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roughly é cfs, or a rate of about 4, 500 acre-feet a year. In considering the
annual flow of the springs the average flow probably will be about equal to or
somewhat greater than the measurements made on August 4, 1963.

The discharge of these springs to a large extent is finally dis-
charged from the valley by evapotranspiration. Some, however, may return
to the ground-water reservoir and be discharged by underflow at the south
end of the valley. In either case, the estimates of ground-water discharge
from the valley listed in table 4 and by subsurface outflow includes the
spring discharge. It may be noted, however, that to the extent to which
spring flow is returned to the ground-water reservoir it may be re-used in
the valley, if intercepted prior to discharge by evapotranspiration or under—f__.e-
flow from the valley,

Discharge from Wells; PFumpage from stock wells probably does
not exceed 100 acre-feet a year. However, about 1, 900 acre-feet of ground
water was pumped to irrigate about 600 acres of barley during the 1963 crop
season, This water was obtained from wells 6/66-22bl and 22b2, drilled
to depths of 410 and 450 feet and each yielding approximately 2,400 ppm
with a drawdown of 30 feet, (see table 5.) During the 90-day period of
irrigation, a total of about 3 feet of water was put on the fields by use of
ditches flowing by gravity, The reported yield of grain from the first year
of operation in 1963 ranged from 10 to 40 bushels per acre, and may have
averaged about 30 bushels per acre,

It is not known to what extent the irrigation water may have pene-
trated the zone of aeration and returned to the underlying zone of saturation
at the water table,

Perennial YVield:

The perennial yield is the maxirnum amount of water that can be
withdrawn from the ground-water system for an indefinite period of time
without causing a permanent depletion of the stored water or causing a
deterioration in the quality of the water. It is ultimately limited by the
amount of water annually recharged to or discharped from the ground-water
system through natural process,

In an estimate of perennial yield, consideration should be given to
the effects that ground-water development may have on the natural circulation
in the ground-water system. The location of the development in the ground-
water system fmay permit optirnum utilization of the available supply or at
the other extreme may be ineffective in the utilization of the water supply.
The location of the wells may favor improving the initial quality with tirne
or may result in deterioration of quality under continued withdrawals,
Development by wells may or may not induce recharge in addition to that
received under natural conditions. Part of the water discharged by wells
may re-cnter the ground-water reservoir by infiltration of excess irrigation
or waste water and thus be available for re-use. Ground water digcharged
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by wells eventually reduces the natural discharge. In practice, decreasing
natural discharge by pumping is difficult, except when the wells are located
where the water table can be lowered to a level that eliminates evapotrans-
piration in the area of natural discharge or cutflow from the basin.

Ground-water outflow from a basin further complicates the final
determination of perennial yield, The numerous pertinent factors are so
complex that in effect specific determination of the perennial yield of a
valley requires a very extensive investigation, based in part on data that
can be obtained best only after there has been substantial development for a
number of years,

The estimate of recharge and discharge for Lake Valley are nearly
equal, 13, 000 acre«feet a year and 12, 000 acre-feet a year, respectively,

The perennial yield tentatively is estimated to be about 12, 000 acre-feet,
e "

Storage;

A considerable amount of ground water is stored in the valley fill
in Lake Valley, It is many times the volume of the average annual recharge
to the ground-water reservoir, The magnitude of this stored ground water
may be estimated by the following calculation:. The surface area of the
valley fill below the &, 000«foot contour is about 111, 000 acres, If itis
assumed that this area overlies a reasonably thick section of valley £ill that
is saturated and if a value of 10 percent is assumed as the specific yield
{drainable pore space) of the saturated deposits, then about 11, 000 acre-feet
of water is in storage for each foot of saturated valley fill. Thus, the amount
of water in storage in the upper 100 feet of saturated valley fill would be at
least a million acre-feet or 85 times the estimated average annual recharge
to the pround-water reservoir.

