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HYDROLOGIC RESPONSE TO IRRI

GATION PUMPING IN HUALAPAI FLAT,

WASHOE, PERSHING, AND HUMBOLDT COUNTIES, NEVADA, 1960-67

By Jame

s R, Harrill

M’ R

ABSTRACT

This second appraisal of
was made Iive years after an 1
first report by Sinclair (1962
system under near natural cond
discharge to be on the order o
is lower but in reasonable agr
yield of 6,700 acre-feet deriv

Al graund—water developm
development is in the northern
the period spring 1960 to spri
storage depletion of 22,000 ac
1967 irrigation season was est
exceeds the estimated perennia

Pumping is both localized
with respect to natural discha

the water supply of Hualapai Flat
nitial reconnaissance study. The

) described the ground-water flow
tions and estimated recharge and

f 5,000 acre~-feet per year. This
eement with the estimated perenﬁial
ed in this report. :

ent to date and all prcpased future
half of the area. Pumping during
ng 1967 has resulted in an estimated
re-feet, Net pumpage during the
imated to be 7,400 acre-feet, which
1 yield by about 10 percent.

and asymmetrically distributed
rge; consequently, a large quantity

of water must be withdrawn from storage before the perennial yleld

can be salvaged,

A first approximation shows that before all

natural discharge in the valley could be salvaged by pumping from

the approximate 1967 area of &

evelopment, water levels at the

northern end of the development may decline 150 feet or more,

depending on the long-term bar

rier effects of bedrock boundaries

on the valley-fill reservoir and fault barriers within the

regervolir.

Thus, even though pumping is limited to the perennilal-

yvield rate, a local overdraft
discharge of Hualapai Flat is
discharge that can be profitab

the same general area as in 196

could develop before all the natural
salvaged. The amount of natural

1y salvaged by future pumping from
7 1s dependent on both economic

and hydrologic factors and cannot be precisely determined at

this time, The salvage probab
feet but less than the perenni

1y would be at least 4,000 acre-
al yleld.

A first approximation of the distribution of transmissibllity
suggests that values range from less than 50,000 gallons per day
per foot in the central and southern part of the area to more
than 100,000 gallons per day per foot in parts of the developed

area.,

The long-term storage coeffioient for the entire area




may average 12 to 13 percent, but locally may be as high as

20 percent in parts of the developed area.: However, the small
size of the valley-fill reservoir and barrier effects caused
by alluvial faults in the valley fill must be evaluated In
greater detail before meaningful predictions of water-level
changes can be made using these coefficlents.

Chemical quality of the water in 1967 was generally satisfac-
tory for irrigation, domestic, and stock use, except in the
vicinity of the playa. Over the long term, recycling of pumped
water and the possibility of migration of poor quality water from
beneath the playa could result in a gradual deterioration in
water quallity in areas of use. The reported decrease in yields
of a few irrigation wells could be caused by chemical encrustation
of the casing perforations, mechanical failure of the well,or mutual
pumping interference among wells.




- INTRODUCTION
Purpese?gpﬁ Scope

This 1s the second report on the hydrology of Hualapal
Flat prepared by the U.S. Geological Survey in cooperation with
the Nevada Department of Conservation and Natural Resources,
The first report (Sinclair, 1962) was a reconnaissance and
provided preliminary estimates of recharge to and discharge
from the valley. S

The need for the present study was expressed by the State
because of the extensive development of ground water for
irrigation since 1962. All development has occurred in the
northern part of the valley and water-levels have declined
rapidly in the area most heavily pumped. It was feared that
concentrated pumping might lead to conditions of local overdraft
at the north end of the valley. A potential overdraft for the
entire valley was possible because permits to pump grmund water
exceeded the preliminary estimate of perennial yield., Further-
more, the continued lowering of the water levels might ultimately
induce underflow of poor quality water from beneath the playa
and from the adjacent Black Rock Desert into the area of develop=-
ment. Therefore, the principal purposes of this report are:

(1) to reappraise the hydrology of the valley with special
emphasis upon the effects of the existing development; (2) to
predict the possible future effects of this development; (3) to
appraise the chemical quality of the water in order to provide a
basis for comparison in the future; and (4) to evaluate the
structural basin and, if possible, better define the outer
hydraulic boundaries of the system. .

To accomplish these objectives, this report includes: (1)
a reappraisal of the main elements of the natural hydrologic
system, including precipitation, recharge, subsurface outflow,
and natural evapotranspiration; (2) an estimate of the average
annual surface-water inflow to the valley and its distribution
within the valley; (3) a description of the ground-water reservoir;
(4) an estimate of the magnitude of depletion of ground water in
storage for the period of development, 1960-67; (5) estimates of
pumpage (1960-67), the available water supply, potential overdraft,
and effects of future development; and (6? an analysis of the
chemical quality of the ground water to establish a base for
evaluating changes in salt balance that probably will occur in
the future. ' ‘ : ~

Pield work began in November 1§56‘when all wells in the area

were canvassed. Intensive field work began in April 1967 and
was completed by November 1007, This consisted of measuring the

3.
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water levels in wells before and after the 1967 irrigation season,
making pumping tests and discharge measurements on wells, estimating
the annual pumpage and natural evapotranspiration, collecting water
samples to determine the chemical quality, and drilling 11 small-
diameter test wells in undeveloped parts of the valley. Surface-
water inflow to the valley was estimated from periodic streamflow
measurements made during the course of this study and from 11
months of record (February 1967 to December 1967) at a temporary
gage installed on Red Mountain Creek.

This reevaluation is consistent with the objectives of The
long-range cooperative program (Shamberger, 1962, p. 14) for the
orderly study of the water resources of Nevada, which provides
for detailed studies in areas covered by reconnaissance reports
. where moderate to substantial development has occurred and where
records are available through a continuing inventory over a pro-
longed period of time., '

ILocation and Genaral~Featurés

Hualapai Flat is a topographically <¢losed embayment on the
west side of the Black Rock Desert, about 20 miles north of
Gerlach (pl. 1). The area is principally in Washoe County but
also includes parts of Humboldt and Pershing Counties. It 1s .
bordered on the south and west by the Granite Range and on .
the north and northeast by the Calico Mountains. A low bedrock
ridge and alluvial divide along the east side of the area
separates Hualapai Flat and the Black Rock Desert.

The highest points in the Granite Range are (Granite Peak,
altitude 9,056 feet, and Fox Mountain, altitude 8,222 feet., The
hi%hest point in the Calico Mountains is Divislon Peak, altitude

8,491 feet. The lowest point in the area 1s the small playa in
the southern end of the valley, altitude about 4,000 feet. The
altitude of the playa surface in the Black Rock Desert, 4 miles
east of the alluvial divide separating the areas, is about 3,905
feet. The total drainage area is about 315 square miles, 50 of
which are moderately flat valley lowland. : e

Nevada route 34, a graded and graveled road, passes through
Gerlach, crosses the southern end, traverses the west side of the
valley, and extends on to northeastern California. '

Economic Development

Hualapal Flat, although small, is developing into a productive
agricultural area. Ranching was the principal occupation before
land was irrigated by pumping ground water, Cattle and sheep were
grazed on the mountain slopes and some alfalfa and hay were irri-
gated by streamflow and spring discharge. An unsuccessful attempt .

L!' ® . .



at dry farming was made by several families who settled in the
valley in the 1920's. o . ‘ '

- Large-scale development by pumping ground water began in
about 1961. By 1967 there were about 28 large-diameter irrigation
wells in the valley; about 20 were pumped for irrigation that
season. Alfalfa was the principal crop grown in 1967. About
6,500 acres of cropland and about 400 acres of meadow and pasture
have had permits issued for irrigation by ground water. Ag of
the 1967 growing season, about 3,400 acres of cropland were in
production. Figure 1 shows the location of wells and test holes,
areas for which permits to irrigate by pumping ground water have
been issued, and approximate acreages in production. Wells are
numbered as described in the section at the end of the report.

Lead-gilver ore was mined from the Leadville mine from 1910~
28. About 3,717 tons of ore produced a gross yield of $541,671
during the period 1910-25 (Overton 1947, p. 58). The mine was
closed in 1928 and has remained closed since. Some prospecting
has occurred on the west flank of Division Peak in the Donally
District where small amounts of gold occur in the quartz veins
which cut exposures of granodiorite and metamorphic rocks.
Vanderburg (1938) states that the total production from the area
is saild to have been about $90,000,

Interest in the potential geothermal resources of the area
has resulted in several exploratory wells being drilled in the
vicinity of thermal springs in sec, 1 and 2, T. 34 N., R. 23 E.,
and on the Granite Ranch at the southwest end of the valley.

No sources of steam suitable for power generation had been devel-
oped as of 1967. F P

Previous Studies

The earliest descriptions of rock types and structures in
the vicinity of the report area are by King (1878) in his report
on the exploration of the 40th parallel. Russell (1885) presents
maps of generalized structural features and a chemical analysis
of water from Wards Springs (sec. 1, T. 34 N., R. 23 E.). Most
of the area has been geologlcally mapped at reconnalssance level.
Bonham (1962) mapped the Washoe County portion of the area as
part of a master's thesis for the University of Nevada, and Wilden
(1964) mapped the Calico Mountains as part of a study of the
mineral deposits of Humboldt County. The southwestern part of
the area is being mapped at reconnaissance level by Mr. Donald
Tatlock of the U.S8. Geological Survey, who is preparing a geologic
map of Pershing County. Overton (1947) describes the geology in
the vicinity of the Leadville Mining Distriet, and the generalized
geology of the whole area is shown on a progress geologic map of

5.
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Nevada by Webb and Wilson (1962). L. D. McGinnis and W, W. Dudley
(1964) made a seismic profile along the alluvial divide which
separates Hualapal Flat from the Black Rock Desert.

~The only previous hydrologic study of the area 1s a reconnais-
sance by Sinclair (1962) which describes the hydrologic system
under near equilibrium conditions and gilves preliminary eatbimates
of recharge to and discharge from the valley. Reconnaissance
hydrologic studies of the adjacent areas were made by Sinclair
- (1963a, b) and Glancy and Rush (1968).

The c¢limate in Hualapal Flat is similar to that of other
valleys in west-central Nevada at altitudes of about 4.000 feet.
Precipitation is controlled largely by topography. Alrmasses
which move eastward across the State are generally deficient 1n
moisture, and areas at low altitudes commonly receive less moisture
than areas at higher altitudes. This results in semlarid conditions
in the valleys and subhumld conditions in the surrounding mountains.
Winter precipitation generally falls as snow from regional storms,
whereas summer precipitation is localized as thunderstorms of short
duration and high intensity. ,

No precipitation stations are in the area. The average ‘l'
annual precipitation at Gerlach (altitude 3,940 feet) for the
period 1913-66 is 5.46 inches (1952-57 precipitation measured
at Empire; no record 1958-62). Short-term records at nearby
Soldiers Meadows (altitude 4,550 feet, U-year average 1963-66,
6.74 inches), and Pahute Meadows Ranch (altitude 4,375 feet,
3-year average 1964-66, 5.53 inches) suggest similar values;
however, longer records must be obtained before significant
averages can be obtained. Average annual precipitation in
Hualapai Flat probably ranges from less than 8 inches on the
valley floor to 20 inches or greater in the Granite Range, which
receives the most precipitation of any part of the area.

~ Much of the precipitation at the south end of the valley
falls on the northwest flank of the Granite Range. Potential
evapotranspiration there is less than at the north end of the
valley, where the mountain slopes generally have a southerly
exposure. :

: Freeze data published by the U.S. Weather Bureau for
Gerlach, Empire, Pahute Meadows Ranch, and Soldiers Meadows
are shown in table 1. They may be used to estimate the
approximate length of the growing season in the study area,
which is determined largely by temperature and varies with the
type of crop grown. For example, a crop which experiences a .

6.
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killing frost at 28°F should have a growing season of 130 to 170
days in the study area while crops which are killed by the first
32°F freeze should have growing seasons of only 110 to 150 days.

The low topographic divide on the east side of the area
allows cool alr to drain to the Black Rock Desert. Consequently,

thermal inversions which may significantly effect growing seasons

in the lower parts of many valleys in the State, have limited
effects on development in Hualapai Flat.

Acknowledgments

Acknowledgment is made of the gracious cooperation of the
local residents of the valley in supplying data and permitting
use of their wells for pumping tests and water-level observations
during the course of this investigation. Wholehearted assistance
was also received from Federal, State, and local governmental
agencies. Most of the drillers!' logs and other pertinent data on
well construction used in this investigation were furnished by
the State Engineer of Nevada.




GENERALIZED GEOLOGY

Physiography

Land forms in Hualapal Flat are transitional to those found
in the Great Basin and those in the Columbila Plateau. Physlog-
 raphically, the valley may be divided into three major parts, the

mountains, the alluvial apron, and the playa. Shoreline features
of Lake Lahontan Pleistocene lakes are developed largely on the
alluvial apron, o - V

Mountains

The mountains that border the southern part of Hualapal
Flat are composed principally of granitic rocks and those that
border the northern part are composed principally of extrusive
volcanic rocks. The overall size and shape of the mountains
has been determined largely by uplift and warping assoclated
with large scale normal faults. Subsequent weathering and erosion
has produced characteristic topographic forms for each of the
two principal rock types.

Granitic rocks generally have weathered to a rugged topography
Internal structures, joints, and fault 2zones locally have had
pronounced effects on the topography. Drainages are typically
short with steep gradients. Volecanic rocks typically exhibit
less rugged topography with the upper surfaces rounded in a
convex shape. Talus slopes and columnar vblcanic palisades
are prominent locally. Drainages generally are longer, and have
more fully developed dendritic patterns and flatfer gradients
than in the granitic rocks. :

Alluvial Apron

The alluvial apron is the area of intermediate slope between
the mountains and the comparatively flat playa. It is composed
principally of coalescing alluvial fans, but also contains pediments
or areas in which the bedrock is covered by a veneer of alluvium.
Prominent outcrops of bedrock protrude through the alluvial apron
~along the west side and at the north end of the valley. Much of
the alluvium upslope from these outerops probably forms a compar=
~atively thin mantle over underlying bedrock.

