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EVALUATION OF THE WATER RESOURCES.OF LEMMON

, VALLEY, WASHOE COUNTY, NEVADA, WITH EMPHASIS
. ON EFFECTS OF GROUND-WATER DEVELOPMENT
TO 1971

By James R. Harrill

SUMMARY  AND CONCLUSIONS

This study, made in cooperation with Washoe County, City
of Reno, and Nevada Department of Conservation and Natural
Resources, reappraises the water resources of Lemmon Valley,
a small valley of about 93 square miles some 8 miles north of
Reno, Nevada. The water~resources reconnaissance (Rush and
Glancy, 1967) was too general to meet the needs of water
planners, developers, and administrators in this rapidly
growing suburban area.

This more detailed study was designed to reevaluate ground-
water recharge, discharge, and yield; to inventory ground-water
punmpage, imported water, and water use; to describe the geologic
framework as it controls the hydrology; the define the extent and
magnitude of ground-water storage changes; to delineate the
extent of poor-quality water; and to explore the possibilities
of artificial recharge and the potential affects of sewage
effluent on ground water. Table 1 summarizes the principal
quantitative estimates developed during this study. The principal
conclusions regarding the ground-water system in Lemmon Valley
are as follows:

l. Intense faulting and fracturing associated with the

Walker Lane fault zone have formed barriers to ground-water move-
ment in the valley-fill reservoir and have created permeable zones
in consolidated rocks which not only store water but also probably
transmit some water out of the valley. Fault barriers identified
in this study have necessitated division of the valley for hydrologic
studies into two major subareas, Silver Lake and East Lemmon, and
a further division of East Lemmon subarea into a Central area, Black
Springs area, and Golden Valley. Additional subdivision may be
required if development demonstrates the existence of additional
fault barriers. Ground-water flow within compartments formed by
barriers is complex and well yields are adversely affected. The
barriers also complicate any plans for the orderly development and

- management of the valley-fill reservoir.

2. Under natural conditions, recharge and discharge averaged
about 1,400 acre-feet per year--about 900 in Silver Lake subarea
and 500 in East Lemmon subarea. Perennial yields of the two sub-




Table 1.-—Summary of hydrologic estimates

(Water estimates, in acre~feet per year, except as indicated)

Silver East Lemmon
Lake Lemmon Valley
Item subarea subaresa {(rounded)
Area (square miles) . . . . o o + & « ¢« .« 53 40 93
Summary of natural copditions
PRECIPITATION . .+ « + » & » o « » o » & = o 29,000 21,000 50,000
RUNOFEFE . ¢« + ¢ & » o & = o s ¢ « &« @ s s.3= 2,200 1,200 3,400
GROUND-WATER INFLOW
Recharge . . « « o o 5 o« o 8 o o « « & 1,000 500 1,500
Possible subsurface inflow . . . + « . minor L minor
Underflow from Sillver Lake subarea
to East Lemmon subarea . o . « « « o — minor -
GROUND-WATER OUTFLOW
Evapotranspiration . « « « « « « + + - 760 420 1,200
Probable subsurface outflow - » - « e 200 200
Underflow to East Lemmon subarea minor o —
VALUE SELECTED TO REPRESENT NATURAL
CROUND-WATER INFLOW AND OUTFLOW . . . . . 300 500 1,400
PERFENIAL YIELD o . ¢ o 2 = o o s = o s o = o800 400 1,300
Summary of conditions as of 1971
IMPORTED WATER
Stead Facillty . « « « + & « = o ¢ s & 500 400 1.000
Ral&igh Heights ® ¥ 8 s @ s e [ ® @ » - a 150 ’
CGROUND=WATER INFLOW ; :
Hatural recharge . . « « » o s « &+ s = 1,000 500 1,500
Recharge from imported water . . . . . 100 b 250 350
GROUND-WATER OUTFLOW
Evapotranspiration . . « . « & < ¢ ¢ o 810 580 1,400
Probable subsurface outflow . . « « = - 220 220
Annual pumpage (1971)
Wirhdrawn « « = s o s s s ¢ 5 =+ 4 320 &00 520
Copaumed v o v s & s 6 & & % 200 1%0 3%0
Net increase in ground-water storage, : k
natural to 1971 conditions (acre-feet). . 2,200 3,000 . 5,200
AUCMENTED YIELD . . o « o o s o 5 s o = =« @ 1,000 b 600 1,600

TRANSITIONAL STORAGE RESERVE (acre~feet). . 90,000 50,000 140,000

a. About 60 acre-feet exported as sewage not indicated in total.

b. Includes 140 acre-feet recharged sewer effluent.
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areas are about 900 and 400 acr

3. ‘Water hag been importe
Stead Facility (formerly Stead
Since 1966, water has alsgd been
During 1971 about 900 acre-feet

a~feet, respectively.

d to Lemmon Vallevy for use at

Alr Force Base) since 1944,
imported to Raleigh Heights.
of imported water was used

by about 2,700 persons living at Stead Facility, including

industrial use. About 150 acre
persons living in that part of
study area; however, about 60 a
returned to the Truckee Meadows
period 1944-71 about 15,000 acr
imported for use at Stead. Bec
becomes secondary recharge, gro
increased by about 5,000 acre-{
evapotranspiration had increase
The augmented yield (perennial
from imported water) was about
S8ilver Lake subarea and about 6
East Lemmon subarea.

4., As of September 1971,
permits to pump about 15,500 ac
Valley. If all permits to pump
significant valley-wide overdra
pumpage in 1971 was only-about
only 400 acre-feet consumed,
acre~feet, was returned to the

-feet was used by about 700
Raleigh Heilghts within the
cre=feet of this water was

as sewage. Over the 27-year
e~feet of water has been
ause part of this water
und water in storage has
eet, Conseguently, as of 1971
d to about 1,400 acre~feet.
vield plus secondary recharge
1,000 acre-feet per year in
00 acre~feet per vear in

the State Engineer had issued
re-feet per year in Lemmon
water ware exercised, a

ft would develop. Annual

900 acre-feet withdrawn with
ater not consumed, about 500
ground-water reservolr slightly

degraded in guality. WNo overdraft on the ground-water reservoir
had occurred as of 1971, but significant declines had occurred

in localized areas.

5. If pumping is not strategically distributed with
respect to the supply, local overdraft may develop even though
no valley-wide overdraft exists. Optimum areal distribution
of pumping is difficult to predict, because of inferred fault
barriers and resulting compartmentation of the valley-=fill
regservolr. However, chances of local overdraft in Silver Lake
gsubarea would be reduced if net pumpage south of Silver Lake
were about 300 adre~feet per vear or lesgs and net pumpage north
of Silver Lake were about 700 acre-feet per vyear or less. 1In
East Lemmon subarea, chances of local overdraft would be reduc—~
ed if net pumpage were about 400 acre-feet per year or less in
the Central area, about 170 acre~feet per year or less in Black

Springs area, and 30 acre-feet

per vear or less in Golden

Valley. These estimates should be refined as more data concern-
ing cause and effect relationships are developed.

6. In 1971 the chemical guality of ground water, as

indicated by available samples,
most uses., Exceptions to this
salty water beneath the playvas
affected by local conditions.

generally was acceptable for
gre gccumulationg of naturally
in both subareas and some wells
Because salty water in the fine-




grained deposits beneath the playas vrobably will drain slowly
in response to pumping, no short-term vroblem is expected from
this source, particularly in deevn wells.

7. ~Future plans for ground-water development will be
affected principally by the gquantity of water available on an
annual basis (augmented yield), water-quality changes caused
by recycling of ground water, hydraulic barriers caused by
faults in the valley-fill reservoir, and areal distribution
of pumping.

8.  An average of 400 to 500 acre- f&&t per vear of stream-
~flow reaches Silver Lake where it ig lost by evaporation. Off-
channel spreading of the streamflow in the area between U. 8.
Highway 395 and the area of natural discharge might increase
ground-water recharge. Pumping in this area would salvage the

water for beneficial use.