The principal point to be recognized is that the volume of pround
water in storage provides a reserve for maintaining an adequate supply for
pumping during protracted periods of drought or for temporary periods of
high demand under emergency conditions, This reserve, in effect, increases
the reliability of ground water as a dependable source of supply and is an
important asset in semiarid regions where suface-water supplies vary
widely from year to year,

Chemical Quality;

The chemical quality of the water in most ground-water systems
in Nevada varies considerably from place to place. In the areas of recharge
the dissolved-solid content of the water normally is low. However, as the
ground water moves through the system to the areas of discharge it is in
contact with rock materials which have varying selubilities, The extent to
which the water dissolves chemical constituents from the rock material is
governed in large part by the solubility, velume, and distribution of the rock
material, by the time the water is in contact with the rocks, and by the
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temperature and pressure in the ground-water system, On the basis of the
general chemical character of water associated with the rock types present in
Lake Valley, the ground water in Lake Valley, at least in the marginal parts
of the valley {ill adjacent to the areas of recharpe, probably is slightly to
moderately mineralized and probably is a calcium bicarbonate type where
associated with the Paleozoic carbonate rock, A chemical analysis obtained
from the owner of one of the two irrigation wells in the southern part of the
valley and two analyses by the U, 5. Geological Survey indicate that the water
at the places of collection is of this type,

Two water samples were collected by the authors for analysis. Geyser
Spring (9/65-4cl) and an unnamed stock-watering well {(10/66-31al) were
sampled, The regult of the analyses indicate that the spring water is moder-
ately hard and of good quality for irrigation. The well water was hard but of
fairly good guality for irrigation. These two analyses are given in table 5,

Table 5, --Chemical analyses, in parts per million,
of water from Lake Valley

{Analyses by U, 5, Geological Sutvey)

Source Geyser Spring Stock-watering well
Location 9/ 65-4cl 16/66-31al
Date collected 8-7-63 8-7-63
Water ternperature 68OF 59°F
Silica (SiO7p) 13 27
Calcium {Ca) 30 54
Magnesium (mg) 3.4 \ 5.7
Sodium (Na) 3.0 7.4
Potassium {K) 1.0 1.9
Bicarbonate (HCO3) 103 189
Carbonate (CO3) ¢ 0
Sulfate {504) 5.0 6.4
Chloride (C1) 3.0 9.6
Fluoride (F) : 0 0
Nitrate {NO3) . b 1,2
Boron (B) 0 0

. Dissolved solids 115 203
Hardness 89 158
Noncarbonate hardness 5 3
Specific conductance 181 322

pH 8.0 7.8
Sodium-adsorption ratio (SAR) .1 .3
Residual sodium carbonate (RSC) 0 0
Sodium {Alkali} hazard Low {51} Low {51)
Salinity hazard Low {C1) Medium {C2)
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Specific conductance of water was measured for geveral.wells, The
specific conductance provides a simple measure of the mineral content of the
water., The value of the specific conductance multiplied by a factor ranging
from 0.5 to 1.0 will approximate the dissolved-solids content of the water in
parts per million. A factor of 0.7 is commonly used. The specific conduc-
tance of water ranges from 31 micromhos at North Creek Spring near Mount
Grafton in the northwestern part of the valley to 2, 470 micromhosg at a stock-
watering well near the center of the valley, Most of the values were in the
range from 350 to 6530 micromhos, The individual values are listed in tables
6 and 7,

Development;

Present development.--Ground water presently is used for irrigation
of native pasture and stock-feed, stock watering, and domestic supply, and
in 1963 for irrigation of small grain,

For many years ground-water use was centered around the spring
complex at the Geyser Ranch and was directed largely to the raising of cattle.
Development of the spring area largely involved the construction of ditches
to collect spring discha&*ge for better control of the water, Later, a pipe line
was laid to conduct part of the flow of North Creek Springs.to a reservoir near
the ranch, This reduced seepage loss in the segment of the alluvial apron over
which the pipe line was laid, Subsequently four shallow irrigation wells were
drilled in the lower area at the Geyser Ranch. However, total pumpage from
these wells has been sinall and apparently the wells have not been pumped for
several years, The water from the springs in the vicinity of Geyser Ranch is
only partly used and most of it is discharged to the meadow and saltgrass areas
during the winter months,

It is estimated that the average discharge of the Geyser, North Creek
Springs and the spring complex at Geyser Ranch probably is in the order of
4, 500 acre-feet a year--only a small part of which is used at the present
tim3|