Slopes on the alluvial apron decrease from greater than 200
feet per mile at the mountain fronts to only a few feet per mile
near the playa. Local relief may be as much as 25 feet, due
principally to stream entrenchment on the higher slopes and to
bars, spits, tuffa deposits, and eollan deposits on the inter-
mediate and lower slopes. , ‘ :

9.




Lake Features

That part of the area below an altitude of about 4,380 feet
was intermittently covered by the waters of Lake Lahontan (Russell,
1885) during Pleistocene time. Many of the resulting shoreline
deposits and features have subsequently been destroyed or buried
by the action of recent intermittent streams; however, high-level
shoreline features are prominent in protected areas at the north
end of the valley. A gravel-covered bar was formed between the
main mass of the Calico Mountains and the prominent bedrock
outcrop about one mile to the south (pl. 1). Bars and splts have
also formed between smaller bedrock outcrops along the low divide
on the east side of the area.

Playa

The playa occupies the southern part of the valley floor.
Its surface is nearly flat and covers an area of about 3,500
acres. Pine windblown material from the playa and lower slopes
of the alluvial apron locally forms small dunes and phreatophyte
mounds along the margins of the playa. The large sand dunes just
east of the alluvial divide betweén Hualapai Flat and the Black
Rock Desert and the phreatophyte mounds at the northeast end of the
playa have orientations which indicate that they were formed by
~material blown in from the Black Rock Desert.

Principal Lithologic Units

For the purpose of this report, the lithologic units in
Hualapai Flat are divided into two major groups on the basis of
their hydrologic properties: (1) unconsolidated deposits, which
form the valley fill, are highly porous, and commonly transmit
water readily; and (2) consolidated rocks which occur in the
“mountains and at depth beneath the valley fill, commonly have low
porosities and permeabilities and, except where high fractured or
altered by other secondary features, do not readily transmit
‘appreciable guantities of water. ‘

The six principal lithologic units used in this report are
presented in table 2, which was compiled largely from the work of
Bonham (1962) and Wilden (1964). The six units are: metavolcanic
and metasedimentary rocks, granitic rocks, volecanic rocks, older
alluvium, younger alluvium, and playa deposits. Distribution of
the units listed in table 2 is shown on plate 1.

Structural Features

Bonham (1962, p. 48) states that at least four episodes of
deformation are recognizable in the northern part of Washoe County.
The last period of deformation, which commenced in late Pliocene
or early Pleistocene time and is still in progress, is the most
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significant with regard to the hydrology of Hualapal Flat. During
this time, high angle block faulting, uplift, and tilting disrupted
the then existing surface of low relief and formed the present day
struetural basin. This basin was then intermittently occupied by
Pleistocene lakes and has been filled by alluvial deposits to the
extent that they now overlap the lowest part of the bedrock closure
and locally are continuous with alluvial deposits in the Black

Rock Desert.

The persistence of this period of deformation into Holocene
time is evidenced by faults in both the younger and older alluvium
at the north end of the valley (pl. 1). These faults may affect
the hydrologic character of the valley fill by (1) imposing some
structural relief on the lower surface of the valley-fill material,
(2) forming fracture zones in some of the bedrock that underlies
valley fill, and (3) forming near-vertical zones of poorly sorted
material along fault planes in the valley fill as a result of
movement. These zones may then act as relative barriers to water
movement across the fault and as such may significantly effect
the response to pumping. , ~

The direction of relative movement was determined along three
faults and is indicated on plate 1. Relative movement shown on the
fault crossing the alluvial divide was inferrved from bedrock dis=-
placement shown in an interpretative profile of seismic findings
by McGinnis and Dudley (1965, p. 32). ;
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VALLEY~FILL RESERVOIR

The valley-fill reservoir is composed of younger and older
alluvial deposits that partly fill the structural depression
underlying Hualapai Flat. Locally, these deposits overlap the
lowest parts of the bedrock closure and are continuous with
alluvial deposits in the Black Rock Desert. These deposits
contain the most productive aquifers in the area of study and
are considered to be the only ones feaslble for the large-scale
development of ground-water supplies. Consequently; the elements
of the hydrologic system are discussed in terms of their relation
to the valley-fill reservoir., :

Extent and Boundaries

The valley-fill reservoir is approximately 15 miles long,
4% miles wide, and has a surface area of about 68 square miles.
Bedrock surfaces of the adjacent mountains and their subsurface
extensions form the lateral boundaries of the reservolr, except
along parts of the east side of the area where alluvium provides
a conduit for some subsurface outflow to the Black Rock Desert.

The exact configuration of the lower surface of the valley
fill cannot be determined, but several deductions may be made
from existing data. Wells 36/23-36ab and 35/23-1bb encountered
"shale" at U450 feet and U441 feet, respectively. Wells 35/23-1bd,
35/23-23ad, and 35/23-26db encountered "hard black rock” at depths
of 368 feet, 301 feet, and 319 feet, respectively. These wells are
along the west side of the valley, which suggests that there much
of the valley fill is less than 500 feet thick. This contention
is further supported by the numerous fault traces in the alluvium
along the west side of the valley and the relative upward movement
on the west side of the fault in secs. 1, 11, and 14, T. 34 N.,
R. 23 E. (pl. 1). The thickness of fill in the north-central
part of the valley is probably greater than on the west side,
Reflection shots made near the northeast edge of the playa by
McGinnis and Dudley (1964, p. 33) indicated a thickness of 755
feet of unconsolidated material. The maximum thickness of valley
fil1l may be lesgs than 1,000 feet.

The alluvium along the divide between Hualapai Flat and Black
Rock Desert probably is underlain by bedrock at shallow depth.
A selsmic profile by McGinnis and Dudley (1964, p. 31) in secs.
28 and 33, T. 35 N., R, 24 E, and sec. 4, T, 34 N,, R. 24 E.
indicates that there the maximum thickness of alluvium is about
175 feet. This seismic work also indicated that Hualapai Flat
is a closed bedrock basin and that hydrologic continuity with the
Black Rock Desert is maintained by water moving through unconsol-
idated deposits overlying a bedrock "lip." During Pleilstocene
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time Hualapai Flat probably was intermittently drained by a
stream that flowed through this area to Black Rock Desert.

Coefficients of Transmisaiﬁi}itz and Sﬁarage,:

The coefficients of transmissibility, T, and storage, S,
express certain water-bearing properties of the valley fill.
Transmissibility is a measure of the capability of an aquifer
or reservoir system to transmit water. It is dependent upon
the permeability of the material involved and the thickness of
the aquifer. The coefficient of storage is a measure of the
amount of water that will be released from storage, within a
unit area, as water levels are lowered. These coefficients may
be used for computing drawdowns and storage changes caused by
pumping, or in the determination of subsurface flow. -

 Coefficients of transmissibility may be estimated from
specific capacities of wells, which are usually expressed as
vield in gallons per minute per foot of drawdown. Properly
designed wells in depositsg with high tpansmissibilities have
higher specific capacities than wells in deposits with low
transmissibilities. - f _ -

Two pumping tests, 70 minutes and 175 minutes in duration,

‘were made during this study. The values of transmissibility
determined were slightly more than 200,000 gpa (gallons per

day) per foot of aguifer in the vicinity of well 35/23-13aa,

and nearly 100,000 gpd per foot of aquifer in the vicinity of
well 35/23-25ac. Transmissibility values were also estimated
from nine sgecific capacities measured during the dourse of this
study and 18 commercially determined specific capacities. These
values provide the basis for the approximate distribution of
transmissibility in northern part of Hualapal Flat {fig. 2},

 The transmissibility values shown are representative only of that

thickness of the valley fi1ll affected by pumping. Additional
refinement may be required because of barrier effecﬁs\aauséd‘by
near-vertical zones of poorly sorted material along alluvial faults
and the proximity of bedrock masses to the northern part of the
developed area. ‘ -

No coefficients of storage were calculated; however, flowing
wells in the southern part of T. 35 N., Rs. 23 and 24 E. indicate
that there the horizontal permeability of the valley £ill is much
greater than the vertical permeability and that the flow system,
for short periods, will respond to pumping stress as an artesian
system. Artesian coefficients of storage typically have values
of less than 0.001. Short-term artesian coefficients probably
would also be obtained in some localities at the north end of
the development where semiconfined Q@m&itians~preﬁamiﬁﬁtea Over
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the long term, however, all deposits will drain slowly in response
to pumping, and the coefficient of storage will be nearly edqual

to the specific yield. Thus, in analyzing long-term cause-and~-
effect relations, the valley-fill reservoir must be considered

as a water-table system. S8torage coefficlents may be approximated
from the specific-yield values, discussed in the next section.

Specific Yield

The specific yield of a deposit with respect to water 1s the
ratio of (1) the volume of water which, after being saturated,
the deposit will yield to gravity to (2) its own volume, usually
expressed as a percentage (Meinzer, 1923, p. 28). Estimates of
specifidie yleld of the upper 50 feet of saturated deposits (pre-
pumping water levels) were made from descriptions in drillers' logs.
The deposits described were grouped into five lithologic categories,
which are listed in table 3. Specific-yield values were assigned

to each category, based on values determined by Morris and Johnson
(1966) for similar deposits, Some interpretation is involved

when working with drillers' logs: however, comparable results ‘
were usually obtained in adjacent wells. Observations made while
drilling 11 small-diameter test holes in undeveloped parts of the
area were used to supplement information obtailned from drillers'
logs. ‘ ~

The estimated specific-yield distribution is shown in figure
3. The zone having the highest specific yield underlies the same
general area of the alluvial apron as that traversed by the most
recent stream channels. Also, it is slightly east of fthe area
of highest transmissibility shown in figure 3. This suggests that
permeable sand and gravel deposits beneath the upper 50 feet of
saturation are more extensive on the west side and at the north end
of the valley. ‘

Storage depletions caused by water-level declines may be
estimated as the product of an area, a depth of lowering, and the
specific-yleld values shown in figure 3. Some of the alluvial
areas shown adjacent to consolidated rocks in figure 3 probably
contain only a small thickness of saturated material; discretion
must be exercised when estimating storage changes in these areas,

Source, Occurrence, and Movement of Ground Water

Virtually all ground water in the valley-fill reservoir 1is
derived from the infiltration of precipitation that falls within
the drainage basin. Most deep infiltration is from runoff and
occurs on the upper slopes of the alluvial apron; however, some
deep infiltration also occurs in the mountains where percolating
water moves through bedrock fractures to the zone of saturation.
During exceptionally wet years, significant amounts of molsture
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Talle 3,~~Specific yields af materials degcribed in driliers“lags

Lithologic category

bagsed on drillers' descriptions)
S R PR W ’

Medium and coarse gand
Gravel, gand and gravel

Band, pravel, and elay,
gravel znd clay

Fine sand, sand and clay,

Assigned -
epecific-yield valu@&/
(percent)

sandy clay, cemented gravel

Clay, silt, mud, muck

30
25

15

10
i

o

1. Assigned specificwyieiﬁ values based on Morris and Johnson (1966).
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may also infiltrate to the zone of saturation directly from
precipitation on the upper slopes of the alluvial apron and
in the mountains. i ,

Ground water occurs in the saturated parts of the valley
£i11 where it occupies the interstices present in the granular
clastic deposits and chemical precipitates. It is present under
both water-table and artesian conditions. Artesian conditions
oceur where the saturated permeable deposits are overlain by
less permeable strata and where the water at the top of the
aquifer is under greater than atmospheric pressure. Water-table
conditions exist where the saturated deposits are not confined
by poorly permeable strata and where the water at the top of the
zone of saturation, the water table, is under atmospheric pressure.

Artesian conditions were encountered in the southern part
of T, 35 N., Rs. 23 and 24 E., and around the margins of the playa
in T, 34 N., Rs. 23 and 24 E. Most wells flow in this area and
springs are present in the NE cor. T. 35 N., R. 23 E. Artesian
conditions also occur locally to the north where lenses of ailt
and clay partially confine the water in underlying deposits.

Ground water moves along the path of least resistance from
areas of high hydraulic head to areas of lower hydraulic head. -
The rate of movement depends upon the hydraulic gradlent and the i.'
permeabllity and porosity of the material through which water
is moving. Typical rates in this area probably range from
several feet per year to several hundred feet per year.

The horizontal movement of ground water in the valley fill
generally is parallel to the slope of the water surface. A
downward component of movement occurs in areas of recharge, and
an upward component occurs in areas of evapotranspiration. The
slope of the water surface is indicated on plate 1, which shows
contours of the approximate altitudes of spring water levels in
1960 prior to any extensive withdrawal of ground water by pumping.
Therefore, the contours indicate the general direction of ground=
water movement under natural conditions. The direction of move-
ment is perpendicular to the contours. In general, ground water
moves eastward from the principal areas of recharge in the mountains
and upper parts of the alluvial apron toward the bare soil and
surrounding phreatophyte-covered discharge areas in the south-
central part of Hualapai Flat and the adjacent Black Rock Desert.
The water-level ridge in secs. 29, 30, 31, and 32, T. 35 N.,

R. 24 E. may be due to a combination of artesian conditions in
the general area and zones of less permeable material or offset
masses of unexposed bhedrock along the planes of alluvial faults.

18.
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The markedly steeper gradients along the eastern boundary
of the area are attributed to a local decrease in transmissibility

pather than to large quantities of underflow. The steep gradients
are thought to represent movement of ground water through a cross-
sectional area of valley fill that is appreciably reduced by

the presence of bedrock at relatively shallow depth.