9. Examples of several intensities of water use are pre-
sented. These range from one-~time use to recycling water to
the maximum extent possible. Generally, use on a one-time
bagis results in minimal water-quality problems and is less
expensive; however, return flows potentially available for
reuse would not be utilized. Maximum reuse would compnletely
utilize all water possible, but treatment to maintain accept-
able gquality would substantially increase the cost of water.
The amount of reuse feasible depends on economic factors and
is between the two extremes cited. If imports were to remain
the same as in 1971 and if water were used on a one-time=only
basis, Lemmon Valley could support a population of slightly
more than 10,000 persons indefinitely (this assumes an average
use of about 200 gallons per day per person). If this same
supply were reused to the maximum extent possible and if
adequate treatment were provided, the valley could support
about 24,000 persons indefinitelyv.

Examples are also given whereby the local supply could
be augmented by imported water from the Truckee River in con-
junction with a planned return flow. One example shows that
with careful water management and treatment, importation of
3,100 acre~feet per yesr plus local ground-water supply and
reuse would also supply a population of about 24,000, Return
flow to the Truckee River would be about 2,200 acre-feet per
year; a net diversion from the Truckee of only about 900 acre-
feet per year. Legal and other aspects would have to be
resolved.

10. The cause and effect relations described in this revort
are first approximations based on data available as of 1971. To
make future refinements in cause and effect relations, reasonably
detailed records of pumpage, periodic measurements in selected
observation wells (preferably in the spring before large~scale




pumping begins), and periodic samples of pumped water to monitor

the quality would provide much
Extensive drilling and testing

f the needed information.
ight be required to evaluate

conditions in areas of compartmented valley fill, and to evaluate

more accurately the areas and ar

aounts of subsuriace oukflow.




INTRODUCTTON

PUrpose

and Scope

This is the second report
Valley area prepared by the U.
prepared in cooperation with t
and Nevada Department of Conser
The first report (Rush and Gla
of 11 valleys in western Nevada
estimates of the water supply c

The need for this study ar
and industrial development migh

ground-water supply of Lemmon Valley,

study gave a wide range in the
tween 1,200 and 2,100 acre~feet
specific enough information to
needs. Also, the reconnaissan
ing the ground-water flow syste
not be resolved during the brie

Therefore, the principal o
(1) to reappraise natural recha
perennial yield of the ground-
geologic framework as it contro
describe the flow system and ev
basin flow; (4) to inventory de
appraise effects of pumping and
system; and (5) to appraise the
better define areas of poor wat

for comparison in the future.

Field work began in July 1
1971, and included: canvassing
collecting water samples, mappi
one pumping test, field checkin
and drilling 27 small-diameter
data were needed. Surface-wate
charge and channel-geometry mea

The estimates developed in
errors that are inherent in anp
and in the simplifying assumpti
natural conditions. Estimates
basin generally are considered
25 percent. However, additiona

rater syste

on the hydrology of the Lemmon
5. Geological Survey:; it was

e City of Reno, Washoe County,
vation and Natural Resources.
cy, 1967), was a reconnaissance
» It included preliminary

£ Lemmon Valley.

ose from concern that residential
t regult in an overdraft on the
Estimates in the earlier
amount of water available (be=-
per vear) which does not provide
meet present and future planning
e study posed questions concern-
m and water quality which could

£ initial study.

bjectives of this study are:

rge to, discharge from, and

m; (2) to describe the
ls the hydrologic system; (3) to
aluate possible areas of inter-
velopment as of 1971 and to
importing water on the hydrologic
chemical quality of the water to
er quality and provide a basis

971 and was completed in December
and measuring selected wells;,

ng areas of phreatophytes, making
g data fro :
bservation wells where additional
rorunoff was estimated from dis-
surements made at selected eites.

this study are subject to some
lying point data to large areas
ons made in order to evaluate
Jerived for a complete hvydrologic
to have errors of less than about
L svecific data would be required

to apply these generalized estimates to a part of a basin with-

out risking increased error.

m published geologic maps,




Location and General Features

Lemmon Valley is a small topographically closed basin about
8 miles northwest of Reno, in Washoe County, Nevada. Total area
of the valley is about 93 square miles. Rush (1968) divided the
valley into two parts, an eastern part and a western part. These
subdivisgions are used in this report and are shown in figure 1.
Figure 1 also shows the principal features and locations of main
roads and weather station.

The eastern part of Lemmon Valley contains about 40 sguare
miles, and is referred to as the Fast Lemmon subarea. It is
further subdivided into Golden Valley (4 sguare miles), Black
Springs area (11 square miles), and the Central area (25 square
miles), as shown in figure 1. Altitudes range from about 4,915
feet on a small playa near the center of the subarea to 8,266
feet on Peavine Mountain. Mountains along the east border
generally have altitudes of less than 6,000 feet.

The western part of the valley covers about 53 square miles,
and is referred to as the Silver Lake subarea. Silver Lake is
an intermittent playa in the southern part of the subarea. Al-
titudes range from about 4,955 feet on Silver Lake to 8,266 feet
on Peavine Mountain.

Acknowledgments

Acknowledgment is made of the cooveration of local residents
of the valley in supplying data and permitting access to their
wells for purposes of measuring water levels, collecting water
samples, and obtaining discharge data during the course of this
study. The Desert Research Institute of the University of Nevada
supplied water-level measurements made in about 60 selected wells
during March and June of 1971. Additional data on specific areas
of the valley were provided by Leareno Inc., Mr. James Sweger of
Ssilver Knolls Estates, the Lemmon Valley Land Company, and Mr.
Keith Meador. Data on quantities of imported water and on power
consumption of large wells were furnished by the Sierra Pacific
Power Company. Wholehearted assistance was also received from
Federal, State, and local ¢overnmental agencies. Covies of water-
guality analyses of samples from wells were provided by the State
Department of Environmental Health. Most of the drillers' logs
and data on well construction used in this investigation were
furnished by the State Engineer of Nevada.




DEVELOPMENT

Lemmon Valley is currently undergoing a period of rapid
growth for residential and industrial purposes. This is large-
ly because of its proximity to the City of Reno.

Prior to the 1940's the a
Population was limited to seve
some- houses along the Western
sisted of mining and some catt
Stead Army Air Base was establ ,
for the base was from wells 21/19-30ddda and 21/19-3lcecccl
(pl. 1) and a mine shaft on Peavine Mountain. Water from well
21/19-31cccel and the mine shaft was of poor guality. Water
from well 21/19-30ddda was of good guality, but the vield of
the well was small.

arsely inhabited.

al small farms in the valley and
Pacific Railroad. Industry con-
le ranching. In the early 1940's,
ished. The initial water supply

rea Was Sr

To obtain a dependable supply, water was imported from the
Truckee River. The initial vpipeline was installed in 1944 and
served the needs of the base until 1956 when a l4-inch line was
installed which is still in use today. Stead Air Force Base
remained the principal industry in the valley until it was closed
in July 1966 and released to local interests. Currently, the
City of Reno operates the airport and sewer facilities: about
650 houses are rented by commercial interests {Oasis ‘Homes and
Stead Park). The Stead Facility of the University of Nevada and
several industries occupy most of the former military base, and
Washoe County has expanded the 9-~hole golf course to an 18~hole
public course.

Population (excluding Stead Air Base) increased from about 75
in 1946 to about 550 in 1956 (both estimates from air vhotos); and
about 2,000 in 1966 (Rush and Glancy, 1967, ». 39). Using an eg-
timated population for the Stead Facility of about 2,500, the es-
timated total population of the valley in 1966 was about 4,500.
Rapid growth has occurred since 1966, and in 1971 estimated total
population was about 7,000. This includes about 2,700 persons
living at Stead and about 700 persons living in that part of the
Raleigh Heights subdivision (fig. 1) which extends into Lemmon
Valley. These residents are supplied by imported water. The re-
maining 3,600 persons obtain water from ground-water supplies
developed within the area. About 900 obtain water from individual
domestic wells and 2,700 are supplied by water companies or privately
owned systems, such as those which serve trailer courts.

As of 1971, large areas of

for future development, and the
to pump about 15,500 acre-feet
granted to pump about 600 acre-
Cold Springs Valley for use in

additional land had been subdivided

State Engineer had granted permits
per year. Permits had also been
-feet of ground water from adjacent
Lemmon Valley.