During 1963 two irrigation wells {6/66-22bl and b2) were used to
irrigate about 600 acres of newly reclaimed land in the southern part of the
valley. The estimated discharge from these wells was about 1, 900 acre-feet;
the total discharge from all wells in the valley was about 2, 000 acre-feet in
1963,

Potential Development:--The potential development of ground water in
Lake Valley is limited by the guantity and possibly to some extent by the gual-
ity of the water, Under the strict concept of the State law, the development -
would be limited to the perennial yield of the valley, which tentatively is
estimated to be about 12, 000 acre-feet, Of this amount roughly 4, 500 acre-
feet could be obtained by full development of the springs presently supplying
the Cieyser Ranch area in the northwestern part of the valley, Assuming that
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the discharge of the springs supplying the Geyser Ranch is or will be developed
fully, about 7, 500 acre-feet of the tentative perennial yield would be available ‘
for development by wells., This would include the 1, 900 acre-feet per year
discharged by the two irrigation wells in sec. 22, T. 6 N,, R, 66 E,

In-a hydrologic sense, but not necessarily in an economic sense, wells
should be located so that ground water would be intercepted prior to its dis-
charge from the valley by evapotranspiration or subsurface outflow to
Patterson Wash. This would suggest placing wells in or peripheral to the
phreatophyte area to intercept ground water moving from recharge areas to
the phreatophyte area and across the southern part of the valley to intercept
the underflow moving south to Patterson Wash, Obviocusly this would result
in wells being widely distributed in the valley.

Several non~hydrologic reasons support the idea that wells should be
grouped for optimum operation, However, such development normally leads
to the problem of local overdevelopment. That is, for many ground-water
systems, development in a small area of the system cannot change the routing
of recharge to the area of development under the general limitations of pump-
ing cost. To illustrate, if a small area were developed in Lake Valley, it
might ultimately require a local lowering of water levels of as much as 1, 000
feet to divert all recharge to the wells, However, under present economic
conditions of agricultural production, pumping would have to be curtailed
long before this, perhaps when water levels were lowered to 200 to 300 feet,

The selection of areas of intensive ground-water development probably
would be based principally on non-hydrologic factors, One area might be used
to illustrate some of the hydrologic aspects of the problem, Note that the dis-
cussion refers to guantity of water, but variations of chemical quality of the
water in part may impose restrictions in the actual operation of the develop-
ment.

: Assume a group of wells are located favorably to intercept the under-

flow from Lake Valley; that is, located within T. 6 N., R. 66 E,, and the
western part of T. 6 N,, R. 67 E, Further assume that the annual pumping
averages about 7, 500 acfe-feet--an amount equal to the estimated tentative
perennial yield minus the discharge of the springs in the vicinity of the
Geyser Ranch, In time water levels probably would be lowered 100 feet or
more--sufficient to intercept most of the underflow from the valley, The
amount of time required to reduce underflow from the valley to a minimum
probably would be several tens of years, Partly, this is due to the fact that
a substantial amount of stored -ground water in the vicinity of the wells would
have to be removed to provide the necessary lowering of water levels in the
pumnped areas, This would curtail most of the underflow from the valley that
would be derived from a volume of stored ground water in the areas south of
the pumped area, The amount of underflow would gradually decrease as this
stored water was depleted,
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To the north of the pumped area water levels would slowly decline--
the amount of the decline decreasing with digtance, If the average water
level were lowered 100 feet in the area of pumping, lowering of water level
10 miles to the north probably would not be more than several feet after 10
years of pumping. The northward expansion of the area of lowering of water
levels would continue until the inflow to this area balanced the discharge by
pumping, Asg water levels gradually were lowered beneath the area of
phreatophytes, the discharge of ground water by the phreatophytes would be
reduced. The amount of water salvaged would then be diverted to the pump-
ing area, However, because of the distance of the pumping area, used in
this illustration, from the area of phreatophytes, appreciable salwage of
phreatophyte discharge would not be achieved for many years. Further,
appreciable salvage of ground-water discharge by pumping in the area even-
tually would require pumping lifts too great for present economic feasibility.