Figure 4 shows the approximate depths to water in the
spring of 1967. Depths ranged from more than 100 feet at the
northwest end of the development to within a few feet of land
surface around the playa in the southern part of the valley.
Deeper wells in areas of natural discharge near the playa commonly
flowed; however, shallow wells in the same vicinity generally
had depths to water of 5 to 10 feet. s
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INFLOW TO THE VALLEY-FILL RESERVOIR
Precipitation

Precipitation is the source of virtually all the water

~entering the hydrologic system in Hualapai Flat. Of the

precipitation that falls within the basin, part is directly
evaporated from vegetation or the ground surface, part runs
off as surface flow, part infiltrates to shallow depths where
it replenishes soil moisture, and part eventually infiltrates
to ghe zone of saturation where it recharges the ground-water
system. ,

Ground-Water Recharge

Observations made during the course of this study suggest
that, as in many other valleys in the State, much of 'the ground-
water recharge occurs on the alluvial apron and is derived
principally from runoff generated in the adjacent mountains.
Recharge also occurs in the mountains and moves as underflow
across the bedrock-alluvial contact to the valley-fill reservoir.
During wet years additional recharge may be generated on the
alluvial apron from high-intensity precipitation or snowmelt.

Average annual recharge may be estimated as a percentage of ‘I’
the average annual precipitation within the basin (Eakin and
others, 1951, p. 79-81). Hardman (1965) demonstrated that in
gross aspect, the average annual precipitation in Nevada is
related closely to the altitude of the land surface and that it
can be estimated with a reasonable degree of accuracy by assigning
precipitation rates to altitude zones. Thus, the recharge may be
estimated as a percentage of the precipitation within each zone.

Estimates of recharge for Hualapai Flat are gummarized in
table 4., Altitudes of the various precipitation zones were
approximated from a 1965 revision of the Nevada precipitation
map (Hardman, 1936) and are the same as those used by Sinclair
(1962) in nis reconnaissance study of the area. Total estimated
recharge from precipitation within the basin 1s approximately 7,000
acre-feet, or about U4 percent of the total precipitation. This
estimate may be slightly high because during most years some stream-
flow, which is potential ground-water recharge, flows down the
alluvial apron to areas of shallow ground water where 1t is consumed
by evaporation instead of infiltrating to ground water. This
is especilally true during high runoff years when some streamf low
ultimately rveaches the playa. '
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Table 4,-~Estimated average annual precipitation and

round=water recharge from precipitation

fﬁstimataém§ghhsrge :
: Estimated ar ; ~ Lon from precipitation
Precipitation zone Area Dange  Average  Average Percent of Acre~feet

(altitude, in feet) (acres) (inches) feet) acre~feet) precipitation per year

Above 8,000 1,200 520 1.8 2,200 25 550
7,000 to 8,000 9,800 15 to 20 1.5 15,000 15 2,200
6,000 to 7,000 44,700 12 to 15 1.1 49,000 7 3,400
5,000 to 6,000 150,300 8 to 12 ;- 40,000 3 1,200

Below 5,000 96,300 <8 ' 60,000 -

Total (rounded) 202,000 ~ 170,000 - 7,000




 Runoff

By P. L. Soule

The principal objectives of the surface-water section of
the study were to determine the amount of surface-water inflow
to the valley, the distribution of this runoff, and its seasonal
variation, ~

Streamflow in the project area is derived directly or indirect-
ly from storm runoff or snowmelt. The drainage system consists
of several major streams (pl. 1) and a number of small tributaries.
The higher sustained (perennial) flows are derived from the high
mountainsg in the western and northwestern part of the valley and
are the direct result of snowmelt that runs off in the spring or
that portion of the snowmelt that infiltrates into the soil mantle
and appears later as a lower sustained flow., ;

Runoff Charascteristics

Runoff is that residual of precipitation that drains from
the land after the infiltration and evaporation demands are met.
Runoff is defined as '"that part of the precipitation that appears
in streams." Most of the runoff in Hualapai Flat is produced
directly or indirectly from the melting snow from orographic
precipitation occurring on the mountains. Some runoff occurs as
a result of thermal convection storms, or thunderstorms, that
occur periodically in most arid areas, such as this, but the
significance of these events probably is small insofar as total
runoff is concerned.

The mountains to the north and west of the valley are
generally the higher yield areas, because of (1) the greater
precipitation and snow accumulations commonly associated with
altitudes above 5,000 feet; (2) comparatively low infiltration
rates through the commonly thin soil mantle that overlles low
permeability bedrock; and (3) steep mountain slopes. Some runoff
also originates on the alluvial apron but is of minor signifilcance.
Thus, nearly all runoff in the basin is generated in the 106,000-
acre area lying above an altitude of 5,000 feet.

The runoff from the northern and eastern parts of the project

area is very meager as a result of lower mountains and extensive
pledmont slopes with southerly exposures.
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- Gaging and Mea&uréng-Sitea

There has been no previous systematic collection of surface-
water data in the project area except for one crest-stage gage,
Sagth Willow Creek near Gerlach (10-3537.7), installed October
1902. :

One gaging station, Red Mountain Creek near Gerlach ;
(10-3537.25), was installed and records collected from February
16, 1967, to December 11, 1967. Additional periodic streamflow
measurements, or observations of no flow, were made at seven
miscellaneous streamflow measurement sites and 20 supplemental
miscellaneous streamflow measurement sites throughout the 1967
water year (pl. 1). Table 22 (at end of report) summarizes
these observations.

Streamflow

 The mountain tributaries are galning streams (increasing
in flow) until they near the bedrock-alluvium contact at the
mountain front. The low base flow is quickly depleted as it
flows down the alluvial fans. Higher flows are diverted for
irrigation as they reach the developed areas of the valleys.
The mountain front thus commonly represents the point of V
maximum flow of the stream, and the average annual flow at this
point is an index to the amount of water potentially available
for development. Most of the analysis presented is based on
runoff data collected at or near this point of maximum flow,.
Because streamflow varies in areal and seasonal distribution
from year to year, the pattern for the 1966-67 (fig. 5) water
year provides only a rough indication of the seasonal and
areal distribution that might occur any one year or over any
period of years.

Streamflow at each streamflow measurement site in Hualapal
Flat was synthesized for the 1967 water year using discharge
measurements made at that site, continuous records collected at
Red Mountain Creek near Gerlach, streamflow records collected
at gaging stations adjacent to the project area, and weather
records collected at Gerlach. These streamflow data were adjusted
to the reference period 1950-67, on the basis of records of
nearby gaging stations in Nevada, Oregon, and California, and
expressed as average annual streamflow (table 5).

Measurements were made at several points along the streams
to determine longitudinal variations in flow. Figure 6 shows
that for Red Mountain Creek the point of maximum flow migrates
during the year. It is farthest downstream during the seasonal
runoff maximum, then moves upstream as flow diminishes. This
generally is characteristic of the streams in the report area.

23.




Table 5.--1967 water-year adjustment to reference period 1950-67,
for stations adijacent to studgﬁarea

i "~ Reference period 195067
Flow, Average

\ 1967 annual Adjustment
Station : ‘ © water year flow to 1967

number , Station name ‘ (acrevfeetg(acrewfeat2 water year
10=3536 Kings River nr. Orovada, Neve 4,130 13,400 o 0.83
10-3537 Leonard Creelk nt. Denio, Nev. ‘ 3,584 "‘2,8GO~ f 0,79
10-3583 Willow Creek nr, Susanville, Calif. 31,360 23,000 0.73

10=3609 Bidwell Creek below Mill Creek nrs |

Fort Bidwell, Calif, 17,300 18,000 1.04
103660 Twenty Mile Creek nr, Adel, Calif. - 37,150 39,000 ©1.06
Average P e ? g o 0.89
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Table 6.-~Runoff-altitude relation used for Hualapai Flat

, Runoff in
Altitude cfs per sq mi
4 ,000-5,000 Trace
5,000=6,000 0.037
6,000~7,000 0.089
7,0006-3,000 0,222
3,000~9,000 0.407
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Table 7.--Estimated runoff of five major streams at m@antéin

front in Hualapai Flat for water year 1967

Estimated ~ ,
runoff at Acreage having
mountain surface water
~ front right
Name (acre~feet) (1966-67)
Granite Creek L 200 . - 748
Nock Creek 9260
Cottonwood Creek 540 528
Red Mountain Creek 1,300
Hegro Creel 230 ‘ o337
Total 3,300 913

1. TFiles of State Engineer, 11-15-67.
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Drainage arvea

Drainage area

Porcent of total

{acres) contributin drainape arvea Estimated average
Hot to runofk contributing annual runoif
Area Subarea Gaged gaged (acres) to runoff (acre~feet)
Granite Creek 1,541 290
1 Dock Creek 3,068 : 960
Remaining ‘ 14,980 9,894 £49 1,400
Subtotal 2,600
Cottonwood Creek 9,070 540
2 Red Mountain Creek 21,890 1,300
Remaining : 14,150 29,800 147 70 <
o
Subtotal 1,900
llegro Creel 26,710 230
3 South Willow Creek 14,410 120
Pemaining 23,190 47,510 23.5 350
Subtotal ; 700
4 Caine Springs Washk 11,670 80
g Remaining 18,78C 16,810 8e3 40
Subtotal 120
5 All - 19,330 438 C.2 2
& ALl e 23,670 1,565 6.6 8
Total 88,360 114,100 106,000 575 5,300
1, That area above 5,000~foot altitude.



'NATURAL OUTFLOW FROM THE VALLEY-FILL RESERVOIR

Natural outflow from the vall&yffill reservoir 1is accom-
plished by evapotranspiration in areas of shallow ground water
and by subsurface flow to the Black Rock Desert.

Eva Qtrana‘iratian

Natural discharge of ground water occurs where the saturated
part of the valley fill is at shallow depth, Discharge is
accomplished principally in three ways: (1) by evapotranspiration
~in areas of phreatophytes; (2) by direct evaporation from bare
soil where the capillary fringe extends to within a short distance
of the land surface; and (3) by evaporation of spring discharge
where the water table intersects the land surface, or where
artesian conditions cause ground water to rise to the surface.

The principal phreatophytes, as shown on plate 1, are
greasewood, rabbitbrush, saltgrass, and meadowgrass or native
hay. Some buckbrush, shadscale, and wild rye grows in localized
areas and hag been mapped in with the saltgrass, rabbitbrush,
greasewood assemblage. Some meadowgrass and native hay is
supported in part by discharge from flowing wells. Well 34 /23-24d,
drilled in 1962, flows about 440 gpm. All other flowing wells
in this area have flowed for longer periods. The concentration
of discharge by these flowing wells probably is partly compensated
for by local reduction in seepage and spring discharge. About
one-third to one-half of the annual water requirement of the
meadowgrasses and native hay is assumed to be supplied by
precipitation and surface-water flow. ;

Estimates of the natural evapotranspiration of ground water
are given in table 9. These estimates are based on rates of
consumption of ground water, as described by Lee (1912), White

1932), Young and Blaney (1942), Houston (1950), and Robinson
1965), The rates are about the same as those used by Sinclair
1962). 1Little information is available concerning the rate at
which ground water is evaporated from bare soil on the playa.
The depth to water is generally less than 5 feet, and the surface
typically has a porous, fluffy texture, Salt encrustations are
formed readily, and during hot dry summer months the ground
remalns moist to within several inches of the surface. An
estimated average rate of evaporation of ground water of Q.1
foot per year 1s used for both the playa and the sparsely
vegetated area of greasewood mounds and bare soll on the northwest
gige gf the playa where depih to water is generally greater than
eet.




Table 9.-~Estimated evapotranspiration of ground water

g Depth to wuﬁzwwimdm;mnwmnm iration
: , water Avea - Acre-feet Acre~
Phreatophyte assemblage or type surface Arveal density  (feet) (acres) pexr acre feet
mumﬁnwwwww%‘mﬂmmmmﬁdam and wawwwnwﬂcmmw Low to 5 t£0 35 13,600 o 0.2 2,700
some shadscale and sparse saltgrass = moderate ;
Principally saltgrass, rabbitbrush, mbummmwm ﬁQ <5 to 10 2,300 R 920
greasewood , some waﬁvwnzmw wild rye, low E
and mmmmmamwm :
Principally meadowgrass and native hay, e ‘ <5 2,100 ° al.0 2,100
some saltgrass and rabbitbrush , : L
Bare soil (playa) and adjacent area of - <5 to 30 5,600 0.1 _ 560 .
bare soil, spavse greasewood, and , ; ‘ mw
greasewood rounds ‘
Total (rounded) , S 23,006 6,300

2. mﬂbﬂmw nmﬂmﬁawwvam of water may range from 1.5 to 2 acre-feet per acre. About 1 foot is assumed
to be supplied by ground water (including spring awmnwmwmme the wmmwwmmmw is supplied by surface
water and precipitation.



The estimated annual evapotranspiration of ground water is
6,300 acre-feet, of which about 560 acre-feet is evaporated from
the playa and adjacent area of bare soil and low density greasewood.
These figures, although slightly higher, are in reasonable agree-
ment with the estimate of 5,000 acre-feet by Sinclair (1962),
which did not include evapotranspiration from the playa and
adjacent bare-soil, low-density phreatophyte area. ‘

Subsurface Flow to the Black Rock Desert

Underflow to the Black Rock Desert may be estimated by
assuming that most of the water moves through alluvial deposits
that have hydraulic continulty with the Black Rock Desert. .
McGinnis and Dudley (1964, p. 32) show that the width of saturated
alluvial deposits along the divide is about 0.8 mile and that the
average thickness of the deposits is about 120 feet. The trans-
missgibility of these deposits is estimated to be about 15,000
gpd per foot on the basis of their thickness, the probability
that a stream once drained Hualapai Flat through this part of the
divide (Mc@innis and Dudley, 19@53 p. 31), and the logs of U3
Geological Survey test holes 35/24-32dd2 and 35/24-33acl (table 21).
Plate 1 shows the hydraulic gradient across the divide to be about
30 feet per mile, Using the formula Q = 0.00112 TIW, where Q is
underflow in acre-feet per year, 0.00112 is a factor to convert
gallons per day to acre-feet per year, T is the coefficient of
transmissiblity of the alluvial deposits in gallons per day per
foot, I is the ground-water gradient in feet per mile, and W 18
the width of section in miles, underflow to the Black Rock Desert
1s computed to be about 400 acre-feet per year,

7 The magnitude of the underflow may also be estimated from
the quantity of natural discharge that occurs directly down-
gradient from the divide and above the Black Rock Desert playa.
Depth to water in this area ranges from about 10 to 30 feet and
greasewood and rabbitbhrush are the principal phreatophytes. The
overall areal density is low because sand dunes are prevalent
locally. About 4,500 acres of phreatophytes consume ground water
at an estimated annual rate of about 0.1 acre-foot per acre, or
about 450 acre-feet per year, which is in reasonable agreement
with the above estimate. Undoubtedly, some of the discharge is
supported by locally derived recharge; however, it 1s also
probable that some of the underflow from Hualapail Flat moves
beneath the phreatophytes and is discharged from the surface of
the Black Rock Desert playa.