HYDROLOGIC ENVIRONMENT

Physiographic Features

Landforms in Lemmon Valley are typical of those in the Creat
Basin. The valley is a structural depression vartially filled by
unconsolidated and semiconsolidated lacustrine and subareal de-
posits. Physiogravhically the valley may be divided into three
parts: mountains, alluvial aprons, and playas.

. The mountains bordering Lemmon Valley consist of complexly
faulted granitic, volcanic, and metavolcanic rocks. Their aross
size, shape, and relief were controlled by faulting associated
with large~scale regional deformation. Erosion and smaller struc-
tural features largely account for the present topography.  The
mountains are areas of active erosion and are the ma’jor source

of both sediment and water that reach the valley.

The alluvial apron is the area of intermediate slope between
mountains and the comparatively horizontal playas. Sloves on the
apron range from about 800 feet per mile on the north flank of
Peavine Mountein to several feet per mile near the playas. The
apron generally is composed of coalescing alluvial fans but may
also contain pediments, or areas where bedrock is covered by a
thin sheet of alluvium. 1In some areas, such as parts of the
north slope of Peavine Mountain, alluvial deposits have been up~-
lifted by recent structural deformation. These areas are commonly
deeply dissected, and older alluvial deposits are exposed at the
surface. Local relief may be as much as 150 feet.

Playas occupy nearly horizontal areas near the centers of the
two subareas. Each subarea is topographically closed and contains
one or more playas, as shown on plate 1. 8ilver Lake subarea has
one large playa, Silver Lake (area 430 acres) and three smaller
playas (combined area about 70 acres). FEast Lemmon subarea contains
one large playa (area about 800 acres). Playa altitudes in the
Silver Lake subarea are 40 to 50 feet higher than the East Lemmon
playa. This difference has hydrologic implications which are dis-
cussed in a later section of this report,

A Pleistocene lake occupied parts of both subareas. Shoreline
features are prominently developed along the northeast side of Fast
Lemmon subarea. The highest observed features were at an altitude
of about 4,980 feet. Well-defined shoreline features were not ob-
served in the Silver Lake subarea. ~

11




Lithologic Units : .

For the purposes of this revort, the five major lithologic
units in Lemmon Valley were 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 comoose the moun-
taine and underlie the valley fill, commonly have low porosity and
permeability, and except where highly fractured, do not readily
fransmit water. The five lithologic units are described in table .
2: descriptions are based on the work of Bonham (1969) and field
observations. Areal distribution of these units is shown in

figure 2.

Structural Features

Rocks in the study area are believed to have undergone two
periods of structural deformation:  one in late Mesozoic time
and the other in late Tertiary and Quaternary time (Bonham, 1969,
p. 42). The late Mesozoic period of deformation resulted in pre-
Tertiary sedimentary and volcanic rocks being strongly faulted
and folded and regionally metamorphosed prior to the intrusion of
granitic rocks in the Cretaceous period. The second period of
deformation began in the middle to late Tertiary and has continued
to the present. It has formed the structural depression underlying ;
Lemmon Valley and shaped many existing topographic features of the .
area.

The structural features formed during this last period of
deformation have greatly affected the ground-water flow system in
Lemmon Valley. The effects are mainly related to one of two con-
ditions: (1) development of bedrock permeability by formation of
highly fractured zones adjacent to faults, and (2) the formation
of barriers to ground-water movement, probably resulting from poor=
ly sorted material and cementation along fault surfaces in the valley
£ill.

The high degree of structural deformation in the area is due
in part to its close proximity to the Walker Lane structural zone
which is adjacent to the north part of the area. Bonham (1969,
p. 44 and pl. 1) describes the zone in Washoe County as a number
of prominent, en-echelon, northwest-trending faults in a zone
approximately 20 miles wide extending from Wadsworth, Nev., northeast
through Honey Lake Valley and the southern end of the Smoke Creek
Desert. This same zone then extends northwestward into California.
Long, large-scale faults associated with this structural zone may
provide continuity to zones of fractured bedrock which would not be
present in other areas. Maps by Rush and Glancy (1967, »l. 1) and
Bonham (1969, pl. 1) show the extent of these features 1n areas
adjacent to Lemmon Valley.
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Table 2.~Principal lithologic ‘units

Estimuted
Unit thickness
- _bge designation (feet) Lithology Oceurrence General hvdrologic properties
Unconsolidated allu~ Occur as gllivial-fan Permeabllity ranges from low
@ vial and colluvial deposits around margine [to high, Zones of high per—
s deposits of inter~ of the valley snd lake~ |meability generally are sand
29 Younger bedded sand, gravel, &ed and playa deposits land gravel deposits.
8 llngi 0~300% s8ilt, and clay. in central part of the
2 2 aliuvium Materials generally valley.
- - moderately to well
- B @ i sorted and form
- : lenticular bodies.
j Alluyvial and colluvial Occur along marging of - |Permeability ranges from low
I ™ deposits of gravel, the valley primarily ‘as [to high. Low permeabilities
- @ sand, silt, and clay, lluvial<fan deposits generally associated with
- g ™ Partially consolidated jand underlies younger semiconsolidated deposits or
= g |~ (cemented) locally and lalluvium. In many areas |[deposits high in silt and
o g | Older o-1200+ |&E depth, Deposits at jthese deposits heve been clay. Faults may form bar-
B 17" alluvium ~ {depth in central part structurally deformed. riers to ground-water move-
o of valley may contain plifted areas have gen-|ment. Deposits at depth
o slightly higher pro- lerally been dissected by near the centers of the
portion of sand and BtTeams . valleys form the most pro-
gravel than overlying ductive known aquifers in
deposite. the valley,
Flows of andesite, ccur  as small outcrop [Commonly have little or no
basalt, and rhyolite, lat south end of Frads interstitial porosity, except
flow breccia, mud- ountain and around mar~|where highly vesicular. May
B flows, and associated lgins of Golden Valley., transmit some water through
ad sedimentary rocks., 8Tge outcrops are pres= joints and zones between
L Include rocks from ent along east border of (flows.
= Velcanic . the Pyramid sequence, atudy area adjacent to
Bt @ rocks Hartford Hill Rhyolite ungry Valley. Locally
] - tuff, Alta Formatlon, junderlie valley £111.
=) v and an unnamed
Bt @ sequence of hasalt and
= sedimentary rocks as
mapped by Bonham
w (1967).
PR
“ Uccur “as faulted blocks|Virtually no interatitial
B hich form the mountains |porosity and permeability;
= north of Peavine Moune normally tranemits small
@ - tain., Have undergone quantities of water through
§ " Granitic = Frincipally granodi- |several sequences of fractures and weathersd zones.
@ @ rocks orite deformation and in local{If highly fractured nay be
b @ areas are highly faulted capable of transmitting
& " and fractured. Locally |moderate quantities of water,
: underlie valley £111.
Regionally and ther- |[Decur on Peavime Moume Low interstitial porosicy
mally metamorphesed tadn and se small ot~ - land permesbility. May trans-
ﬁ = ”&“";’3;2“1"‘ volcanic £lews, Fmpa along the west nit some water through
g % g metasedimentary brecela, and pyro- side of the valley, fractures,
EE rocks tlastic and associ- Locally underlie vallsy
= ated sedimentary £111,
deposits.
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The faults shown on plate 1 are those mapped by Bonham (1969),
Rush and Glancy (1967), and a few additional. ones mapped during
the course of this study. These represent only the most readily
discernable faults. Examination of areal photographs and brief
field observation suggest that other faults exist; however, it was
beyond the scope of this study to properly map them.

The six faults that most discernably effect ground-water flow
nave been named or lettered so that they could be more easily re-
ferred to in later sections of this report. The name and the letters
are shown in figure 2.

Climate

Climate in Lemmon Valley is similar to that of other valleys
in western Nevada at comparable altitudes. Precipitation is con-
trolled largely by topography. Air masses that move eastward
over the State are generally deficient in moisture, and areas at
low altitudes commonly receive less moisture than areas at higher
altitudes. Winter precipitation generally falls as snow from
regional storms, whereas summer precipitation is localized as
thunderstorms of short duration and commonly of high intensity.