Thus, in the example given annual pumping at the rate of about 7, 500
acre-feet-~the estimated perennial yield minus the estimated spring dis«
charge-~-probably could be maintained for many years, and might be limited
finally to the permissible costs of lifting ground water to the surface, It
may be noted that in the example given effects on the ground-water system
were based on a one-time use of the water such as would be the case if the
pumped water were exported from the valley. If the water were used for
irrigation, some proportion of that water very likely would return to the
ground-water reservoir to be used again, In effect this returned water
would delay the rate of water«level decline due to pumping.

Planned overdevelopment has been used in Utah and New Mexico to
achieve some additional economic benefits for limited pericds of time,
Planned overdevelopment is discussed herein only with respect to some of
the physical problerns relating to the occurrence, movement, and quality of
ground water to aid the reader in obtaining a fuller understanding of the
potential results of ground-water development in Lake Valley, It is intended
neither to support nor negate the possible use of such methods, '

In many ground-water basins outside Nevada, where large quantities
of ground water in storage are known to exist, the "mining" of ground water--
that is, withdrawing water for many years at a rate much in excess of the '
average annual natural recharpge--has been considered or actually has been
done, Uncontrolled pumping of ground water often has resulted in over-
development with the consequent continued lowering of water levels and
depletion of stored water. In some areas lowering of water levels has
amounted to several hundred feet over a period of time, Overdevelopment
commonly has resulted in much economic benefit and may, under the right
conditions, permit raising the economic level of an area to a point where
it can support the cost of importing needed water when the cost of obtaining
ground water locally becomes too great. However, if no water is available
for importation, the overdevelopment of ground water implies that at some
time in the future economic decline will result, One principal problem is
the difficulty of predicting the econornic cost limit of withdrawing ground
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water. The length of time that pumping may be continued may be extended,
if under actual conditions of withdrawal, rmore water is available than origin-
ally estimated, if greater efficiency of water use is achieved with time, or

~ if changes in use result in greater economic benefit. The length of time that

pumping may be continued may be shortened by the reverse of the above con-
ditions, or by a severe sconomic recession., It should be re-emphasized
that in Nevada present ground-water laws are based on the concept that
development should not exceed the perennial yield.’

The physical process of planned overdevelopment of a ground-
water reservoir involves withdrawal at a rate greater than can be supplied by
natural recharge for a specified period of time,

For the purpose of illustration, we may refer to a 50-square-mile
area in Tps, 6 and 7 N., R. 66 E,, and the west half of T, 6'N., R, 67 E, -~
more or less the same general area discussed previously. In 1963, depth
to water in this area ranged from 50 to 150 feet below land surface, We may
assume then that planned overdevelopment will limit the average lowering of
water levels in this 50-square-mile area to 100 feet. At this level, essen~-
tially all of the available inflow from the west, north, and east would be
intercepted and underflow southward {rom the valley from the area of pump-
ing would be reduced to a minimum, '

The magnitude of the annual pumpage required to lower water
levels an average of 100 feet beneath the 50-square-mile area can be compu-
ted by the equation: '

Stored water (acre-~feet)
Annual purnpage = years + Average annual recharge
{acre-feet)

The amount of water stored in the upper 100 feet of saturated materials
beneath the 50-square-mile, or 32, 000-acre, area may be estimated as

follows:

The specific yield may range from 10 to 20 percent-~that ig, 10
to 20 percent of the volume of the saturated materials would represent the
amount of water that would drain by gravity from these deposits, The
volume of deposits in a 100-foot thick section beneath this 32, 000-acre area
i3 3.2 million acre-feet, The volurme of water available from storage in the
saturated 100-foot section would range from 0,32 million to 0, 64 millidn
acre-feet for the respective gpecific.yield values of 10 and 20 percent.

The average annual recharge initially would be equivalent to the
estimated 3, 000 acre-feet of subsurface outflow to Patterson Wash, Even-
tually after the ground-water system was stabilized under the new regimen
resulting from the pumping, the average annual recharge might approach
7, 500 acre-feet, which is the tentative perennial yield minus the spring dis-
charge. For the purposes of illustration, an intermediate value of 3, 000
acre-feet is used to represent average annual recharge to the pumped area.
Thus, if overdevelopment were planned for a 25-year period, average annual
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pumpage would be computed as:

. For specific yield of 10 percent;

Annual pumpage = 320, 000 acre-feet | 5 000 acre-feet

25
12,800 + 5, 000

I

about 1§, 000 acre»feet‘

i

or, for a specific yield of 20 percent;

Annual pumpage = 640, 000 acre-feet | 5 000 acre~feet
25

= 25,600 + 5, 000

= about 31, 000 acre-feet,

Similarily, if the period of planned overdevelopment were 50 years, the
average anmial pumpage would be on the order of 11, 000 and 18,000 acre-
feet for the respective specific-yield values of 10 and 20 percent.