Subsurface flow to the Black Rock Desert thus is estimated
to be about 400 acre-feet per year. Because the ground-water
gradient across the divide may in part represent the upward
component of flow west of the divide and because some additional
water may leak through fractured bedrock at the south end of the
Calico Mountains, this estimate may be conservative. Additional
information is required beforec a more accurate estimate can be made,
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EQUILIBRIUM CONDITIONS OF THE NATURAL SYSTEM

Prior to the development of ground-water supplles, the
hydrologic system of the valley-fill reservoir, for practical
purposes, was in a state of dynamic equilibrium. Over the long
term, recharge equaled discharge and no net change occurred in
the quantity of ground water stored in the system.

Water Budget

Table 10 is a ground-water budget which lists the several
estimates of recharge to and discharge from the valley-fill
reservoir under natural conditions. The estimated total average
annual recharge to the valley-fill reservoir of 7,000 acre-feet
is approximately 300 acre-feet more than the estimated average
annual discharge. Ideally, these estimates should be equal.

The minor imbalance 1s attributed to inaccuracies in the
assumptions made and to unresolved hydrologic factors as well

as the ﬁraviougly mentioned possibility that estimated recharge
(table may be slightly high because some potential recharg@
is evapsrated in areas of shallow ground water.

, The estimated annual runoff of 5,400 acre-feet (table 8)
appears slightly low when compared with the estimates of
recharge and discharge. This implies, provided all estimates
are reasonably correct, that although much of the recharge is
derived from runoff, a significant part occurs in the mountains
and moves laterally as underflow f?om the consolidated rocks
to the valley-fill rveservoir.
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Table 10,==Ground-vater budget, in scre-feet per year,
for equilibrium conditions in Hualapal Flat

i i SR o e i

E " Acre-feet
_Budget item : __per year
RECHARGE: ’

From precipitation (table 4) o o o ¢ s ¢ ¢ o o » ¢ 1,000
Total (rounded) (1) o o o s o o s s s ¢ ¢ o o 7,000
Evapotranspiration (table 9) « o o « s 5 s 2 » & o 6,300
Subsurface flow to the Black Rock Desert (p. 29) « _ 400

Total (rounded) (2) + s o s « o s o os o o s 6,700
G5 Y S 0 e e e e e e A 300
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CHENICAL QUALITY OF WATER

. Waters from 16 wells were analyzed during this study to
determine the quality of ground water as of 1967, to relate
variations in quality to the ground-water flow system, and to
determine suitability of the water for use. These &dnalyses
are listed in table 11 along with nine others made prior to
this study.. s

/ﬁaiatian to tﬁe:F1¢w Sys€em &

The chemical quality of ground water in Hualapal Flat
changes as water moves from recharge areas near the mountains
to discharge. areas near the playa. Water near the mountains 1s
typically a sodium bicarbonate. or calcium bicarbonate type with
a comparatively low dissolved-solids content. Dissolved solids
tend to increase as the water moves downgradient toward fthe playa
and Black Rock Desert, In these downgradient areas, water in
shallow deposits is generally a Sodium sulfate-chloride type
with a comparatively high dissolved-solids content. Locally,

- where ground water is rising toward the surface, accumulations
of the more concentrated water may overlie sodium blcarbonate
water of better quality. o S

In some places the above-mentioned trends are overshadowed
by local variations. For example, samples on the northeast slde
of the valley indicate that the water there is a sodium chloride-
sulfate type with a comparatively high proportion of sodium.

The exact reason for this was not determined; however, the
anomaly may reflect the differing composition of nearby bedrock.

Suitability for Use

Agricultural Use

The dissolved-solids content, the amount of sodium relative
to calcium and magnesium, and the concentration of substances
that may be toxic to plants are the most significant factors
affecting the suitability of water for irrigation. Four factors
used by the U,S. Salinity Laboratory (1954, p. 69-82) to evaluate
the suitability of irrigation water are listed in table 11, and
are discussed briefly in footnote 5 of that table. Boron, though
essential to plant nutrition in minor amounts, is highly toxic
to some plants when it exceeds certain limits. The recommended
limite for boron in water irrigating sensitive, semitolerant, and
tolerant crops are about 1, 2, and 3 mg/l (milligrams per liter,
which are equivalant to parts per million; see footnote 2, table

11), according to Scofield (1936).
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i.

Table 11 shows that all samples from large-diameter
irrigation wells, except that from well 35/2l4-6cc, had low
sodium hazards, medium salinity hazards, and residual-sodium-
carbonate values less than 1.25. The sample from well 35/24-6cc
had a high sodium hazard, a medium salinity hazard, and an
unsuitably high RSC, which suggests that some future treatment
of the soil or the water may be necessary to alleviate the
accumulation of excessive amounts of sodium in the soil,

The boron content of all sampled irrigation waters from
Hualapail Flat was less than the amount that might be harmful
to semitolerant crops. Water from well 34/23-2da in the thermal
spring area had a boron content of 2.1 mg/l and is thus classified
ag doubtful for purposes of irrigating semitolerant crops.

Most animals are more tolerant of poor water than man,
Although available data are somewhat conflicting, dissolved-
solids contents below 4,000-7,000 mg/l apparently are safe and
acceptable (McKee and Wolf, 1963, p. 112-113). Thus, all
sampled water within the study area is sufficiently dilute
for livestock. However, the high fluoride concentration in water
from well 34/23-2da, in the thermal spring area, suggests that
some undesirable effects might result from sustained use of this
water as stockwater, :

“Domestic Use

The U.S., Public Health Service (1962, p. 7-8) has formulated
drinking-water standards that are generally accepted as a guide-
line for public supplies. The standards, as they apply to data
listed in table 11, are ag follows:

Recommended maximum
concentration (milligrams

Constituent ,  per liter)
Iron (Fe) ; 0.3
Sulfate (saa;_ 250
Chloride (C1 : 250
Fluoride éF) 1.28/
Nitrate (NO3) 45
Total dissc%ved solids 500

a. The optimum concentration is about 0.9 mg/l.
Water contalning more than about 1.8 mg/1
should not be consumed regularly, especially
by children. ‘

Most of these are only recommended limits, and water therefore may
be acceptable to many users despite concentrations exceeding the
given values.
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Among the listed constituents, excessive diron causes
staining of porcelain fixtures and clothes while large amounts
of chloride and dissolved solids impart an unpleasant taste,
and sulfate can have a laxative effect on persons who are drinking
a water for the first time. Excessive fluoride tends to stain

teeth, especially of children, and large amounts of nitrate are

dan

erous for infants and pregnant women because of fthe possibility

of %bluembaby“ disease.

The hardness of a water is important to many domestic users.
Therefore, the U.S. Geological Survey has adapted the following
rating:

Hardness range

(milligrams per liter) Rating and remarks

0-60 Soft (suitable for most uses
without artificial softening)
Moderately hard (usable except
in some industrial appli-
cations; softening profit-
able for laundries)

61-120

Hard (softening required by
laundries and some other
industries)

121-180

‘m

More than 180 Very hard (softening degirable

for. most purposes)

The bacteriological quality of drinking water also is
important, but is outside the scope of this report. If any doubt
exists regarding the acceptability of a drinking-water supply;
contact the Nevada Bureau of Environmental Health, Reno.

- At the present time (1967) less than 10 families use water
obtained from the valley-fill reservoir. The chemical constituents
of all samples from irrigation and stock wells sampled during the
course of this study are within the permitted limits for domestic
use, Water from well 34/23-2da in the thermal spring area had a
fluoride content of 7.9 mg/l, which substantially exceeds the
recommended limit. ‘

Possibility of Chemical Encrustation

A reported decrease in yield of several wells may be due in
part to the formation of encrustations on the casing perforations.
The term "encrussation” is used to describe any undesirable
substance deponsited on well parts. This includes corrosion pmductsg.
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minerals precipitated from the water, adhering materials from
the geologic formation, or bacterial growths (Clarke, 1966, p.
371). Changes in chemical equilibrium resulting from flow of
water through screen openings and up the casing can cause
separation of minerals such as calcium carbonate and iron
carbonate if the necessary constituents are present in critical
concentrations. Even a slight change in concentrations or pH
can trigger deposition reactions in waters that are saturated or
supersaturated with troublesome minerals. Precilse and detailed
field measurements are required to determine whether corrosion
or encrustation is occurring in a given well. These measurements
were beyond the scope of this study. If future decreases in
yield cannot be satisfactorily explained by mechanical fallure
of the well, mutual interference among wells, or declines in
water levels, a detailed field study of possible encrustation

may be warranted.
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IRRIGATION DEVELOPMENT
History

Tnitially, grazing of sheep and cattle was the principal
occupation in the area. Some hay and meadowland was irrigated
by streamflow and spring discharge. An unsuccessful attempt at
dry farming was made in the 1920's by a number of families that
settled in the valley. During that period and in the 1930's hay
and alfalfa were grown intensively and with some success on the
Granite and Fly Ranches in conjunction with cattle grazing
operations, : v :

The first large diameter irrigation well (35/23-24ab) was
drilled in 1951 in the northern part of the valley. No additional
irrigation wells were drilled until 1960 when intensive efforts
to develop land were begun. By the summer of 1967 about 28 large
diameter irrigation wells had been drilled in the northern part
of the valley and 20 wells were pumped for irrigation during
some part of the 1967 growing season. geveral flowing wells have
been drilled in the hot spring area and about 10 flowing wells,
which are used for stock, domestic, and limited irrigation
purposes, have been drilled in the northern part of T, 34 'N., Rs.
23 and 2 E., and the southern part of T. 35 N., Rs. 23 and 24 E.
Virtually no attempt has been made to develop ground-water supplies
in the southern part of the valley where much of the acreage
suitable for cultivated crops can be irrigated by surface water,

As of November 1967, permits to pump about 26,500 acre-feet
per year from the subsurface have been issued by the State Engineer.
All of these permits are for areas in the northern part of the
valley.

Crop Types, Acreages, and Consumptive Use

The principal crops that have been grown commercially are

alfalfa, small grains (wheat, barley,
beets.

and rye),

hay, and sugar

did not prove successful.
acreages that have been irrigated

1960 are shown in table 12. Sugar
than alfalfa; conseguently, sugar beets have no
since 1965, Alfalfa was grown on about 85 perc

A small acreage of sunflowers was planted one year but

The principal crop types and approximate
by pumping ground water since ,
beets have proved less successful

t been raised
ent of all land

irrigated by pumping in 1967. This p
increase in the future.

The consumptive-use rates shown

information in Houston (1950) and Bla
The use rate for alfalfa is slightly
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Houston for the northwestern desert area, because a consumptive-
use coefficient of 0.5 was used for periods of relatively slow
growth before and after the frost-free period (Blaney and Hanson,
1965, p. 25). 1In an average year, three cuttings of alfalfa

are obtained. ~

Estimated Pumpage 1960-67

Estimates of pumpage for the 7-year period 1960-67 were
made from pumpage inventories, crop acreages, and number of
wells considered to have been pumped in a given year. Approxi-
mate crop acreages are available for 1960-67. A pumpage canvass
was made in 1967 as a part of this study, and information
concerning 1966 pumpage was obtained from the State Engineer.
Partial reports of pumpage in other years were obtained from
local residents, :

- That part of the total pumped water that is consumed by
crops or lost by surface or spray evaporation and that part
that is recirculated (returned to ground water) varies with
each field, depending on the method used to distribute water,
the degree of efficiency with which the method is used, soll
texture and permeability, land slope, and other factors. The
principal methods used to distribute water in Hualapai Flat
are by gated pipes and by sprinkling. During the 1967 growing
season, seven wells pumped through sprinkler systems, several
wells pumped into open ditches, and the remainder pumped water
through gated pipes. In general, as compared to other methods,
sprinkling tends to reduce the percentage of the total pumped
water that is recirculated and to increase the percentage of the
total pumped water that is lost to spray and surface evaporation.
For purposes of computation, roughly two-thirds of “the total
water pumped is assumed to be consumed by crops or lost by spray
and surface evaporation. The remaining one-third is assumed to
be recirculated, or returned to ground water.