Records from one precipitation station in the valley and two
nearby stations are listed in table 3. Average annual precipitation
in Lemmon Valley probably ranges from slightly less than 8 inches
on the lower part of the valley floor to more than 20 inches on
the upper slopes of Peavine Mountain. Much of the precipitation at
the south end of the valley falls on the north slope of Peavine
Mountain where potential evapotranspiration is less than where the

mountain slopes have a southerly exposure.

Rush and Glancy (1967, p. 7) summarized freeze data from
published records of the U. S. Weather Bureau for six stations
adjacent to the study area. These data suggest that in Lemmon
Valley the summer period between 320F frosgts is usually about 100
to 130 days and the period between 280F frosts is usually from
about 130 to 170 days.

Precipitation records for nearby stations indicated that 1969
and 1970 were vyears of above-average precipitation at most stations.
These two wet years immediately preceding this study probably have

had some effect on water levels in wells and vegetation densities
observed during this study.
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Table 3.——Average monthly and smnual precipitation, in inches, at
three stations in or near Lemmon Valley

[From records of the National Weather Service]

stationl/ Jan. Feb, Mar. Apr. May June July Aug. Sept. Oct. Nov, Dec. Annual

Reno 1.27 0.910.71 0.45 0.61 0.41 0.28 0,20 0.26 0.42 0.65 1.05 7.22
Sand Pass 1.02 .83 .56 .44 .52 .53 .19 .12 .30 .47 .60 1.02 6.60
Stead AFB 1.3 1.28 .73 .51 1.18B .34 .31 .28 31 .47 64 1.07 aB.42

i

1. Information on station locations given below

Altitude Statlon location Period of record Remarks
4,404 T.19 M., R.Z0E., sec.1B 34 years, About 10 miles south of
1837=70 study area.
4,198 T.28 N,, R.20 E., sec.31 54 years, About 40 miles north of
1913=62, study area.
1867~70
5,046 T.21 N., R.19 E,, sec.29 13 vears, Hesr center of study
1952-66 area. See figure 1.

a Eaﬁputer printout of Stead AFB data showed average January precipitation
of 3.98 inches and sn average annual precipitation of 11.1 inches. Values
ghown in above table adjusted on basis of monthly distribution of
precipitation at eight surrounding stations (Reno, Sand Pass, Dovlie,
Vinton, Portola, Sierraville RS, Doyle 5SSE, and Loyalton).
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Table 4.--Estimated transmissivity and average permeability of bedrock

[Based on data in drillers’ logs]

Average
Estimated Open intervall/ permeability
transmis— for open
Depth  sivity ‘ Thick- Type of intervald
Location (feet) (gpd/ft) From To ness rock (gpd/ftz)
20/19-10aa3/ 160 7,500 110 160 50 Granite 150
~10dabdl 150 1,000 90 150 &0 Granite 17
=14abbe? 100 1,000 54 100 46 Fractured 22
rhyolite
L 135 2,800 68 135 67  Fractured 42
thyolite
~14a3/ 155 1,100 64 155 91  Fractured 12
rhyolite
=]15hcca 216 240 116 216 100 Granite 2

[ g
« % =

Either perforated casing or uncased hole in bedrock.

Average permeability for entire thickness of open interval. Water
commonly produced from smaller interval of fractured rock.

State log number 6922, not shown on plate 1 or listed in table 24.
State log number 11726, not shown on plate 1.

State log number 11735, not shown on plate ‘1.
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s than the area of valley fill
eralizations may be made from the
ess of £ill in the Silver Lake
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e Silver Lake subarea is not known

,000 feet. Bonham (1969, p. 53)

states that the northwest~tren

ding fault that bounds the steep

northeast face of Peavine Mountain has over 2,000 feet of dip-

slip displacement.
exceed this amount.,

Maximum thickness of fill probably does not
Comparatively thin accumulations of fill

are present in Golden Valley where the thickness did not exceed

200 feet in any of the wells.

Thicker accumulations occur in the

Black Springs area and depths to consolidated rocks of more than

400 feet are probable. Howeve
ness may occur due to structur
on plate 1. 1In the Central Ar
less than 100 feet along the s
than 600 feet near the Airport

Transmissivi
Coef

The transmissivity and st
water-bearing properties of th
a measure of the ability of an
water. It is dependent on the
the aguifer. The coefficient

r, considerable variation in thick-
2l relief caused by the faults shown
ca, depth to bedrock ranges from
sutheast side of the valley to more
Fault,

ty and Storage

ficients

orage coefficient express certain

valley f£ill.  Transmissivity is
agquifer or reservoir to transmit
permeability and the thickness of
»f storage is a measure of the

5

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 pump-

ing,

Transmissivity may be est]

or in the determination of subsurface flow.

mated from specific capacities of

wells, which are usually expressed as vyield in gallans per minute

per foot of drawdown.

Properly

designed wells in deposits with

high transmissivities have higher specific capacities than wells
tapping deposits with low transmissivities.
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Transmissivities were determined from one pumping test made
during this study and from reported specific capacities and pump-
ing-test data for nine other wells. These estimates are shown
in figure 4, and represent the ability of thick sections of valley
£i111 to transmit water laterally. Insufficient data are available
to delineate zones of different transmissivity. Point values shown
range from less than 10,000 gpd (gallons per day) per foot of
aguifer near Peavine Mountain to nearly 100,000 gpd per foot near
the center of the Silver Lake subarea. Because estimates of trans-
missivity made from specific capacities are scmetimes low, maximum
transmissivity may exceed 100,000 gpd per foot. As previously
mentioned, transmissivity is the product of the average permeability
and thickness. Table 5 lists estimates of the average permeability
of water-bearing materials described in drillers' logs. The most
common water-bearing material is described as sand. Estimated
average permeabilities range from about 12 to 360 gpd per sruare
foot; however, because specific capacities locally may be affect-
ed by barriers, the lower values probably are correspondingly
small:

A storage coefficient of 0.0003 was computed from the gshort-
term pumping test run on well 20/19-15bbdc2. This value indicates
that response to short-term pumping is artesian. Over the Long-
term, however, most alluvial deposits drain slowly in response to
pumping, and the coefficient of storage usually will be nearly
equal to the specific yield. Thus, in any analysis of long=term
cause and effect relations, the valley-£fill reservoir must be
considered as a water-table system. Storage coefficients 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 is the
ratio of (1) the volume of water which, after being saturated, the
deposit will yield by gravity to (2) its own volume, usually ex-
pressed as a percentage (Meinzer, 1923, p. 26). Estimates of
average specific yield of the upper 50 feet of saturated deposits
(nonpumping water levels) were made from descriptions in drillers'
logs. Deposits described were grouped into the five general litho-
logic categories listed in table 6. Crecific-yield values were
assigned to each category on the basis of values determined by
Morris and Johnson (1966) for similar deposits. Observations made
by the U. 8. Geological Survey "hile drilling 27 small-diameter
test holes in undeveloped parts of the valley were used to supple-
ment information from drillers' logs.
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Figure 5 shows the estimated distribution of specific yield
in Lemmon Valley. Areas of lowest specific yield are assoclated
with playa deposits in the Silver Lake and East Lemmon subareas.
Weighted average specific yield of the valley f£ill is about 16
percent in the Silver Lake subarea and about 14 percent in the
East Lemmon subarea.

Source, Occurrence, and Movement oL Ground Watey

Virtually all ground water in the valley, except that recharg-
ed from imported water, is derived from infiltration of precigitation
that falls within the drainage basin. Most deen infiltration is
from runoff and occurs on the upper slopes of the alluvial apron;
however, some deep infiltration also occurs in the mountainsg where
percolating water moves through bedrock fractures to the zone of
aaturation, then laterally to the valley~fill reservoir. - During
exceptionally wet years, significant amounts of moisture may also
infiltrate to the zone of saturation from precipitation on the upper
slopes of the alluvial apron.