The effect of removal of ground-water in storage for the area peripheral
to the 50-square-mile area is not included in the compatation, for simplicity, '
. If it were, annual pumpage for the quantities given above would extend the
time it would take to produce an average lowering of 100 feet in the 50 square-
mile area; or, the quantities of purmpage mizht be increased somewhat for the
given time interval,

As mentioned previocusly, the required lowering of water levels would
average 100 feet in the 50-square-milz area. It should be noted, however,
that to accomplish this would require a substantially greater lowering of
water levels in and adjacent to the pumped wells, The accuracy of such fore-
casting is dependent on having reliable geologic and hydrologic data in the area
of concern, Thesc data, of course, are not available at present,
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DESIGNATION OF WELLS AND SPRINGS

In this report the number assigned to a well is both an identification
number and location number. It is referenced to the Mount Diablo base line
and meridian established by the General Land Office.

A typical number consists of three units. The first unit is the town-
ship north of the Mount Diablo base line, The second unit, a number sepat-
ated by a slant line from the first, is the range east of the Mount Diablo
meridian, The third unit, separated from the second by a dash, is the
number of the section in the township, The section number is followed by a
lower case letter, which designates the quarter section, and finally, a
number designating the order in which the well was recorded in the quarter
section, The lettersa, b, ¢, and d designate, respectively, the northeast,
northwest, southwest, and southeast quarters of the section.

Wells on plate 1 are identified only by the section number, quartera
section letter, and serial number, The township in which the well is located
can be determined by the township and range numbers shown on the margin
of plate 1. For example, well 5/66-14bl is shown on plate 1 as 14bl and is
within the rectangle designated as T, 5 N,, R. 66 E,
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Table 8, ~~Gelected drillers' lopgs of wells
_i'n Lake Valley,
Lincoln and White Fine Counties, Nevada,

Thick- Thick-
ness  Depth . ness Depth
{feet) (feet) (feet) {feet)
5/66-14b] 6/66-22b2 {continued)
Soil 3 3 Gravel and clay 16 322
Gravel, cemented, Sand, pravel, and
and clay 172 175 boulders 13 335
Sand 5 180 Boulders and clay 14 349
Gravel, cemented, Boulders and gravel 20 369
and clay 15 195 Boulders and clay 20 389
Sand 5 200 Boulders and gravel 21 410
Gravel, cemented, Total 410
and clay 20 220
Sand and gravel 5 225 6/66.35c]
Total 225 "
5ilt, cemented gravel
6/66-22b2 at 20 feet 20 20
Sand, black 142 162
Soil 10 10 Total 162
Gravel 9 19
Clay b &5 6/67-18cl
Gravel and sand 12 37 T
Clay and gravel 14 51 Soil 3 3
Gravel and sand 8 59 Gravel, cemented 227 230
Clay and pravel 10 69 3and 5 235
Clay and boulders 15 84 Gravel, cemented 55 290
Gravel and sand 2l 105 Gravel p 292
Boulders and clay B 113 Total 292
Clay and gravel 11 124
Gravel and sand 9 133
Clay and gravel 3 136
Gravel and sand 18 154
Clay and houlders 6 160
Gravel and clay 26 186
Sand and gravel 19 205
Sand and clay Z0 225
Sand and gravel 15 240
Boulders and clay 13 253
Gravel and sand 25 278
Gravel and clay iz 290
Gravel and zand i6 306
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Table 8. (continued)

7/67-6b1 (2}

Top soil {sandy loam)