Table 13 lists the estimated gross pumpage, net pumpage,
and cumulative net pumpage for the 8-year period 1960-67 inclusive.
The estimated net pumpage for this period is 28,000 acre-feet, one-
half of which was pumped during 1966 and 1967. The gross pumpage
is about 42,000 acre-feet of which an estimated 14,000 acre-feet
has been recirculated. The estimated cumulative net pumpage
for the seven growing seasons of the study period, beginning

spring 1960 and ending spring 1967, was 21,000 acre-feet.

ho.
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Table 13.~~Estimated pumpage, 1960-67

lghl estimates, in acre~feet, rounded to twm'signifisant figur@é?

o ~ Gross ‘ Eetk , . Eumuiaﬁi@é
Yeax pumpage ~Egﬁgggg§/‘ . net Euggagﬁé/
1960 520 350 | 350
1961 2,200 1,500 ; 1,500
1962 3,400 2,300 4,200
1963 4,500 . 3,000 . ?,zda
1964 . 5100 3,400 11,000
1965 | 5,400 3,600 . 14,000
1966 | 9,900 6,600 21,000
1967 ; ‘ ”EE;SESV ‘ ‘mz:ﬁgg . 23,@9?
Totals (rounded) 42,000 ‘, 28,000 28,000

b

1. Net pumpage is sosuned to be roughly two~thirde of gross puwpage.
2, At end of growing season,
8, Cumulative net pumpage for study period spring 196Gwspring'1967 (see
tables 16 and 17). Because virtually no pumpage occurred during winter

months, cumulative net pumpage at the close of 1966 punping season
remained about the same through spring 1967. :
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EFFECTS OF PUMPING ON THE GROUND-WATER SYSTEM

As mentioned before, prior to any pumping and over the
long term the ground-water system was in a state of dynamic
equilibrium where recharge equaled discharge and the guantity
of water in storage remained constant., Pumping creates an
imbalance in the system where total discharge (natural discharge
plus pumping) exceeds the recharge. Consequently, water is
withdrawn from storage and water levels decline until natural
discharge is reduced sufficiently to bring the system to a new
equilibrium where recharge equals a reduced natural discharge
(sometimes to zero), plus net pumpage. However, if net pumpage
plus natural discharge continually exceeds recharge, water
levels will decline indefinitely and a new equilibrium will never
be reached. :

Irrigation pumping in Hualapail Flat occurs in a cyclic
pattern. Virtually all pumping occurs between April and October
with heavy pumping concentrated from June to early September.
Cyclic pumping produces seasonal water-level fluctuations which
are superposed on the above-mentioned long-term trend of storage
depletion and water-level decline, Water levels typically
decline during the pumping season, reach their lowest points
in the late summer, and when pumping ceases recover (rise) during
the fall, winter, and early spring to a level slightly below
that for the preceding spring. These fluctuations are most
pronounced in the well field and diminish as distance from
pumping increases. (Generally, in other areas having properly
spaced wells, extensive aquifers, and moderately high trans-
missibilities, the seasonal response to pumping is much less
significant than the cumulative changes that occur over the
long term, : '

However, in Hualapai Flat, localized close-~well spacing
and areas of low transmissibility, limitations in the areal
extent of the aquifer, and other factors may induce comparatively
large summer drawdowns in heavily pumped areas. In time, as
water levels gradually decline in response to the long-term
gr@ndﬁ these summer drawdowns may become significant economic
actors.,

Seasonal Response

At the start of each pumping season, water levels in the
north-central part of Hualapai Flat are drawn down. By the
end of the pumping season, a substantial decline has occurred.
Figure 8 (map A) shows the magnitude of the net decline for the
1967 pumping season. To evaluate these short-term effects of
concentrated pumping in an aquifer of limited areal extent,

ho.



/

B. Computed spring-fall decling, infinite aguifer

EXPLANATION
4 Belocted well for
which daclines were
measured and compuied.
Mumber is graph number
B Line of water fovel
dedling, in feet

17 ,
d0e P
l \
Biar™s, e SR (P ARE S
N(‘ a1 e -

EXPLANATION

et '/ ] 51 Y Selected well Tor which
declines wers measurad and
computed. Number is graph
sidmber
RS e of water level
- decling; in fest
Consalidated rocks

A, Measured spring-fall decline

! ey R.Z4E,

ve

- §

RS -

P

C. Computed spring-fall decline, single barrier

4EXPLAN TION
# Zelavted wall for
which declines ware

meagured and computed

Mumbser is gragh number

Line of water jsvel
decling, in foel

#leasured spring-fall decling, in fest

Measured changs mare
than computed thange

Measured change less

23 thai eomputed changs
18 g5y
2Ve0 18 1
13,/ 22 128, %15
® 1He fgi W
827 Salvage of natural dischargeis the
. probabli reasoly why measured
30y - o changes i These wells are lbgs than
.20 a1 ;17 - compubsd change
® B
®
25 s
TS SR W KOO RN NN S U SN EO
-5 -10

G O O G s G BT

=3

M i datling i decline, single barter

& Map & Map &

Mo, Well Mo, Grapgh No.  Wall No; Graph Mo, - Well Mo,
11 35 /23-1301 fod 85724-7hd
12 25 -7¢h
13 B4
T4 2B
15 26
18 27
17 28
18 2
18 30
i ~1GdaZ a1
# oL des v 32

3. Carrelation betwesn observed and gomputed dect

Computed spring-falf decling, in feel

7 EXPLANATION
® Measured decling vs compited decling, infinite agquiter

Figure &, Computed and measuraed 1967 spring-fall water-level declines north half Huslapi Flat




the actual water-=level declines are compared to two mathematical
models~-~one showing the response in an infinite aquifer; the

other an infinite aquifer with
simulates the conditions in Hualapal Flat.

a single barrier, which partially

Seasonal drawdown scaleswere prepared for each pumped well
They were cmnstructed from a chart .for the
computation of drawdown in the vicinity of a discharging well

in the valley.
(Theis, 1963, p. C10-C15), following a

rocedure similar to

that outlined by Conover and Reeder (1963, p. C38-CUl).

The following assumptions

(1)

(2)
(3)

(%)

(5)

The scales were
drawdown (below
well and nonpumg
geason. Provis]

were made and procedures followed:

designed to represent the residual
spring levels) around each pumped
yed well after the 1967 irrigation
lon wag made for periods of recovery

between cuttings of hay and before the fall water-
level measurement so that the periods used in the
computation would nearly equal the observed pumping

periods.

The distribution of tranasmissibility used is shown

in figure 2,

A uniform storage coefficient of 0.1 was used
instead of the slightly higher specific-yield

vaiues shown in

figure 3, because some water

probably was still draining from partly dewatered

material st the
wepre made.,

time fall water-level measurements

Residual drawdowns were computed with both measured

discharge rates

and estimated net pumping rates

(two-thirds of the measured rate, table 13) which
allows for recirculation of some water to the

ground-water reservoir.

observed valuesn

The best correlation with
was obtained using net pumping

rates; thus, for purposes of computation, it was
assumed that most recirculation of irrigation water
to the ground-water reservoir had occurred by the
time the fall water-level measurement was made and

that residual dr
computed using r

rawdowns could be more accurately
et pumping rates. ‘

‘Because of the many assumptions and partly resolved

variables involved, observed and computed values for
water-level decl

congidered reasd

ine within 1 foot of agreement were
nable for this fipst approximation.
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(6) The total resgidual drawdown at pumped and nonpumped
wells throughout the area was computed by adding
the drawdowns resulting from mutual . interference,.
and maps were prepared showing computed spring-fall
changes,

: Figure 8 shows (A) the measured spring-fall net water-level
decline; (B) the computed gpring-fall net water-level decline,
assuming a homogeneous aguifer of infinite extent; (C) the
computed spring-fall net water-level decline, assuming a single
barrier in the valley fill, and (D) the correlatlon between
measured and computed water-level declines.

Measured residual drawdowns in secs. 1, 2, 11, and 12, T.
35 N., R, 23 E., were generally greater than computed values.
Values shown on map B indicate that heavy pumping and comparatively
close well spacing caused greater drawdowns there than in other
parts of the well field; however, these factors alone are not
sufficient to account for the measured water-level declines
(map A). Better correlations are obtained when the computbted
values are corrected for a single barrier (map C), but some wells
st11l exhibit large deviations. The large residual drawdowns
observed in this part of the well field probably result from the
combined effects of heavy pumping from relatively closely spaced .
wells in the proximity of several hydrologic barriers (the alluvial ‘I'
faults shown on pl. 1). Bedrock barriers that bound the valley-
fil1l reservoir apparently have had only small efflects on water-
level declines during thils one season but may have considerable
iffegt on cumulative declines caused by the overall long-term
rend. :

Measured residual drawdowns in the southern part of the well
field are generally less than computed values. Part of this
difference is interpreted to represent some salvage of natural
giﬁiharge that would cause a lessening in the rate of water-level

ecline. ;s

Long~Term Regponse

Water-Level Decline and Salvage of Natural Discharge

~The ultimate amount by which water levels will decline in
any given case is dependent on the quantity of water pumped in
relation to the gquantity of natural discharge (or. recharge),
the distance from the area of pumping to the area of natural
discharge, the degree to which pumping is localized, the
coefficients of transmissibility and storage, and barrier
effects posed by bedrock boundaries or by internal structures
of the valley-fill reservoir. Development in Hualapal Flat 1is

Lh,



distributed asymmetrically wit
discharge, and heavy pumping 1
of the well field; however, th
ig in the area of natural disc
the long-term effects of three
gsyatem. The distribution of p
of natural discharge as shown
in Hualapai Flat.

The above-mentioned distr
regardless of the pumping rate
be readily salvaged after a co
pumping. Salvage wag occurrin
by the deviations between the
water-level declines and also
that formerly flowed (35/23-36
35/24~31abl, and 35/24-31ab2)
1967 pumping season. A seepag
T. 35 N., R, 23 E, was reporte
previous years and the pressur
35/23-1aa2, 34/2L4-6bbl, and 34
in previous years. Some disch
1j520 acres of land in the dis
‘ment.,

Assuming that prior to de
cleared land consumed ground w
foot per acre (table 9), and u
100 acre-~feet during 1967, nat
reduced by about 400 acre-feet
salvaged prior to the 1967 pu
600 acre-feet . :

The relative ease with wh
by pumping from existing wells
estimates in table 14. For ex
acre~feet per year of discharg
is within about 2 miles of the

6 miles from the area of maximum water-level decline.

4,000 acre-feet of this discha
pumping without excegsive wate
existing well field,

Salvage of all evapotrans

table 9) would require that pumping induce wate

of about 50 feet in the area o
might not be accomplished by p
undue drawdown, and hence exce
of about 50 feet might salvage
to the Black Rock Desecrt, whic

e

arge was also salvage

h respect to the area of natural
g localized in the northwest end
¢ southern end of the well field
harge (pl. 1). Pigure 9 shows
rates of pumping on the natural
umping in relation to the area
is similar to that which exists

ibution of pumping suggests that,
, some natural discharge should

mparatively short period of

g in 1967, as previously described

measured and computed spring-fall

by the fact that several wells
» 35/23-36da2, 35/Q3~36da33
did not flow during the 1966 or
e area in the SEf sec. 36,
d to be much drier than in
(nead) in flowing wells 35/23-laal,

sll .6bb2 was less in 1967 than
d when about

charge area was cleared for develop-

velopment phreatophytes on the

ater at an annual rate of 0.2 acre-
pward leakage was reduced by about
ural discharge probably was on}y
during 1967. The total quantity

mpilng season was probably only about

1ch natural discharge may be salvaged

, as of 1967, is illustrated by the

ample, most of the estimated 4,500

e in T. 35 N., Rs. 23 and U E.,
southernmost pumped well and about
At least

vaged by

rge probably can be sal
p ing in the

r-level declines occurr

piration (6,300 acre-feet per year,

r~level declines

f phreatophytes (pl. 1). This

umping the existing well field without
gsive pumping costs. A drawdown
one-half the subsurface outflow

h totals about U000 acre-feet per year.
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Decyeages in

- As mentioned before in th
transmigsibility and storage,
valley~f11l reservolr is depen
of the material involved and
long-term water-level declines
to be dewatered also cause the
fill to decrease. Thus, pumpil
levels are steadily declining
faster than the rate at which

Transmissibility

e section on coefficients of
the transmissibility of the
dent upon both the permeability
ts thickness. Consequently,
which cause permeable deposlts
tranemissibility of the valley
ng 1lifts in wells where water
may be expected to lncrease
nonpumping water levels decline,.

Table 15 shows the relation between long-term decline of static

. water levels, percentage of the aquifer dewatered, and resulting

decline in pumping levels in three hypothetical wells.

Because

actual conditions vary with each well encountered in the field,

only the relative magnitudes of difference and the trends
exhibited in the table are significant.

Generally, the additional increases in pumping 1ifts caused

by decreased transmissibility

are so small in relation to the

cumulative water-level decline through spring 1967 that they are

of little economic significance.

However, in areas of moderate

to low transmissibility that are experiencing accelerated rates

~of water-level decline for oth
may become a significant addit
limlts to be approached sooner

Changes 1rn

In hydrologically closed
pumped water generally deteric
attributed to (1) the reversal
cause water of poor dquality tc

~ the area of pumping.

quality, so that considerable

The problem of an unfavor
a threat to the future of the
As pointed out by Hem (Halpenr

"It has long
is to be permanently succesgsfu
operated that the drainage les
off the accumulating soluble s
the amount of mineral matter t

been recogni

beneath the playa and adjacent discharge area, and 2)
‘able salt balance caused by the recycling of irrigation water in
The effects of both of these procegses are
lessened by natural mixing with locally derived water of good

about economically significant changes.

ler reasons, decreased transmissibility
ional factor in causing economic
+ than would otherwise occur.

Water Quality

basins, the chemical quality of
rates with time. This change is
of natural gradients, which may
flow into the pumping area from
an unfavor-

pumping usually is required to bring

able salt balance may in time pose
existing ground-water development.
y and others, 1952, p. 149) :

zed that if an irrigation project
11 it must be so designed and

wving the area of irrigation carries
alt from the whole area. Ideally,
hat must be removed should at least
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~tern mmnwwﬁm in noopunping water-levels, percentage of the sguifer

Table 15.==Belation between lon

devatered, and mmmﬁhwwmm ong-term decline in pumping level in three

Eﬁlﬁ

Long-term decline : Besultine long~term decline im pumping level (&
in nonpurping L : - Hell in aguifer (1) Well in aguifer (2) Well in aquifer {33
water level ~  Percentage cof the 1Initial T = 150,000, Initial T 4 75,000, 1Initial T = 30,000,
(Zeet) .aquifer dewatered gpd/ £t opd/ £t apd; £t
25 5.3 : ; 26 27 , 30
30 16.7 , 52 54 60
75 25 78 g2 91
166 33.3 105 110 119

48,

Resuliing long-~term decline in pumping level computed as: Long-term decline in nonpumping level
Drawdowns determined from a chart by C. V. Theis

k]
L

plus (resulting drawdowmn minus original drawdowm).

