive belt of phreatophyte growth
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snce from well to fault =

Asgsumed thicknoss of gemi-pers

state to be establis

to exist

.
ential warey level across the fault o= 30 f
>3

Referriug to Fig. 23, {(plot of 5/%

values of st

]
. A T . .
Sipoe 1/U° = 4T¢/x"5 = 100, =olvin

200 ft.

the fault = 1000 fr.

sious fault, b' = 1 fr,

t, /& = 10/30 = 0.33,
= 1000 fr.

ve. 1/02 for different
a/5% = 0,23 and on the

Gy



This mesns

since pumping of the well began,

Thig value is a methematical estimate and will be compaved

A mathematicsal

wlekngass of

o
!!

P

b

O}
[

/,




SUMMARY AND COWCLUSIOHS

This report represents an attempt to explain the round-

ater bydrology of the southern Owens Basin. The main effort

B
o
)

i

oriented towards predicting the behavior of the hagin under vaviou

pumping and spreading conditions,

rrogravhic analyeis, were employed to obtain wore comprehensive
knowledge concerning the geclogy of the area.

e in the Owens Valley was studied with

)

f precipitation, evaporation, and runoff., This

[y
Q

regavd te the

knowledge was gained through the averaging of vecovds ovay a chosen

base pariocd,
The different ground-water vegions, or provinces, were than

delineated in the study area on the basis of all availeble geohydrologic

knowledge., Hydvologic familiarity with these diffevent reglons was
gainad through aquifer tests performed on differant wells and well fields

in the area, One major ground-water region was chosen for its immediate

importance in futuve aqueduct operations. The geohydrologic propertie

& particilay area wers simulatad mathema tically with a digital

O
h
o
I
a

computer., Future agu eduet anevations consisting of extractions, arti-
< 3

ficial recharge, and optinmum salvage of ground water were imposed upon




ors making up the hydvologic cycle in the study aree

into a hydrologic budget consisting of all inflow,

the im-

chanzes, From the balan

v the

.D

ground-watar safe yield

|
The vesults of this invastigation yileld the following con-

and are not considered aguifews,
3 .,
£F and 4s insiondfieant as foar 2s the warer supnly i X
runoff and is insignificant as far as the watey supply 18 concerned,

from pavcol

amognt of
alluvium and volcanics,

The eastern portion of the vallay yields swall amounts of ‘
The ground-waktey reservoirs
|
|

the form of springs,

F
LY L

forced to the surface by relative

3. Over 1 million acre-feet of gvound water is presently

stored in the val

,_...1
i
<
e



mined from gyo

The ground

in the well

of the ground-y

CHARGE-E

Pt g

area can be gained in a contvolled and

ereeks btributary to the areas. Extraction of the ground water is accom-
1ishad by of properly designed end developed drainage wells located
plish y prope g ; g

u.\

drainage well

Storarivities avarage abour 0,01 for

.\
tne




form of semi-pzrvious

3

r Ok

the effec

wise would comid

xcessive or surplus runof

smi-pervious fanlts

S

vy Y 1
oped walls

.
it

produce high

14 typically

5 ¢fs in the alluvial areas, to 7 to 10 c¢fz irn the voloanic



et of the valley., Deep wells preferably 1000

. R T TP T 2
1, preferably with well-logging

caloulated

PUMpPLIOE

=
i,

)
0]
il
(]

vrodug-

z kno

[ Tn
insight as to ground-water flow

hydrologie tool

and diach




. e
ares, Lrom UIens

pighop Cone on the north,

i A gomple o
progran should be undey? Storage of undewground water in the

Owens Valle

and technigues,
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TABLE 1

4

Ranoff Tributary to the Study Area (Base Period 1937/38 - 1959/460)

ttle Pine Craek 2
al 3290 5960
Creck 7880 13550
reek 4650 7900
ween Taboosz & Goodale 2860 2830
anyon Area 2690 4620
eek 3190 5020
reek 3030 6700
etyeen Sawnill & Divisgion 1070 970
: 1 Creak 4800 3650
Araen between Sawnill & Thibaut 4240 3110
Thibaut Creek 1550 1620
Area betwoen North Fork QOak 540 330
& Thibaut

North Fork QOak Creel 7230 7980

Aren betwen North & Scouth Fork Oshk 1180 630
South Fork Oak Creek 5170 5180
Area between South Fork Oak Creek 1570 830