Clay

Sand, heavy, and
gravel; water-bearing

Shale, blue

Sand and pea pravel;
water-bearing

Clay, sandy

Hwater!! sand, fine

Shale, red sandy

Sand, fine, and

pea gravel

Lime shelf

Ghale, sandy

Sand and gravel,
increase of water

Total

Thick-
ness  Depth
{feat) (feat)
16 16
16 32
53 85
18 103
162 265
46 311
107 418
15 433
332 765
12 77
44 821
51 a2
872
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Ground-Water Appraisal of Newark Valley, White Pine County, Nevada,
Dec., 1960, by Thomas E. Eakin. (Supply Exhausted)

Ground- Water Appraisal of Pine Valley, Eureka and Elko Counties,
Nevada. Jan. 1961, by Thomas E, Eakin, (Supply Exhausted)

Ground-Water Appraisal of Long Valley, White Pine and Elko Counties,
Nevada, June 1961, by Thomas E, Eakin, (Supply Exhausted)

Ground-"ater Resources of Pine Forest Valley, Humboldt County,
Nevada, Jan. 1962, by William C. Sinclair, '

(Ground-Water Appraisal of the Imlay Area, Humboldt River Basin,
Perghing County, Nevada. Feb. 1962, by Thomas E. Eakin,

Ground-Water Resources of Diamond Valley, Eureka and Elko
Counties, Nevada, Feb. 1962, by Thomas E. Eakin, (Supply Exhausted)

Ground.Water Resources of Desert Valley, Humboldt County, Nevada.
April 1962, by William €, Sinclair,

Ground-Vater Appraisal of Independence Valley, Western Elko County,
Nevada, May 1962, by Thomas E, Eakin,

Ground-Water Appraisal of Gabbs Valley, Mineral and Nye Counties,
Nevada. June 1962, by Thomas E, Eakin,

Ground-Water Appraisal of 3arcobatus Flat and Qasis Valley, Nye
County, Nevada. Oct, 1962, by Glenn T. Malmberg and
Thomas E. Eakin,

Ground-Water Resources of Hualapai Flat, Washoe, Pershing and
Humboldt Counties, Nevada. Oct, 1962, by William C,. Sinclair,

Ground- Water Appraisal of Ralston and Stonecabin Valleys, Nye County,
Nevada., Oct., 1962, by Thormas E. Eakin,

Ground-Water Appraisal of Cave Valley in Lincoln and White Pine
Counties, Nevada., Dec, 1962, by Thomas E. Eakin,

Ground- Water Resources of Amargosa Desert, Nevada-California..
March 1963, by George E, Walker and Thomas E, Takin,
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22,

23,

previously published reports (continued)

Ground-Water Appraisal of the Long Valley-Masgsacre Lake Region,

Washoe County, Nevada, by William €. Sinclair; also including a
section on The 3oils of Long Valley by Richard L., Maichow,
May 1963,

Ground-iater Appraisal of Dry Lake and Delamar Valleys,
Lincoln County, Nevada, May 1963, by Thomas E. Eakin,

Ground-Water Appraisal of Duck Lake Valley, Washoe County,
Nevada, June 1963, by William €, Sinclair.

Ground-Water Appraiszal of Garden and Coal Valleys, Lincoln and
Nye Counties, Nevada., July 1963, by Thomas E, Eakin.

Ground-Water Appraisal of Antelope and Middle Reese River
Valleys, Lander County, Nevada, September 1963 hy
E. G, Crosthwaite.

Ground- Water Appraisal of the Black Rock Desert Area,
Northwestern Nevada. October 1963, by William C, Sinclair,

Ground-Water Appraisal of Pahranagat and Pahroc Valleys,
Lincoln and Nye Counties, Nevada, October 1963, by Thomas E.
Falkin,

Ground-Water Appraisal of the Pueblo-Valley-Continental Lake
Repion, Humboldt County, MNevada, November 1963, by

William €. Sinclair,

A Brief Appraisal of the Ground-Water Hydrology of the Dixie-

Fairview Valley Area, Nevada. November 1963, by Philip Cohen and

D, E. Everett,
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PLATE1. MAP OF LAKE VALLEY, LINCOLN AND WHITE PINE COUNTIES, NEVADA
SHOWING AREAS OF BEDROCK, VALLEY FILL, PHREATOPHYTES, AND LOCATIONS OF WELLS AND SPRINGS.