(1962) cn the basis of the following assumptionss

1e ALl three wells drilled in aquifers 300 Zeet thick,
2. All aquifers have a coefficient of storage of 0.13.
3. The initial transmisgsibilities shown will decrease in dirvect
: proportion to the percentage of the aquifer dewatered.
L. A11 drawdowms were deteymined at a radius of 1 Zcot after
20. days of purping at 1,000 gpm.
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be equivalent to the amount entering the area in the irrigation
water supply and from other sources. This is essentially the
principal of salt balance."

Drainage from the north half of Hualapal Flat under natural
conditions was accomplished principally by subsurface flow toward
the playa and, to a minor extent, by underflow into the Black
Rock Desert, As natural gradients are reversed by pumping,
natural drainage from the area is reduced and ultimately
eliminated, and salts that are not removed by crops or wind
action remain either in the soil or in that part of the irrigation
water that returns to the zone of saturation. Soluble salts are
continually being brought into the area, either in ground water
or in fertilizers. This results in an unfavorable salt balance
and, over the long term, a gradual but cumulative deterioration
in the quality of the pumped water. ‘ ,

Deterioration in the quality of the pumped water may also
be caused by an influx of highly mineralized water from beneath
the playa and from the adjacent Black Rock Desert area. The
quantity of undesirable water that might move in from the Black
Rock Desert would probably be small in relation to the quantity
of water that might migrate northward from beneath the playa.
Furthermore, fault barriers in the alluvium between the playa
and the main area of development may significantly impede the
northward migration of large quantities of undesirable water
from both areas. - '

Net Change in Water Levels, 1960-67

Contours drawn for the high water levels in the spring of
1967 in the north half of Hualapal Flat are shown 1n figure 10.
In the developed area, water levels are substantially lower than
those shown for the spring of 1960 on plate 1. Figure 10 also
shows the net decline in water levels from the spring 1960 to
spring 1967. The areas in which water levels have declined and
the amount of the decline were determined from the water-level
contour maps for 1960 and 1967 and extrapolated from changes
observed in individual wells having shorter records. Many of the
early water levels were based on observations made by drillers.

Maximum water-level declines were in excess of 20 feet and
occurred in secs. 1 and 2, T. 35 N,, R. 23 E. This is also the
area Where the maximum decline 1in water levels occurred from
spring to fall 1967 (fig. 8). Thus, the hydrologic barriers and
concentrated pumping that produced the maximum seasonal change
are apparently also causing localized accelerated rates of
long-term water~level decline.
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In figure 10, the zero net-change line is approximately
the limit of measurable change and therefore also represents
the approximate lateral limit of storage depletion. Pressure
changes may have caused slight declines in head outside of this
area. Also, water levels may have risen slightly in localized
areas on the southeast side of the development where waste
irrigation water is collected in a diteh and flows southward
toward sec. 31, T. 35 N., R. 24 E., This area 1s small and the
water-level rise minor; therefore it is not shown in figure 10.

Storage Depletion as of Spring 1967

Water which has been removed from storage as a result of
pumping during the 7-year period spring 1960 to spring 1967 is
estimated as the sum of the products of (1) areas of dewatered
material, (2) net declines of water levels, and (3) specific-
yield values. For purposes of computation, the specific yields
for the upper 50 feet of saturation shown in figure 3 are
considered to be roughly equivalent to those of the thinner,
uppermost interval dewatered during the 7-year period. The
volume of dewatered material in each specific-yield zone (fig. 3)
was determined from the area and net water-level declines shown
in figure 10. :

Table 16 1lists net changes, areas, volume of the dewatered
interval, specific yield, and estimated storage depletion. The
estimated storage depletion of 22,000 acre-feet is slightly
larger than the estimated total net pumpage of 21,000 acre-feet
for the seven pumping seasons 1960-67 (table 13). Under ideal
conditions, the storage depletior should be slightly less than

the net pumpage because although most pumped water has come from
storage some natural discharge has been salvaged. The difference
in estimates 1s atbtributed to inaccuracies in the assumptions
made, to water-level declines in some wells that may represent
changes 1n pressure head rather than actual storage depletion,
to a possible time lag in the draining of some finer grained
deposits, and to a possible time lag in the return of some of

the recirculated water to the zone of saturation. This last
possibility may be of minor significance as it was previously
mentioned that the best correlation between computed and measured
spring-fall water-level changes was obtained when it was assumed
that most of the recirculation had occurred before the fall water-
level measurement was made. : ; :
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Table 16.,-~Estimated net storage depletion for the

7-year period spring 1960-spring 1967

Net water=level Volume Avéragé Btorape
decline (feet) Area dewatered  specific yield depletion
Range Average (acres) - (acre~feet) (percent) (acre-feet)
() (2)___ (Dx(2)3G) %) ()Y
0 to 5 1.5 1,300 2,000 17.5 350
1.5 3,700 13,000 12 1,600
56010 7 2,000 14,000 17,5 2,400
7 4,200 29,000 12 3,500
10 to 15 12 1,800 22,000 175 3,800
12 2,600 31,000 12 3,700
15 to 20 17 1,400 24,000 1745 4,200
17 890 15,000 12 1,000
Greater
than 20 21 220 4,600 17.5 400
21 120 2,500 12 300
Totals
(rounded) & 7 23,200 160,000 b 14 22,000

a. Average weighted water-level decline,

bs Average weighted speciiic yield.

51.




Ground-Water Budget, Spring 1960-Spring 1967

Table 17 summarizes the effects of 7 years of pumping
on the hydrologic system--a period of nonequilibrium conditions.
Virtually all the change has occurred in the north half of
Hualapai Flat, During the T-year period the estimated total
discharge exceeded recharge to the valley~fill reservoir by
approximately 18,000 acre-feet, or 2,600 acre-feet per year.
If all estimates are correct, this deficiency of 18,000 acre-
feet {(budget item 3) should equal the estimated net storage
depletion of 22,000 acre-feet (budget item 4), which was
computed independently. The imbalance between methods of
4,000 acre-feet, is less than 10 percent of the recharge or
discharge. The most likely errors are in the larger estimates,
principally recharge from precipitation and discharge by
evapotranspiration and net pumpage.
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Table 17.=-Ground~water budget, in acre-feet, fot nonequilibrivm
conditions in Hualapai Flat, spring 1560=gpring 1967
(All values, in acre~feet estimated as described in text)
e ~ J-year Average
Budget item%f [ _period  annual
RECHARGE: i V
Precipitation (table 4) jﬁiﬁfﬁi 7,000
Total (rounded) (1) 49,000 7,000
DISCHARGE: |
Natural evapotranspiration (table 9) 44,100 6,300
Salvaged discharge (p. 45) = 600 = 100
$ubaurfacerlaw to the Black Rock Desert (p. 31) 2,30& ‘ - 400
Net pumpage (table 13) | | 21,9&& 3,000
Total (rounded) (2): m | 9,600
DMBALANCE (3) = a1y - ‘(23:; | -18,000  =2,600
STORAGE DEPLETION (table 16) (4): ~22,000 ~3,109‘
§ BETVEEN METHODS: (3) - (4) im0

i

1. All items eﬁcapt_pumpage and storage depletion based on 1cng~tarm
average rather than for period 1960-66. -
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THE AVAILABLE WATER SUPPLY

The available water supply in Hualapai Flat 1is discussed
in the following sections in terms of both the avallable surface-
water supply and the available ground-water supply. The available
surface-water supply represents that portion of the total runoff
that 1s concentrated as streamflow in major drainages. The
available ground-water supply is discussed in terms of: (1)
the perennial yield, or the maximum amount of salvable natural
discharge; and (2) storage depletion, which is sometimes referred
to as the "one time reserve" and is evaluated in terms of both
a transitional storage reserve for the entire valley and the
storage depletion necessary before equilibrium could be approached
with the existing distribution of pumping. The possible future :
development and its relation to the available supply is also
discussed.

Streamflaw

About 60 percent of the total runoff in Hualapai Flat occurs
as streamflow in the major drainages and is potentially availlable
for use. However, because of the seasonal distribution of flow
and evapotranspiration and infiltration losses between points of
maximum flow in the mountains and points of use in the valleys,
only about 10 percent (about 500 acre-feet, table 8), of the
total annual runoff arrived at points of use during the 1967
growing season. - Improvements, such as upstream storage facllities
and lined ditches or pipes, would be reguired before much of this
potentially available water could be used for irrigation in the
valley. Determination of whether or not such improvements are
economically feasible 1s beyond the scope of this study,

Utilization of a gsubstantial part of the surface-water
resources would increase the total available water supply only
by the guantity of water that would otherwise have been consumed
by native vegetation and evaporation in the canyons and on the
alluvial fans. This is due to the fact that much of the streamflow
infiltrates to ground water where it 1ls potentlally availabile
for use by pumping. However, in the event that sustained heavy
pumping ultimately causes excessive water-level declines at the
north end of the valley, development of some of the avallable
surface water for use in conjunction with pumping is an alternative
that might be considered.

Perennial Yield

The perennial yield of a ground-water reservoilr may be
defined as the maximum amount of water of usable chemical quality
that can be withdrawn and consumed economically each year for an ;
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indefinite period of time. If the perennial yield is continually
exceeded, water levels will decline until the ground-water
reservoir is depleted of water of usable quality or until /
pumping 1lifts become uneconomical to mailntain. Perennial yield
cannot exceed the natural recharge to or discharge from the ‘
reservoir. Moreover, the perennial yield ultimately is limited
to the maximum amount of natural discharge that can be economically
salvaged for beneficial use. ~ ~

Table 10 shows that the estimated average annual recharge
to the ground-water reservoir is 7,000 acre-feet, and that the
estimated natural discharge of ground water is 6,700 acre-feet.
Posgibly half of the subsurface outflow of 400 acre~feet per year
could be salvable by pumping (p. 45). As was previously mentioned,
the estimated recharge may be glightly high because some streamflow
which 1s potential recharge is evaporated or consumed by plants
in areas of shallow ground water. Thus, providing that pumplng
is stratigically distributed to salvage all evapotranspiration
and with no critical deterioration in water quality, the perennial
vield of the valley-fill reservoir is approximately 6,700 acre~
feet. This estimate is 1,700 acre-feet larger than that made by
Sinclair (1962). '

The maximum amount of natural discharge that eventually can
be salvaged by pumping in the general area of development in
1967 in the north half of Hualapal Flat will be governed by the
annual pumping rate at which pumping 1ifts become uneconomical
to wrintain or at which a significant influx of poor quality water
from bineath the playa or adjacent Black Rock Desert might occur.
The f#ult berriers in the alluvium north of the playa and 1n the
hot enving arza (pl. 1) are additional factors that could effect
the amount of natural discharge that may be economically salvaged.
These fault barriers may hinder the salvage of natural discharge,
which consacusnt iy would reduce somewhat the annual pumping rate
that cculd be irnd:ifinilely maintained in wells to the north. On
the other hand, a3 water levels decline and storage depletion
causes a gradient to be established toward the pumping areas, these
faults should also inhibit somewhat the northward migration of
poor quality water from beneath the playa.

As previously stated, at least 4,000 acre-feet per year
of natural discharce that occurs near the southern end of the
development (table 14) probably can be salvaged before water-level
declines become excessive. Continued salvage of discharge would
require additional declines in water levels until eventually
pumping in localized areas may be economica.ly feasible only for
high-value crops. : ~




The opbtimum quantity of natural discharge that can ultimately
be salvaged by pumping from the general area of development as of
1967 is dependent upon both hydrologic and economic factors and
cannot be precisely determined at this time. It probably will
be at least 4,000 acre-feet but less than the perennial yileld.

The estimated net pumpage in 1967 was 7,400 acre-feet
(table 13), which exceeds the estimated perennial yileld by
about 10 percent, If all permits to pump ground water (approx-
imately 26,500 acre-feet per year) were fully exercised, the
resulting net pumpage of about 17,000 acre-feet per year would
be more than twice the perennial yield. Sustained pumping at
1967 rates or higher would withdraw more water from the valley-fill
reservoir than is annually replenished; consequently, no equilib-
rium would be possible (fig. 9, case III). I Moreover, sustained
pumping at the.perennial yield rate (fig. 9, case II) may eventually
cause excessive 1ifts and conditions of local overdraft in the
well field before all discharge 1igs salvaged. An eventual
reduction of pumping at the north end of the valley, probably
would allow a new equilibrium to be economically attained at a
net ra%e of annual pumping less than the perennial yleld (fig. 9,
case 1).

Storage Depletion i .

No ground-water source can be developed without causing
some storage depletion. The magnitude of depletion varies with
the amount of pumpage, the hydraulic characteristics of the
system, and the distance of development from any recharge and
discharge boundaries in the ground-water system. Few desert
valleys have well-defined recharge boundaries, such as live
streams or lakes; however, most have well-defined discharge
boundaries, such as areas of evapotranspiration.