Ground water occurs in saturated parts of the valley fill where
it occupies intersticies present in the granular clastic deposits
and chemical precipitates. It occurs under both water~table and
artesian conditions. Artesian conditions occur where saturated
permeable deposits are overlain by less permeable strata and where
the water at the top of the aguifer is greater than atmospheric
pressure. Water-table conditions exist where the saturated deposits
are not confined by poorly permeable strata and where the water
pressure at the top of the zone of gaturation, the water table, is
equal to atmospheric pressure. Figure 6 shows approximate depths
to water in the fall of 1971.

Artesian conditions occur in secs. 1, 2, 11, and 12, T. 20 N.,
R. 18 E., and sec. 36, T. 21 N., R+ 18 E. This area containsg
several springs and seepage areas and some flowing wells. Artesian
conditions also occur at depth in the valley fill where lenticulax
deposits of silt and clay partially confine the water in underlying
deposits. :

Ground water moves along the paths of least resistance from
areas of high hydraulic head to areas of low hydraulic head. The
rate of movement depends on the hydraulic gradient and the perme-
ability and porosity of the material through which the water is
moving. Typical rates probably range from a few feet to several
hundred feet per year.

24



¥
Aokl

SYl UL sanjeA AJLALSSLWSURLY JO UOLINGLUAISLO ~'§ 24nBL4

JLOAADSBA [111-AD)1PA

fypredes nyveds

PRIOHR W) DEIBUISS anges

2epa Bleyowiy oo o fep sad
BUOHED U ARASEIUSURI B JSgUINN

HEA
1
000°Z o
PR sIaUM paeR ﬁ&maa“

osdde aieym peysep Jney
ST S e, e i,
Ampunoy ssipgng
i i
Aappiinoy Higey

e R S Ry
ORI

SHI0I PAIEPIOSUCT

sysodep -y s,

1

b

&

&
P
s
&
)
o

-moaa £z]

[000%91]

fooo®ztl
L 3

[
[ooz®y]

L
NOTLYNYIdX3

[o00%96]
L ]

&

&
fooo*s]

t«w mmacanﬂﬂu_ mi
- o

&

BTIN T




Table 5.--Estimated permeability of water-bearing
material in the valley fill
[Based on data in drillers' logs]

Water-bearing material

Thickness Thickness
perforated in Aver age
Transmissivity interval perforated permeability
Location gggd/ftZ}f (feet) Description  interval (ggd/ftz)
21/18-26aaab 4,200 62 gand 27 155
~26aadb 12,000 Fa sand 33 360
20/19-11ddbel 1,100 40 sand 21 52
~11ddbc2 800 40 sand 18 45
~11ddeb 800 40 sand 17 &7
-15dbdec 4,000 135 sand, gravel, 77 a 52
and rock
-15becde 11,400 200 gand 93 120
21/19-18cbdd 40,000 408 o o - >100
=19bacc 96,000 336 sand, minor 296 290
gravel
~22bcdce 5,000 400 sand , minor 202 a 25
gravel
-26chac 7,800 335 — R >23
-30ddda 5,000 483 sand, minor 234 a 21
gravel
=3lccecl 2,400 1,012 sand, gravel 203 a 12
~34bbab 16,000 212 sand, some 98 180
gravel and
clay
-34bbba 23,000 268 sand 135 170

1. Estimated from reported specific capacities.

a. Value significantly lower than that expected from description of material,
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Table 6.-~Specific yields of materials described in drillers' logs

Assigned

Lithologic category specific-yield valuel/
(based on drillers' description) {percent)

Sand, fine, medium, and coarse 30
Gravel; sand and gravel ‘ 25
Sand, gravel, and clay; gravel and clay;

cemented gravel 15
Sand and clay; sandy clay, silt, mud, muck 10
Clay 5+

1. Assigned specific-yield values based on Morris and Johnson (1966).
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The lateral movement of ground water in the valley fill
generally is parallel to the slope of the water surface. A down-
ward component of movement occurs in areas of recharge and an
upward component occurs in areas of pumping and evapotranspiration.
The slope of the water surface is shown in figure 7 which shows
contours of approximate springtime water levels for natural
conditions prior to any extensive withdrawal of ground water
by pumping or any importation of water. Conditions for figure 7
were reconstructed from water-level measurements made in 1942 by
the U. S. Army Corps of Engineers (table 25 at end of report),
drillers' reports of water levels in older wells (table 24 at end
of report), and some present-day water levels which are largely
unaffected by development. These contours indicate the general
direction of ground-water movement under natural conditions. The
direction of movement is perpendicular to the contours.

Generally water moves from areas of recharge to areas of dis-
charge in the central part of the valley. This pattern of flow is
complicated by fault barriers (fig. 6). The principval effects of
these barriers are (1) to restrict flow between the subareas, and
(2) to compartmentalize parts of the valley-fill reservoir in the
Black Springs area. These effects are evidenced by offsets of
water levels on the opposite sides of faults. The most pronounced
offset, about 100 feet, is across the Alrport Fault.

A northeastward hydraulic gradient across faults A, B, C, D;
and E is shown in figure 7. This probably is caused by the combined
effects of localized recharge from streams which flow across the
faults, ground-water spillover in topogravhically low areas, and
possibly some subsurface leakage. Ground-water movement in this
part of the valley is complex, but the contours as drawn suggest that
there is very little flow between subareas.

Water-level contours in Golden Valley indicate that water moves
from the low bordering mountains toward the center of the valley and
then northwestward through a gap to the Central Area. Contours as
drawn at the lower end of Golden Valley suggest that some ground
water may flow through bedrock as it moves out of Golden Valley.

Ground water in the Central Area flows northwestward beneath
areas of evapotranspiration in the center of the valley. Water not
consumed by evapotranspiration flows to a linear ground-water sink
immediately east of the Airport Fault. Ground-water levels along
the linear sink are the lowest in Lemmon Valley. The area of low-
est observed water levels is remote from pumping and the water-level
configuration could not be explained by the distribution of phre-
atophytes. Therefore, it is concluded that ground water wnrobably
flows out of the area through fractured bedrock adjacent to and east
of the Airport Fault. The direction of flow is probably to the north.
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Ground-water levels west of the Airport Fault are much higher
than water levels east of the fault. Thus, the fault agts as 3
barrier to movement in the valley fill: however, fractured con-
solidated rocks adjacent to the fault may act as a ground-water
drain. It was not determined why indications of subsurface
drainage were observed only east of the fault. Adequate hydraulic
continuity may be developed only along the east side of the fault.

Not shown in figure 7 are indications of the vertical move-
ment of ground water. Three sets of paired wells (two adjacent
wells of different depths) were drilled to obtain information on
vertical movement of water. Wells 21/19-22bdabl and 2, an’ T1/19-28
cecdl and 2, in phreatophyte areas in the Central Area, exhibited
differential heads which indicated upward movement of water. Underx
natural conditions u ~rd movement also occurred in Silver Lake
subarea near wells 21/18~36addbl and 2. This natural gradient is
reversed during summer months as a result of pumping nesrhy wells
21/19-31cecc2. The upward component of movement was hoted in
wells less than 150 feet deep. However, water levels in four
deeper wells in the Silver Lake subarea, suggest downward leakage
from the upper several hundred feet of valley fill to deever
valley-fill deposits. The U. 5. Army Corps of Engineers (1943,

p. 9) reported that in 1942 the water level in a shallow farm
well, about 150 feet from well 21/19=-3lcccel (total deoth 1,170
feet and not perforated above 158 feet), was at an altitude about
12 feet higher than the water level in the deep well. Also, water
levels in wells 21/19-18bada, 21/19-18cbdd, and 21/19=19%bacc (all
three wells deeper than 800 feet and not perforated above 300 feet)
are significantly lower than water-level contours drawn using only
nearby shallow wells.