& Independence Creal
Independence CUraek 7190 10240
Pinyon Cree 3020 2690
Area between Plovon & Synmes 14290 750
Syumes Creck - 4510 3120
Area between Symmes & Shepherd 160 90
Shepherds Creesk 8220 8050
Arca between 1150 700
i

™

& She

| North Fork Bzivs Creek 2510 1960
’ Area between North & South Forke 450 276
§ South Fork Bairs Creek 1890 1590
i Area between Georges & South Fork 1620 730
E Bairs
Georges Creck 5950 6180
Area between Georges & Hogback 1040 790
Hoghaol Creek 3000 2780
Area betwsen Hoghazk & Lone Pine 1290 920
Creek
Paponse Flat Arca 8320 560
Mazourka Canyon Area 38870 2430
Revinsd Ares 25040 1680
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TABLE 1

Lone Pine Creek
Tuttle Creek

Diaz Creek

Tubkin Cresl

Long John Canyon Avea
Carroll Creek

Area bhatween
Co L1019 0!
Area bets
Agh Creek

Cartago Olancha Aren
Fails~
Cervo Gordo Aves
Ceontennial Flarg
Vermiliion Canyon

Walker Summit Area

{(Comt.)

ARZA (acres)

10550
5180
4300
3940

18840
2070
4700

27100
1680
9540
2890
3490

12970

10360

50460

29910

15920
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TABLE 2

WATER BUDGET (Bishop Cone - Owens Lake)
for base periocd 1937/33 - 195%/60

Agpump

equals zero for the basc nariod,

i er. ) V\T
TNELOW cfs

Tribotzary inflow from creeks at base of mountains, 286

recipitation on alluvium and volca

R S Jon -5 [ PR S
Sutrface inflow imported (Dwens River at Zuvich Bridge IR 345
Subzurface inflow across so, bound. of cona. 15

TOTAL TNFLOW 731

QUITFLOW

Waste Gates {Owe 28

Surface outflow 436
Consumptive use of lrrigated lands, 16
Excessive spreading (water wasted by evaporation). 30

from areas
and seep 221

a.reas) .

TOTAL OUTFLOW 731

(e

TOTAL STORAL




Year 1965 Latitude  36°

Elevation lggagju_w Longirude 118

PE = (b/30)UTLE - Potential evapotranspiration
where;
AN a T L : 1 T
yeE =  1,6{(10%/1) - Unadjusted T

2

-7 . )
0 3. 771 %1072 T4 1.79 x 107 I + 0,49

[

a = 6.75 x
12

=t
il
=]

n
oy 1. 514
=y

n=1

i = {Tm/

Tm = mean monihiy &

JUN  jJUL ) AUG

69.6 [77.1] 75.8

v . G -y - Fo 5o 5 3 Bl o “ r - 2o » sy
T, in "C [6.28 7.506 9,89 112,28 (16,78 120,89,25,08 24,88 10,00 17.84110.00; 2.72

o B e i A o TR e T TN T 15 £ T £ S S e S i g = At

A
SRS

eplration in Area

101, N, M, lnst.

I= i 65,65

a 1.524 §

e -
107/ ,958 11.150 11.505 |1.870 |2.555 {3.185 3,815 3.790}2.895 2,718]1.524{ 0. 560

|

RSN Y AU NN USRS N S A I

(Low/xy® |,037 [1.237 {1.865 2,60 14,16 [5.857.70|7.62 [5.05 | 4.50 {1.3980.420 1

l

UPE in emp.50 11.98 [2.98 [4.16 6.66 [9.36 {12.32 12,19 {5.08 3.04 10,67

.56 ‘
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Drawd oI Time
s (FE) £{min) Comments
-1 €5 SADETL somments

81 0.5 60 Step~Drawdown Test
101 0.75 12

143 1.25 300

Recoveary Discharge Time
s(fo) . _Qlefs)

.