Transitional storage reserve has been defined by Worts
(1967, p. 50) as the quantity of water in storage in a ground-
water reservoir that can be extracted and beneficially used
during the transition period between equilibrium conditions in
a state of nature and the new equilibrium conditions under the
perennial yield concept of ground-water development. Thus,
the transitional storage reserve is a specific amount of the
total ground water in storage; it is water in addition to and
developed along with the long-term amount provided by the
recharge., : «

Transitional storage reserve is generally computed assuming
an idealized distribution of pumping. The storage depletion
thus calculated includes the assumption that all natural discharge
will be salvaged as efficiently as possible and that the resulting ‘I'
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water-level declines will be as small as possible. The transition-
al storage reserve, in this sense, is primarily a property of the
ground-water reservoir. A more extensive discussion of transitional
storage reserve in relation to ground-water development and
perennial yield has been given by Worts (1967). ‘

Ground-water development seldom occurs under hydrologically
ideal conditions. Irrigation pumping in most developed valleys
is distributed in accordance with the occurrence of good solls,
accessibility, the location of previously patented acreage, or
other reasons. Consequently, pumping tends to be distributed
asymmetrically with respect to the flow pattern of the natural
system and is commonly concentrated in localized areas. The
hydrologic implications of such patterns of development are
that natural discharge will be more difficult to salvage, greater
volumes of material must be dewatered, and water-level declines
will be greater than with an idealized pattern of development.
The long-term result of such patterns of development will be
one of two possibilities; either (1) it will be economically
feasible to salvage all natural discharge and thus pump at a
sustained rate equal to the perennial yield in spite of the
fact that more water must be withdrawn from storage than was
computed in the transitional storage reserve and that resulting
water-level declines in the vicinity of pumping will be substan-
tlally greater than those that would occur with an ideal distribu-
tion of pumping; or (2) it will not be economically feasible to
salvage all natural discharge and eventually pumpage will elther
decrease (due to economic attrition) or have to be limited to a
rate less than the perennial yield to prevent pumping 1ifts
throughout the development from becoming uneconomical to maintain.
In either case, a quantity of water that typically is greater
than the computed transitional storage reserve must be withdrawn
from storage to salvage a quantity of water that is equal to or
less than the perennial yield. o :

In this report, the storage depletion that will occur during
the period of transition from a natural equilibrium to a new
equilibrium with an annual net pumpage equal to the perennlal
yield 1s estimated as: (A) the transitional storage reserve
(primarily a property of the ground-water reservoir) which
assumes the highest possible efficlency in the salvage of natural
discharge; and (B) a first approximation of the storage depletion
required to salvage the perennial yield by pumping from the
general area of development as of 1967.

The following assumptions are made to obtain estimates:
(1) in case A, wells would be stratigically situated in, near,
and around the areas of natural discharge so that evapotranspiration
could be stopped and subsurface outflow reduced with a minimum of
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water-level drawdown in pumped wells. In case B, pumping

would remain situated in the same general area as in 1967 ;

(2) a perennial water level 50 feet below land surface

would curtail virtually all evapotranspiration from ground
water; (3) in case A, over the long term, pumping would cause
a moderately uniform depletion of storage throughout most of
the valley fill, except in the playa deposits (mostly clay),.
which would drain at a slower rate, In cage B, a hydraulic
gradient from the south end of the valley toward the area of
pumping would develop as equilibrium is approached (fig. 9,
case II). Excessive gradients would not develop because

water would migrate primarily through comparatively permeable
deposits beneath and around the edges of the playa and the
faults in the northern part of the discharge area (pl. 2) would
not be effective barriers to ground-water movement. Water-
level declines would range from about 45 feet at the south end
of the valley to at least 150 feet in parts of the well field.
The weighted areal decline would be roughly 80 feet; (4) the
specific-yield values of the dewatered interval would be
approximately the same as those shown in figure 3; (5) the water
levels would remain in the range of economic pumping l1lift for
the intended use; (6) pumping would have little effect on the
adjacent Black Rock Desert area; and (7) the water would be of
suitable quality for the desired use. , .

Table 18 summarizes estimates of the storage depletion
required to salvage the perennial yield under both distributions -
of pumping. These first approximations indicate that salvage
of the perennial yield by pumping from the general area of
development as of 1967 would require about twice the storage
depletion as would be required with the idealized distribution
of pumping and that maximum water-level declines would be about
three times as great. Moreover, if the low-transmissibility
playa deposits and faulted alluvium prove effective barriers
to the movement of water from the south end of the valley toward
pumping, storage depletion and consequent water-level declines
greater than those estimated in table 18 would occur.

Considerable time will be required to approach equilibrium
conditions with the existing distribution of pumping. Assuming
uniform rates of storage depletion and salvage of natural discharge,
the annual pumpage (Q) and the time in years (t) during which
depletion would take place can be approximated from the following
equations ‘

Q = Storage depletion  Perennial yield
t 2
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A) transitional storape reserve and

eatimates of

‘ Table 18.~~Summary of
(B) storage depletion required to salvage the perennial

ag of 1967

i

‘ P Average First
Avea Water- level decline (£ feet) specific epproximation

affected Range ‘Veighted yiaIdZJ (acre~feet,
(acres)l/ N. hali S. half average (ger@ent} _rounded)
—mestimate {1) valley wvalley (ﬂ) ' (3) (1)x(2)x(3)

(A) Transitional

storage reserve 45,000 45 45 45 12 a 240,000
| | b =22,000
¢ 220,000

(B) Storage

depletion
requirved to E o

e 5 15 : |
iziziii g?ichaxgeés’aag £ :fﬂ : 6 : 13 @ §793003
by Pum{iing Lrom }156} '3 b “22’a03
the general area | ,
of development ¢ 450,000

as of 1967

. s

1. Valley=fill reservoir storage unit shown in figuve 3.
2. Determined from figure 3. o o
a. Includes about 20,000 acre-feet of moderately mineralized water in playa
deposits, '
be Estimated storage depletian through spring 1967 (table 163,
cs Estimated storage rﬁmaininn as of spring 1967. '
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Using (1) the equation and the estimated storage depletion of
450,000 acre-feet (table 18, estimate B), (2) the estimated
perennial yield of 6,700 acre-feet, and (3) a pumping rate (Q)
equal in quantity to the perennial yield, in accordance with
the general intent of Nevada water law, the time (t) to deplete
the storage is computed to be about 130 years.

The economic implications of the estimated storage depletion
and consequent water-level decline required to salvage all natural
discharge by pumping from existing developments are that water
levels may be expected to decline for a considerable period of
time. 1In the areas of maximum change, nonpumping water levels may
ultimately decline 150 feet or more and stand at 250 feet or more
below land surface. :

; In the event that pumping in the north half of Hualapal
Flat is eventually reduced to a rate less than the perennial
vield (fig. 9, case I) the quantity of storage depletion and
magnitude of water-level decline necessary before a new equilib-
rium could be attained would be appreciably reduced from that
estimated in table 18 (part B). ;

Future Development

The foregoing sections on yleld indicate that sustained
pumping from the general area of development in 1967 will result
in comparatively large drawdowns before a quantity of natural
dischavrge equal to the perennial yield is salvaged. DMNoreover,
virtually all permits to pump ground water are for areas 1in the
northern part of the valley. If pumping in this area could
eventually be reduced to a rate less than the perennial yield,
a limited amount of ground-water development at the south end
of the valley would salvage most of the water currently wasting
there as natural discharge. Factors that would tend to limit
development at the south end of the valley are: (1) the
predominately granitic sands probably would be less productive
than the aquifers at the north end of the valley; and (2) deep
wells in some areas may encounter highly mineralized hot water
that 1s not suitable for agricultural use, :

Geothermally heated water is also a potential resource of
the area. Well 34/25-2dd was drilled in the hot spring area
(pl. 1) in an attempt to locate geothermal sources for steam-
electric power., The resulting discharge, about 1 c¢fs of bolling
water, produced insufficient steam for power development. Another
well, reportedly drilled south of the Granite Ranch in the 1930's,
is said to have discharged considerable quantities of steam.
Thus, future exploration may yet discover a sufficient steam
regervolr for power development.
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SUMMARY AND CONCLUSIONS

This second appraisal of ©
Plat has led to the following ¢
of supply, effects of developme

refine the flow system and response char

£111 reservolir.

1. All development to dat
development are at the northern
November 1967, total permits to
year have been 1ssued by the St

2. The estimated net pump
‘which is slightly in excess of
6,700 acre-feet,
28,000 acre-feet and has been s
storage. However, a gradually
annual pumpage will be supplied
discharge in future years.

3. Because pumping 1s bot
distributed with respect to nat

The net pumpage of recor

he water resourceg of Hualapal
onclusions regarding the adequacy
nt, and types of data needed to
soteristics of the valley-

e and all applications for future
end of Hualapal Flat. As of
pump about 26,500 acre-feet per

ate Engineer, ‘

age in 1967 was 7,400 acre-feet,
the estimated perennlal yield of
d (1960-67) totals

pplied almost entirely from
nereagsing percentage of the
from salvaged (redirected)

u
i

h localized and asymmetrically
ural discharge, a large quantity

of stoered water must be withdrawn before the natural discharge

can be salvaged. A first appro
acre-feet of stored water (abou
reserve) would have to be remov
by pumping from the approximate
pumpage were held to the perenn
linear decreage in natural disc
years of pumping would be requil
storage and bring the system t¢
at the northern end of the deve
feet or more, depending on the

ximation shows that 470,000
t twice the transitional storage
ed to salvage the perennial yileld
1967 area of development. If
ial yield rate and assuming a
harge and stored water, aboutl 130
red to deplete the indicated
a new equilibrium, Water levels
lopment would have declined 150
effectiveness of hydrologic

barriers formed by bedrock bour

daries of the valley-fill reservoir

~and by faults in the alluvium within the regervolr, Pumping lifts
would also be increased somewhat during the summer due to

concentrated pumping and hydrol
exceed 300 feet.

ogic barriers, and might locally

Thus, even though pumping is limited to the

perennial yleld rate, local overdraft could occur before the
entire perennial yield of Hualapal Flat is developed.

4,
development is eventually reduc

If the rate of pumping from the current (1967) area of

ed to less than the perennial yield,

the resulting pre-equilibrium water-level declines would be less

than previously indicated. The
would be determined by the guar
could be salvaged economically

evaluated at this time. It prc

optimum long-term pumping rate

1tity of natural discharge that

by pumping and cannot be precisely
bably would be at least 4,000

61.




acre~feet but less than the perennial yield. In the event that
cash crops, such as seed or produce eventually become the
dominant crops, or if technological advances lncrease profit
margins for alfalfa hay, farmers would then be able to pay more
for their water. Consequently, a greater part of the perennial
yileld could be economically salvaged by pumping than if conditions
remained the same as in 1967.

5. ‘About 60 percant of the total estimated runoff of 5,400
acre-feet per year occurs as streamflow in the major drainages
where it is potentially available for use. However, because of
the seasonal distribution of flow and because of infiltration and
natural water losseg between points of maximum flow and points of
use, only about 10 percent of the average annual runoff arrives
at points of use during the growlng season. Seasonal distribution
of flow could be improved by upstream storage facilities, if
feasible, and by reduction of infiltration and natural water losses
by lined ditches or pipelines. Increased use of surface water
in the irrigated area could partly reduce the demand for heavy
pumping and minimize localized areas of excessive water-level
decline. However, because much of the ground-water recharge is
derived from runoff, development of surface-water suppliles would
increase the total avallable supply only by the amount that use
by native vegetation and evaporation of streamflow in canyons
and on the alluvial fans is reduced.

6. The cause-and-effect relations (pumpage versus the
distribution and amount of water-level decline and assoclated
factors) for the 7-year period, spring 1960-spring 1967, are
first approximations developed from an estimated gross pumpage
of 31,000 acre-feet (estimated net pumpage 21,000 acre-feet).
Future refinements of these relations will require reasonably
accurate records of annual pumpage, periodic water-level measure-
ments in most wells (preferably in the spring before pumping
begins), periodic discharge measurements of the major streams,
and monitoring the chemical quality of pumped water. Several
precipitation gages in the mountains would provide valuable
data for refining runoff and recharge estimates, and a weather
station in the developed area would provide needed specific
information concerning the growing season and crop water require-
ments.

7. A reappraisal of Hualapai Flat in about 10 years, or
sooner if required, would be desirable to evaluate the efflects
of pumping on the flow system, the magnitude of storage depletion,
and the extent of any overdraft that might then exist., A ppecial
study of the hydraulic barriers may be desirable at an earlier
date, if water levels continue to decline excessively in localized
areas.  Those findings would provide the basis for timely decisions
for the administration and management of the water resources of
Hualapai Flat,
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Numbering‘sttem for Wells and Springs

The numbering system for wells and springs in this report
is based on the rectangular subdivisions of the public lands,
referenced to the Mount Diablo base line and meridian. It
consists of three units: the first is the township north of the
base line; the second unit, separated from the first by a slant,
is the range east of the meridian; and the third unit, separated
from the second by a dash, lists the section number followed
by two letters that designate the quarter section, and the
quarter-quarter section, respectively. The northeast quarter of
a subdivision is designated by the letter a, the northwest quarter
by the letter b, the southwest quarter by the letter c, and the
southeast quarter by the letter d. Following the letters, a :
number indicates the order in which the well or spring was recorded
within the 40-acre subdivision. For example, well 35/23-23bdl is
the first well recorded in the SEY NW: sec. 23, T. 35 N., R. 23 E.,
Mount Diablo base line and meridian, : : .