A northward gradient is oresent from well 21/19-18chdd to
well 21/19-18bcba. The absolute difference in altitude is small,
only about 2 feet, but was confirmed by instrumental leveling.
(see water-level measurements and relative land-surface altitudes
listed in table 24 at the end of the report,) Also, a northward
gradient exists from well 21/18-24adac to wells 21/18-24aabc and
21/18-24aabd. Here the absolute minimum difference in water-level
altitudes is about 10 feet which, even though not checked by in=
ctrumental leveling, probably is significant. These observations
could be explained by poor hydraulic continuity between wells,
different perforated intervals, or local affects of pumping.
However, the explanation that best fits the above-inferred down=
ward movement of ground water and localized northward hydraulic
gradient is leakage into bedrock similar to that vostulated
adjacent to the Airport Fault in East Lemmon subarea. In this case,
however, there is insufficient information to avaluate the nos=
gibility.
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INFLOW TO THE VALLEY~FILL RESERVOIR

Preci

oitation

Precipitation is the sourc
naturally entering the hydroclog
the precipitation that falls on
evaporated from vegetation or t
as surface flow, part infiltrat
replenishes soil moisture, and
the zone of saturation where it
system. The total average annu
Valley is about 50,000 acre-fee

Surfa

ot

< of virtually all the water
1c system in Lemmon Valley.

Of
the basin, part is directly

he ground surface, vart runs off
s to shallow devths w!

dere it
art eventually infiltrates to

recharges the ground-water

al precipitation in Lemmon
t (table 8, later in report).

e Water

by D

28

Moore

Genaral

Runoff in Lemmon Valley is
precipitation or rapid snowmelt
intense on the mountain blocks

F

than on the lowlands.

Conditions

generated by high intensity
and is more freguent and more
Minor

amounts of surface-water flow from springs occur locally in
stream channels on the northeastern flank of Peavine Mountain.

One of the largest springs, in the east half of sec,

R. 19 E. (pl. 1), had a flow of
in August 1971.

20, T, 20 N.,

0.3 cfs (cubic feet per second)

Occasional flow may occur locally on alluvial fans and playa

areass

Although this type of streamflow is so erratic in frequency

and duration that it is difficult to use directly, it may provide

significant recharge to the ground-water system.

Most runoff

infiltrates or is lost by evapotranspiration as it moves down-

stream.

During periods of exceptionally high intensity rainfall

or during periods of rapid snowmelt, part of the flow reaches the

lowlands.

Runoff increases downstream within the mountain blocks

and then decreases as it crosses valley fill after leaving the

mountains.

Estimate
- Runoff has not been recorde
Valley; however, the characteris
infrequent and short~duration f1
Peavine Creek near Reno, Nev.
in table 7. The relation betwee
variable. = The short-term record
during the winter months.

The amount of runoff from t
directly because of the absence

d Runoff

d by gaging stations in Lemmon

tics of runoff are similar to the
ow at a nearby gaging station,

lows at this station are summarized
n. flow volume and flow duration is
suggests that most runoff occurs

he mountains cannot be computed
of streamflow data. Therefore,
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methods described by Moore (196
and are based on use of altitud
adjusted for local differences
etation, and land slopes. Thes
by use of a channel geometry-ru
sites within Lemmon Valley were
measurements.

annual . runo
vear. 0OFf t
Silver Lake
East Lemmon
distributio

Estimated mean
3,400 acre-~feet per
is generated in the
is generated in the
runoff, its general
runoff are shown in figure 8.
wettest part of the area, gener
per unit area of any runoff-pro
three~fourths of all the runoff
generated on Peavine Mountain.
however, only about 60 percent
on Peavine Mountains. The rema
lower-unit runoff production at
as shown in figure 8.

Flaya

During periods of high win
‘Bilver Lake playa is flooded by
is due more to proximity to Pea
on the fan than to excessively

water runoff to Silver Lake pla
acre-feet per year on the basis
which drain onto the playa. Th
frequently, and the average qua
is considered to be small,

Ground-Wa

8) were used to estimate runoff
e-runoff relations, which are

in geology, precipitation, veg-

e estimates in turn are corroborated
noff relation. Estimates at several
made by using channel-geometry

f£ in Lemmon Valley totals about
his total, about 2,200 acre-feet
subarea and about 1,200 acre-fest
subarea. Areas contributing to
n, and the estimated average annual
Peavine Mountain, the highest and
ates the largest amount of runoff
ducing area in the valley. About
in the East Lemmon subarea is

In the Silver Lake subarea;,

of the total runoff is generated
inder is from large areas of

the north end of the subarea,

Flooding

ter and spring runoff in most vears,
surface-water flow. This probably
vine Mountain and the steep gradients
large runoff. Average annual surface-
va is estimated to be 400 to 500

of ‘geometry measurements of channels
e other playas are flooded very in-
ntity of streamflow reaching them

tar‘R@chaggg

In this valley, as in many
of the ground-water recharge oc
derived principally from runoff
tains. Recharge also occurs in
flow across the bedrock-alluvia
ervoir. During wet years; addi
on the alluvial apron from high
melt.

other valleys in the State, much
curs on the alluvial avron and is
generated in the adjacent moun-
the mountains and moves as under-
1 contact to the valley-fill res-
tional recharge may be generated
~intengity precipitation or snow-
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Average annual recharge may
of the average annual precipitat
others, 1951, p. 79-81).
gross aspect, the average annual
related closely to. the altitude
can be estimated with a reasonak
ing precipitation rates to altit
be estimated as a percentage of
zone.

Estimates of recharge for 1
table 8. The various precipitat
a 1965 revision of the Nevada pr
and are similar to those used by

reconnaissance study of the area.

precipitation within the basin i

or only about 3 percent of the total precipitation.

be estimated as a percentage
ion within. the basin (Eakin and

Hardman  {1965) demonstrated that in

precipitation in Nevada is

of the land surface and that it
le degree of accuracy by assign-
ude zones. Thus, recharge may
the precipitation within each

emmon Valley are summarized in
ion zZones were approximated from
ecipitation map (Hardman, 1936)
Rush and Glancy (1967) in their
Total estimated recharge from
s about 1,500 acre-feet per year,
This in=

cludes about 1,000 acre-feet per year in the Silver Lake subarea
and about 500 acre-feet per year in the East Lemmon subarea.

The annual estimate of recharge to Silver Lake subarea may
be somewhat high, because during wet years some streamflow is
rejected as recharge and flows onto Silver Lake playa, as pre-

viously described. However, the
probably within the limits of er
of estimating recharge.

This estimate of recharge f
cent less than that made by Rush
interpretations of the precipita
be expected to provide correspon
recharge.

The estimated average annua

amount rejected is small and
ror inherent in the crude method

or Lemmon Valley is about 20 per-
and Glancy (1967). Different
tion and recharge patterns can

dingly different estimates of

1 runoff of 3,400 acre-feet (fig.

8) for the entire valley is slightly more than twice the estimated
recharge from precipitation of about 1,500 acre-feet ver year.

This ratio between recharge and

runoff is in good agreement with

results obtained from other areas in the &tate.

Subsurfa

ce Inflow

In order for intervalley fl
must be met:
areas, and (2} rocks separating
water. Potential hydraulic grad
adjacent valleys, Antelope Valle
ognized on the basis of altitude
graphic guadrangle maps and wate
Glancy (1967},
and resultant fracturing, consol
and Lemmon Valley probably are a

ow to occur, two basic conditions

(1) a hydraulic gradient must exist between the two

the areas must be able to transmit
ients to Lemmon Valley from two

y and Cold Spring Valley, are rec-
s on U. 8. Geological Survey topo~-
r-level data reported by Rush and

Because of the high degree of structural deformation

idated rocks between both valleys
ble to transmit some water.
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Water levels in the valley f£ill beneath the central part of
Antelope Valley are about 200 feet higher than water levels in the
Fast Lemmon subarea. - However, Rush and Glancy (1967, p. 42) indi-
cated that potential gradients from Antelove Valley also exist
toward Bedell Flat and Warm Springs Valley to the rniorth and north-
east. They also reported that there was no observed evapotranspira-
tion of ground water in the wvalley; thus, all discharge must be by
subsurface outflow. If the conclusion regarding subsurface outflow
from Lemmon Valley is valid, then subsurface outflow from Antelove
Valley probably does not drain to Lemmon Valley.