30.C 0.53 5

Comments

35.0 13 Recovery Tast Data
36.5 16
39.9 26
42,1 37
43.6 b7
45,3 67

47.0 - 0.53 97

Taboo

3

se Cresk

Discharge Time
_s(fo) {cfs) t{min) Commernts
AL AT LAmE) SOIHEL S

7.6 4,31 35

13.¢6 6,22 70 Step«Drawdown Test (Lowar
Aquifer)




Drawdown
s (L)

4.9

7.0
10.0
16.0
20,0
2.0
26.0

30.0

Drawdown
_s{fe)

5.31
11.06

23.0

Recovery

14.9
15.3

15.8

Discharge Time
JQfefs) Emin)

3.91 200
4,95 400
6.07 800

7.78 1200

8.62 1400
9.55 1900
10,05 2500

10.95 3006

Well 344 Tone Pine

Discharge Tima
50, Elmin)

1.54 140
2.30 280

3.03 420

Discharge Time
_Qlefs) Llmin)
3.07 10

20
60

90

3.07 390

Comments

Step-Drawdown Test (Both
Aquifers)

(Virtually Non-Measurable
Stabilization Times

Comments

Step-Drawdown Test

Comments

a

xl
4
.

town Data

Y
s

Time-D

5

-
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Node

Pldavoutiht

Computer Model Parameters
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TABLE 7

(Refer to Fig., 24 for node and gide location)

Aras
(acres) Storativity

6236 .10
4797 .025
3187 .05
3118 .10
3255 L0235
3735 .10
3906 L035
4214 .08
4317 .04
3851 . 025
3118 .05
2947 075
3159 .035
3015 .15
2501 .05
2022 .05
2645 025
2775 .10
2604 075
2810 .05
5208 .05
3906 075
4112 .10
3803 .10
2810 .05

Ve,

8508
3369
2886
9394
6476
5425
1855
1723
2345
4942
2567
1122

256

524

1022
3577

157
1093

1154

3320
3567
1533
4880
3997
6286

AQ

facre-ft/yr)

=
QWO 0~ O U N

R N R T P U T T S P R O O I O R N I e e T ol
DO I WR R OWOON LW EH DWW~ O U D W N
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Hydrographic years {(Oct. 1 to Sept. 3

All water levels taken on or about Novanber 1

Only the nodes with pumping or spreadiung are shown for simplicity.

Artificial Recharge

| Pumping By Spreading

NODE Acre-fi/yr Aerenfr/ye Comments

|

| All nodes 0 0 No spreading

No pumping

1959-60

2 191
8 5645
14 7047
17 938
24 1695

OO o O o

2 5226
3 17945
14 194836
17 - 32186
24 4370

No spreading
Mazimum pumving

[N eReleRe

8 7034 0
14 7275 0
17 1145 0
24 1614 0

No spreading

No pumping
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17

18

19

20

21

22

23

TABLE 2
OFERATION RUN 1

HYDROCRAPHIC YEARS 1968/69 - 1974775

PUMPING ARTIFICIAL
Acre-Ft/¥r _RECHARGE by spreading
(Acre-Fe/Yr)
5226 1119
2963
2552
17945
4009
371¢9
19584 2662
3216
. 269
€632
269
298
1015
1305

4370

COMMENTS

1007 of the

mean annual

creek flow
spread accorvding
to present divey-
sion patterns.

maximum existing
punping facilities
based on 1960-62
pumping period.
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HYDROGCPAPHIC YREARS 19568/69 - 1974/75

Note: Same as Operation Run 1 for lst 5 years

PUMPING ARTIFICTIAL

NODE Acre-Fr /Yy RECHARGE by spreading COMMENTS
RODm Acre-rt/rT = st 0¥ 8% 2 LOMALNLS

" (acre-ft/yr)

3 7975 for last 2 yus.

maximin recorded

4 19575 (low from creeks
, © spread in a
9 7250 selective pattern

to optimize
10 14500 storage.

11 7250 |
12 7250

13 2900

21 3625 no pumping
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-178-
TABLE 11

OPERATION RUN 3

HYDROCRAPHIC YEARS 1968/66 - 1974/75

NODE PUMPING ARTIFICIAL RECHARGE
Existing Wells New Wells by Spreading
—— Acre-ft/yx _Needed Acre-ft/yx Comments

2 52726 16283

3 5075 Optimizagicn of
spreading -

4 11600 extrachtions and
salvage of high

5 0 21509 ground-water araas

3 17945 ’ 3564

9 " 6000
10 4875
13 10150
14 118885 _1523
17 32i6 . 14283

18 ‘ 2000
19 | 1625
22 ) 1800¢
23 0 15508 4L0OGO
24 _4370 0 o
TOTAL 6% cfs 100 cfs 65 cis
SAFE YIELD = 113 cfs

SAFE YIELD -+ ARTIFICIAL RECHARGE =

bz
|
o
el
b
N

PRACTICARLE PUMPING 16

\O

£

cL

423
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