Because of the limitation of space, wells and springs are
identifigéd in figure 1 only by that part of the number which
designates the subdivision of the section and, if two or more
wells are in one subdivision, the order in which the well or

spring was recorded in that section.
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Table 20,--Selectew griilers’ lozs of wells

Thick- , Taick~
wrss. beptx ' ; ness Cdepta
daterisl (feet) (feet) caterisl _ (feet) (feet)
34/23-35ab2 ~ ﬂzswllaa
Sand, graunitic, with seanms Topaoil, sandy & 4
of ‘orange mica 36 GG Banu, yellow, fine, wan
Sand, fine and cozrse, and siit 7 11
fine mica i SO Banw, orown, [ipne, witu
Bentouite mized with fiue sllt ‘ 13 24
mica 70 160 Banw, fine Lo cosrse i 25
Guicksaud, fine ovange nlea 45 165 Bang, wrown fine, witi siit I 30
Sand, granitic, aug camented Sanc, fine to coarse, with
clay (brown) 1ud Zub sravel e 34
Sand, cosrse, aud soft mica 13 3006 - Bang, fiue to cogrse, witna
Clay, white, anu grauitic « gravel aac yellow clay 5 3%
sand g 302 Clay, yellow, soft 21 ou
Clay, green, harda 2 311 - Sanc, fine to coarse, with
#ica, orange aad black, aua cravel iz 72
black gand , 13 324 Zand, coarse, with silt anc
Granite, hard, iron cementea 2 326 loose gravel 9 !
Clay, blue, sticky, and Sanu. Tine to covarse, wita
rec mica 1 327 zravel 1 o2
Clay, light yellow anu whitae 23 353  Band, coarse, with gravel
Clay, light wellow and white anc dyy yellow clay 10 22
in sand ang small gravel 2 352 Sanel, fine to coarse, with
Sand, granitic, and light crevel , : 2 D4
yellow mud 3 355 Saund, coarse, with gravel o 102
Clay, blue, and zranitic Grevel witn dry yellow clay
sand 15 375 an €oarse sand G 186
Mica, golden, anu grauitice Sanu, ‘coarse, and gravel G 114
sand A5 355 Clay, reduish brown, soft,
Clay, lignt brown, purple gandy o 120
clay, soft mica 15 430 Clay, brown, soft, sandy =~ O 128
_ Sand, coarse o 3 131
3a/23-2ch Sand, coarse; with silt and
Topsoil, brown, sandy 2 2 fine gravel 5 137
Clay, brown, sandy, gravel G 4 Sanc, coarse, with gravel
Clay, vellow, sancy, gravel 29 37 anc. silt 4 141
Clay, brown, sandy, gravel 42 76 Clay, yellow, soft, with fine
Clay, vellow, sandy, gravel 12 91 to coarse sand and gravel 10 159
Clay, vellow, sandy, soft 29 120 Clay, yellow, soft, sandy 12 171
Clay, vellow, sandy, soft, Sand, fine to coarse, with
gravel streaks 61 161 gravel anu silt 7 178
Saud, silt, and gravel il 192  Clay, yellou, haru, stxc&y 3 181
Clay, yellow, sanay, soft, Sand, fine to coarse, with
gravel 13 210 gravel , 11 192
Sand and gravel with silt 35 245 Clay, yeilow, soft, sandy 3 185
Clay, vellow, sandy, with Sand, coarse, and gravel 5 200
fine gravel : 10 255  (Clay, vellow, soft, sandy 9 209
Sand and gravel ‘ 47 302  Sand, fine to coarse, with 21 230
Sand, silt, and gravel wita gravel, silt, and yellow clay
some vellow clay 20 322 Clay, wvellow, soft, sandy,
Clay, vellow, sandy, gravel & 330 ang gravel 12 242
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Table 20, --Conti

nued

Thick~

Material

35/23-11da -~ continued

Sand, fine to coarse,

with gravel

Clay, yellow, soft, sandy

Sand, fine to coarse, with
gravel, silt, and yellaw
clay

Sand, coarse, and fine
gr&vel

Clay, yellow, sticky, very
hard

Send, coarse, with silt
and gravel

Clay, vellow, soft, sandy

Sand, fine to coarse, with
silt and gravel

Clay, yellow, soft, sandy

Sarid, coarse, with sila
and gravel

3and, fine to coarse, with
gilt and gravel

Sand, coarse, and fine
gravel with silt

Sand, fine to coarse, with
silt and some gravel

Sand, five to coarse, with
silt and gravel

Sand, fine to coarse with '
silt and gravel, vellow
clay ~

35/23-12ba

Topsoil, browa

Silt, sandy

Clay, brown, sandy, soft
Clay, yellow, sandy, soft
Sand and gravel

Clay, yellow, sandy, soft
Sand and gravel

Clay, yellow, sandy, soft
Sand and gravel

Clay, yellow, sandy, Bafa,
with gravel streaks

Sand and gravel

Clay, yellow, sandy, soft
Sand and gravel

Clay, yellow, sandy, soft
Sand, gravel, some silt

s

negs  Deépth

feet) (feet)

Thi

35/23-12bs ~ continued
Clay, vellow, soft

Sand, silt, and gravel
Clay, yellow, sandy, soft
Sand, silt, and gravel
Sand, coarse, with silt

- and gravel

Clay, yellow, sticky

Sand and gravel

Clay, yvellow, sticky, hard
Sand and gravel

Clay, brown, sticky, harﬂ
Sand and gravel

Clay, yellow, sticky with

streaks of gravel

Clay, yellow, sticky, very
hard

35/23-132a

Topsoil, sandy
Hardpan ‘
Clay, brown, soft, sandy

Sand, yellow,
Clay, yellow,
Clay; vellow,
‘gravel

Clay, yellow,
Clay, vellow,
gravel
Clay, yellow,

coarse :
soft, sandy

R T
ok

nesa ﬁepuh

with sand and

soft, sandy
sandy, with

soft, sandy

Sand and gravel

Clay, yellow, hard, sticky
Sand and gravel with silt
Sand, yellow, with silt
Sand, coarse, with gravel
Clay, yellow, soft, sandy

Sand and gravel

Sand, vellow,
Clay, yellow,
Clay, yellow,
gravel

Clay, vellow,
Clay, vellow,
gravel

Clay, yellow,
Sand, gravel,
Clay, yellow,

69.

with silt
sandy
with sand and

soft, sandy
with sand and

soft, sandy
and silt
hard, sticky

25
15
34
12




Table 20,-~Continued

Thick= T Thick- .

ness Depth : ness  Depth
_Material (feet) (feet) , Vaterial (feet) (feet)

35/23-23ad : 35/23-24ab = cnntinued
Topsoil, sandy 3 3 Clay, red : 4 91
Clay, brown, sandy 3 6 Clay and gravel, water- :
Sand and silt, with gravel ; bearing : 9 100
and some brown clay 14 20 Gravel, large 20 120
Clay, brown, sandy 3. 23 Clay, gray s 5 125
Clay, yellow, sandy, and Gravel, water-bearing 15 140
gravel 8 31 clay, brown : L 10 150
Sand and gravel, yellow clay 5 36  Clay and gravel f 10160
Clay, yellow, sandy, and , Clay o e e 165
gravel 16 52  Gravel and water © 15 180
Clay, yellow, hard 6 58 = Not reported , .26 206
Clay, yellow, sandy, soft 11 69
Sand, gravel, and some silt 2 71 35/23-23ac : :
Clay, yellow, sandy, soft 2 73 Topsoil : 15 15
- Sand, gravel, some yellow . Clay, brown, sandy : 10 . 25
clay 39 112 Clay, blue 13 38
Clay, yellow, sandy, soft 8 120  Gravel 7 45
Sand, coarse, and fine : Clay, brown, sandy 10 55
gravel : & 124 Gravel, medium 13 68
Clay, yellow, sandy, soft 5 129 - Clay, sandy 10 78
Sand, coarse, with gravel 3 134  Gravel, coarse to cobblestanazz 110
Clay, yellow, sticky 12 146  Clay, sandy A7 127
Sand and gravel , [ 152~ Gravel, large to cobblestone 20 147
Clay, yellow, sticky 6 158 ~‘GraVél hard, cemented 11 158
Sand and gravel, with , ;
yvellow clay streaks 30 188 35/23-26db
Clay, yellow, sticky 3 196 Topsoll, sandy 2 2
Sand, silt, gravel, and , Hardpan, yellow . -2 4
some yellow clay : 32 . 228 Clay, yellow, sandy 7 11
Clay, yellow, sticky ‘ 17 245  (Clay, brownish~gray, soft 2 13
Sand, silt, gravel, and Clay, gray, sandy, very soft 9§ 22
some sticky, yellow clay 17 262 Clay, yellow, hard, with o
Clay, yellow, very hard and some sand and gravel 19 41
sticky, some gravel 28 290  clay, yellow, soft, with
Clay, vellow, sticky, some sand and gravel 40 81
softer sand 11 301 Clay, yellow, sticky, some
Rock, black, weathered 20 321 gravel 15 96
. ~ Clay, yellow, sandy, softg
35123248l with some gravel streaks 25 121
Topsoil i 2 2 Clay, yellow, sticky 6 127
Clay : 43 45  Clay, yellow, sandy, soft,
Gravel and clay 15 60 with gravel 34 161
Gravel and sand 13 73 Clay, yellow, sticky 21 182
Clay : ; 3 18  Clay, yellow, sandy, soft,
Gravel and sand, water»V ‘ with some sticky streaks 32 214
bearing v 4 82 - Sand and gravel 4 218

Sand, fine, and clay 5 67  Clay, yellow, sandy, soft 21 239
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Table‘20.-69ntinuéd

: :

",Thickw ; Thick- ‘
ness . Depth ness Depth

~(feet) (feet) . Material _ (feet) (feet)

Material : ;
35/23-26db ~ continued 35/24-31ab

Sand and gravel, with some : Topsoil ; 15 15
yellow clay .5 244 Marshy, with odor 5 20
Clay, yellow, very sticky 6 250  Gravel, fine to medium 23 43
Sand, silt, and gravel 6 256 (Clay, brown 12 55
Clay, yellow, sticky, very ' Sand, coarse, and medium :

hard, some gravel 53 309  gravel 12 67
Rock, black, weathered 10 31%  Clay, brown and blue 29 96
Rock, black, hard ‘ 2 321  Gravel, medium to coarse 6 102

T Clay, brown a8 140
23[246ce ‘ “Gravel, medium to coarse R s 152
Topsoil, brown, sandy 2 2. Clay, brown, sandy 5 157
Hardpan, brown 1 3 Gravel, medium to coarse 20 177
Clay, brown, sandy 12 15 clay, brown, hard 5 182
Clay, yellow, sandy, with Gravel, coarse 3 185

gravel -7 22 clay, brown, hard 5 190
Clay,; brown, sandy, soft -5 27 e
Clay, yellow, sandy, with

gravel 21 48
Clay, brown, sandy, soft 10 58
Sand and gravel 4 62
Clay, vellow, sandy, with i

gravel 30 72
Sand, coarse, and gravel 30 102
Sand, coarse, gravel, and ;

some silt 10 112
Sand, coarse, gravel, and .

some yellow clay 35 147
Sand, coarse, and gravel 12 159
Clay, yellow, sandy, soft 2 161
Sand and gravel 2 163
Sand, yellow, fine, with

gravel 18 181
Sand, yellow, fine, with silt, .

gravel, and vellow clay 31 212

Clay, vellow, sandy, firm 10 222
Clay, grayish-yellow, soft, :
with fine gray sand lenses 30 252
Clay, yellow, sandy, and ‘

gravel 43 295
Clay, vellow, hard, and
very sticky 15 310

1.




Table 21.--Generalized logs of U.S. Geological Survey test holes

[Logs based primarily on material brought to the surface by power auger and on
relative rates of drilling, Consequently, they are iaterpretive and higoly
generalized, and thus represent only the gross character of the materials drilled.]

Thick- Thick=
ness - Depth ness - Depth
Material ) (feet) (feet) Material __(feet) (feet)
34/24~3bb (ﬂ"7) . 35/24-17¢cc (H=6):
~ 8ilt and clay, liwht brmwn 7 7 Sand and silt, light byown 7 7
Clay, silty, light brown 5 12 Sand, silty : 5 12
Clay, sandy C 10 22 Sand, silty, brown . 17
Gravel 1 23 Sand and -silt 5 22
Clay, gray brown 4 27 Sand, silty, some coarse V
81ilt, sandy, traces flne 1 sand 5 27
gravel 3 32 Sand(?), poor sample L
Sand, silty, traces fine recovery - ; 10 37
gravel 5. 37 Sand, silty - 5 42
8ilt, sandy, some clay 5 42 Sand, silt; some fine gravel,
U/ 24-5ce (H-3 poor sample recovery 15 57
L e (H-3) Sand and clay 5 62
8ilt, light brown 7 7 -
8ilt and clay, gray, o 35/24-29¢d (H-=5 |
traces sand 15 22 Silt and clay, light brown 7 7
24 He Clay, silty, gray ' 5 12
34/24-17ac (H-10) Clay, silty, dark gray 5 1
Clay, silt and evaporites, Clay, silty, gray ‘ 5 22
porous, fluffy o5 .5 . :
Clay, silty, light brown A 4,5 35/24-32ac (H-1 : ‘
/ N §ilt, sandy, light brown 2 2
34/24~17bd (L-11) 2 ’ :
11 - Silt and clay, gray brown 13 15
Clay, silt and evaporites, . :
porous, fluffy .5 .5 35/24-32ddl (ii-2
Clay, silty, gray 3 3.5  8ilt and clay, brown and
Clay, dark gray or green, gray brown 3 3
some interbedded silt and Clay, dark gray, smells of
fine sand 10 13.5 §0p, several thin layers
35/23-35ba_(ii=9) tuffa(?) 1. 22
Sand, medium, some fine 35/24-32dd2 (d-4 ,
gravel, 2 feet larger ~ 8ilt, clayey, light brown 7 7
cemented 7 7 Clay, black 5 12
Gravel, some coarse sand 5 12 Clay, dark gray , 10 22
Sand, silty 5 17 Clay, poor sample recovery 5 27
Silt, clayey 5 22 Clay 15 42
Clay, silty 5 27 Clay, sandy 5 47
8ilt, some interbedded Sand, brown, some clay 19 66
gravel 5 32 g
Sand, silt, eclay, and 35/24-33ac (H-8)
gravel 10 42 Sand, light brown 12
Sand, sone clay and Sand, medium and coarse
gravel, poor sample return 9 66 gravel, some silt and alay

beds 32
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