Water levels beneath the vlaya in Cold Svring Valley are about
60 feet higher than ground-water levels beneath Silver Lake. Figure
2 shows several faults in the bedrock between the two valleys. One
has a northwest orientation and terminates at the edge of the alluvium
in the southwest corner of sec. 36, T. 21 N., R. 18 E., adjacent to
a small spring and several flowing wells (pl. 1). Rush and Glancy
(1967, p. 43) estimated that natural ground-water recharge to Cold
Spring Valley exceeded the observed evapotranspiration by about 770
acre-feet per year. Therefore, ground water is votentially avail-
able to supply outflow from the valley. However, discharge from the
spring and flowing wells adjacent to the fault are small. Thus,
although some subsurface inflow from Cold Soring Valley is possible,
the possible quantity (if any) is small and is believed to have little
affect on the ground-water regimen of Lemmon Valley.
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EXPLANATION

Avrea contributing to Funoff

Area not contributing to runoff

-
=
- S OB WG R RS WSS
w
% Boundary of subarea used
‘g_‘ to compute runoff

(850)

Average runoff, in acre-feet
per year, fof runolf subarea,

rounded to nearest 50 acre~

L
-
S
o

feet

& & R
Basin boundary

CoLp

TOTAL FOR
EAST LEMMON
SUBAREA
1,200

3940

1l Mile

R1%E

RI8BE
<

Figure 8.~ Areas contributing to runoff and general distribution of runoff




NATURAL

Natural outflow from the v
evapotranspiration in areas of
subsurface outflow from Lemmon

&
B

Evapotrarn

OQUTELOW

lley=£ill reservoir occurs by
hallow ground water and by

Valley to other areas.

gspiration

!

t

Natural discharge of groun
level in the valley fill is at
is accomplished principally in
tion in areas of phreatophytes;
from bare soil or where the cap
the land surface.

i

Plate 1 shows the distribut
of 1971. However, water has bee
used at the Stead Facility since
ed in additional ground water be
near Stead. Consequently, some
this study are more dense and c
water than the former natural as
on plate 1.

iy
g

il

water occurs where the water
hallow depth. Natural discharge
wo ways: (1) by evavotranspira-
and (2) by direct evavoration
llary fringe extends to or near

ion of phreatophyvtes in the summer

n imported to Lemmon Valley and

the early 1940's, which has result-
ing available for evapotranspiration
areas of vegetation mavped during
ntain plants which use more ground
semblage. These areas are indicated

Estimates of the natural evapotranspiration of ground water are

given in table 9. Where the veg
ed water, composition of the nat
on the basis of adjacent areas n
level contours for natural condi
of evapotranspiration are based

water as described by Lee {1912)
Robinson (1965). Estimated tota
same as estimated by Rush and Gl

An attempt to measure the r
selected areas of phreatophytes
was made by Michael Sorey of the
1971. Small diameter wells 21/1
150 feet deep, were drilled in J
drilled just north of Silver Lak

etation has been affected by imvort-
ural plant assemblage was estimated
ot effected thereby and on water-
tions shown in figure 7. Estimates
on rates of consumption of ground

; White (1932), Houston (1950), and
1l evavotranspiration is about the
anoy {1967,

ate of upward leakage beneath two

by determining temverature gradients
U. 5. Geological Survey during July
9~22bbabl and 21/18-36addbl, each
une 1971, Well 21/18-36addbl was

e in an area of low, stabilized sand

dunes covered by a vigorous stand of greasewood and some Sparse salt-

grass; depth to water was about

11l feet. Well 21/19-22bbabl was

drilled north of the East Lemmon subarea playa in & healthy stand of

greasewood and rabbitbrush; dept
perature profiles measured in Ju
developed by Sorey (1971). 'The
36 addbl had apparently been eff
which was being pumped to irriga
and a slight downward movement o
upward flow of 0.85 acre~foot pe
the data in well 21/19-22bbabl.

h to water was about 20 feet. Tem-
ly were analyzed using a technique
vertical flow of water in well 21/18-
ected by nearby well 21/19-31lccce2,
te the Washoe County golf course,

f water was indicated. A vertical

r acre per vear was obtained from
The wvigorous and healthy stand of

11




Table 9 .~-Estimated evapotranspiration of ground watex
(natural conditions)

Depth to Evapotranspiration

water Area  (acre-feet (acre-—

Assemblage or type surface Densit (feet) (acres) per year) feet)

‘ Silver Lake Subarea
Silver Lake g}ayalf - 0~5 430 a 0.5 220
Other plavass e 5-10 170 ok i7
Creasewood and rabbitbrush medium 10~35 870 o2 170
' to low
Greasewood and rabbitbrushd/ medium 5=15 230 .5 120
Crass and spring-supported
vegetation
near Silver Lake playa - 0~5 130 1.2 160
south of Highway 393 e =5 60 1.2 72
Subtotal (rounded) 1,900 760
East Lemmon Subarea
Plnyazf - 15~35 860 trace small
Greasewood and rabbitbrush?/medium 10-40 2,000 .2 400
to low '
Channel~bottom vagatatianﬁ/

grass, willows, nmedium 0=-15 &0 5 20
rabbitbrush to high o —
Subtotal (rounded) 2,900 420
Total (rounded) ; 4,800 1,200

1. Coversd by water during part of some years.

2. Assemblage contains localized areas where natural evapotranspiration
has been effected by imported water, and evapotranspiration rates in-
1971 are significantly higher than the estimated natursl rates shown
in this table. ‘

a. Evaporation of ground water only
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rabbitbrush and greasewood near
probably near the maximum for g
East Lemmon subarea for growing
the average rate shown in table

Use of temperature gradien
phreatophytes is & promising te
of the theory has been develope
techniques regarding well const

cgan be utilized with full confi

Comparatively little is kn
water is evaporated from playa
rate of 0.5 foot per vear is us
per year is used for other play
area. These are rates which ha
areas of the Btate. Depth to w:
playa exceeded 15 feet under na
evaporation is congidered to be

Subsurfa

densities, and other factors must be impr

the well suggests this rate is
reasewood and rabbitbrush in the
season c¢onditions. Conseguently,
9 is gignificantly less.

ts to estimate upward leakage to
“hnigue. A practical apvlication

by Borey (1971); however, field
ruction,; site selection, sampling
oved before this method

ence,
swhn - about the rate at which ground
urfaces. An estimated average

ad for Silver Lake and 0.1 foot

2 surfaces in the Silver lLake sub-

e been used in the study of similar
ateyr in the Fast Lemmon subarea
tural conditions, and ground-water
small,

cel Outflow

The probable subsurface ouf

Airport Fault in the Fast Lemmo
can be estimated directly from
figure 7 and transmissivity val
flow net was constructed, and f
estimated using the formula:

Q= 0.

constant to convert gallons per

hydraulic gradient, in feet per
section, in nmiles.
used for flow sections
15 feet per mile) adjacent to t

(total width, 1.45 miles; averac
crossed the playa, and a transmi
was used for less permeable play

values in the above equation, t

port ‘Fault was estimated to be &

Evapotranspiration from about 2
west side of the playa is about

computed by the flow-net anzlysi
200 acre~feet per vear flowed ir

of the Airport Fault.

where Q is guantity of flow in ¢
estimated transmissivity, in gal

A transmisss
{total wi

tflow along the east side of the
subarea under natural conditions

ater-level contours shown in

1es shown in figure 4. A simple

ow toward the Ailrport Fault was

0112 TIW

cre~feet per vear; 0.00112 is a
day to acre-feet per vyear; T is
lons per day per foot; I is”
mile; and W is width of flow
ivity of 5,000 gpd per foot was
Ldth, 1.6 miles; average gradient,
1w fault., All other flow sections
e gradient, 34 feet per mile)
Lssivity of 2,000 gpd per foot

ra deposits. By substituting these
tal computed flow toward the Air-
wbout 250 acre-~feet per vear.

0 acres of greasewood along the
40 acre-feet per year. Thus, as
s for natural conditions, about
1to the sink along the west side
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Water-level contours on plate 1 indicate the direction of flow .
in the valley fill but do not indicate the direction of flow in bed-
rock along the linear sink area. Any nearby area where a potential
gradient exists from East Lemmon subarea is a possible recipient of
any subsurface outflow from the valley. However, the regional geo-
logic structure associated with the Walker Lane fault zone strongly
suggests that the outflow from Lemmon Valley probably is moving
generally northward through highly fractured consolidated rocks to
one or more valleys north of the area having lower water-level al-
titudes. These areas are included on the map prepared by Rush and
Glancy (1967, pl. 1) and preliminary ground-water budgets prepared
in that study suggest that some intervalley ground-water flow may
occur. However, determination of this complex flow system could
not be resolved with the meager data available in Lemmon Valley and

adjacent areas.
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GROUND-WATER BUDGET

Over the long term and for
outflow from an area are egual.
natural conditions expresses th
hydrologic system under equilib
generally is designed to bring
estimates of inflow and outflow
error in the estimates. A budg
also lends confidence to the re
of inflow and outflow; the gros
upon by those concerned with wa

Table 10 1s a ground-water
recharge to and discharge from
natural conditions. The budget
for Lemmon Valley show imbalanc
inflow and outflow values. The
for Silver Lake subarea. As pr
recharge may be high (p. 37) an
(p. 32). 1In addition, imbalanc
to the crude methods available
and outflow. Because a single
inflow and outflow for computat
ed values were selected and are

FOR NATURAL CONDITIONS

natural conditions inflow to and
Accordingly, a water budget for

e quantity of water flowing in a
rium conditions.
together and compare the several

A water budget

and to ascertain the magnitude of

et that balances reasonably well
liability of the individual elements
s quantities in turn are depended
ter development and manhagement.

budget which lists estimates of

the valley=-fill reservoir under
s for both subareas and the total
es of between 5 and 20 percent of

largest imbalance, 20 percent, is

eviously mentioned, the estimated

d subsurface outflow may be low

es in general are due principally

to estimate most elements of inflow
value is needed to represent both
ions of the available supply, round-

showh in table 10,
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Table 10.--Ground-water budget for natural conditions in Lemmon Valley

[All estimates in acre-feet per year ]

Silver East  Total for
Budget item Lake Lemmon Lemmon
subares subarea Vallevy
BATURAL IRFLOW
Recharge from precipitation (table 6) 1,000 500 1,500
Possible inflow from Cold Spring
valley (p. #%) minor 0 minor
Net inflow from Silver Lake subarea
(p- 3¢) . minor -
Total (rounded) (1) 1,000 500 1,500
NATURAL OUTFLOW ‘
Evapotranspiration (table 9) 760 420 1,200
Net outflow from Silver Lake subarea
(p.3%) minor - —
Subsurface outflow (p.4% ) (a) 200 - 200
Total (rounded) () 760 620 1,400
IMBALANCE (rounded) (1) = (2) 200 =100 100
Yalues selected to represent 900 500 1,400

both inflow and outflow

a. Excludes possible subsurface outflow through fractured consolidated
rocks.
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CHEMICAL QUALITY OF WATER

Partial or detailed analys

and 1 spring were made during the
the quality of ground water as of

in tables 12 and 13 along with
study. Specific-conductance de
samples from U. S. Geological 8
logic points. These values are

Variations 1

es - of water samples from 23 wells
course of this study to evaluate .
1971.  These analyses are listed
46 other analyses made prior to this
terminations were made for 38 water
urvey test wells and selected hydro-
listed in table 14,

n-Water Quality

For purposes of this repor
of thelir predominant anion and
sodium bicarbonate are the prin
ed analyses of water beneath th

areas these waters are typically

types.

The chemical gquality of wa
areas of recharge near the mount

t, waters are classifisd on the basgis
catlion, "Calcium bicarbonate and

cipal water types in the area. Detail=-
e playas were not made, but in other
sodium chloride and sodium sulfate

ter changes as the water moves from
ains toareas of ground-water discharge

near the center of the valley.
occur until the water reaches d
causes resgidual salt to be cono
is illustrated by figure 9, whi
content of water samples in Le

Readily discernable changes do not
ischarge areas. Evapotranspiration
entrated in the discharge areas. Thisg
ch shows variations of dissolved=-solids
on Valley. Limited data from pair-

ed wells (a shallow well drilled next to a deeper one) indicate that

beneath playas the gquality of w
the estimated dissolved-solids
addb2 (13.5 feet deep) is about
whereas the estimated dissolved
21/18~36addbl (150 feet deep an
is only about 1,600 mg/1l.
vertical extent of naturally sa
delineated in this study.

Suitabil

Owing

ater improves with depth. For example,
content of water from well 21/18~36
11,000 mg/1l (milligrams per liter),
~solids content of water from well

d about 10 feet from the shallow well)
to lack of control points, the

lty water beneath the playas was not

ity for Use

On the basis of the data i
water samples, except some from
were of suitable chemical quali
poses. One exception is water

has a noticeable hydrogen-sulfide gmell and required treatment before
it was used as a supply at Stead Air Force Base prior to the time
that water was imported to the valley.
regarding the suitability of water for use, the reader is referred
to the following published references:

Type of use

Agricultural

Domestic

tables 12 and 13, wvirtually all
shallow wells on or near the playas,
ty for dirrigation and domestic pur-
from deep well 21/19-31lccecl, which

For more specific information

Reference

Federal Water Pollution Control
Bdministration (1968}

McKee and Wolf 11963

U. 8. Salinity Laboratory (1954)

U B, Public Health Service {1962
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Most water withdrawn for use in Lemmon Valley is for domestic
purposes. The U. S. Public Health Service drinking water standards,
which are generally accepted as standards for public supplies, are
l1isted below as they apply to data in tables 12 and 13:

Recommended maximum

concentration
Constituent (milligrams per liter)
Iron (Fe) 0.3
Sulfate (SO4) 250
Chloride (Cl1) 250
Fluoride {F) a 0.9
Nitrate (NO3) 45
Argenic (As) 0.01
Total dissolved solids 500

a. The optimum concentration for average annual maximum
daily temperature of 64-71 degrees.

These are only recommended limits, and water, therefore, may be
acceptable to many users despite concentrations exceeding the given
values.

Among the listed constituents, excessive iron causes staining
of porcelain fixtures and clothes, 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 dangerous for infants and pregnant
women because of the possibility of "blue-baby" disease.

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

Hardness range

(milligrams per liter) Rating and remarks
0~60 Soft (suitable for most uses without
artificial softening)
61-120 Moderately hard (usable except in

some industrial applications;
softening profitable for laundries)

121-180 Hard (softening regquired by laundries
and some other industries)
More than 180 Very hard (softening desirable for

most purposes)

The bacteriological quality of drinking water also is important
but is outside the scope of this report. If any doubt exists regard=
ing the acceptability of a drinking-water supply, contact the Nevada
Bureau of Environmental Health, Carson City, Nev.
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Table 12.—Partial chemical analvses of witer from wells and gprings
[Field=oifice analvees by the U.8. Geslogieal Survev, except as indicated]

Milligrams per Yiter {upper numbsr) and

millteguivalents per 1iter (lowsr number)d/ spRgitie L
Soiiun ) condug= Ba 57
(iia) tasise P e EOE RO
Tesin— Hag-. plos Haxd= -{hfero-  {lab. Eagidual
par= Cal= " ne- putss=  Bicaew Bul~ - Chlp= " ness whon o deger- aoddum
Date aLUTe elum | adum o oEalew Emmmg fate. ride ag PEEDE wing= Ralindry: Soddum catbonate
Location Source sampled . "F . "C o (Ca 03/ oo d o Q13- LAty aeoaste thony - hagard o hasivd REC,
26/ 18-2ddead/ wall B=12-71 e s 37 iy 17 148 s 39 3 134 327 4 dow oy safe
1.85 "0.83 4:73 2443 081 008 258

~1laseal/ well 8~11-71 52 1L.0 23 4 18 113 . 14 2 72 211 7.8 Low low gafe

1.15 0.29 076 1.82 029 .0:06 144

~izbdsat!  epring 8- 6471 o= =e 2% 7 1268 IR | 48 22 T8 Low o sste
1.20. 0.56 0,53 L7% T mas 00037 1.7
20/1y-bddack/ welld/ 11~18-69 == == 23 13 15 132 21 32 124 st Tik low low Bafe
1.45 1.06  0.64  2.16 Gihh 0.3 248
(8) 8-11-71 61 16.0 . Zk - 14 20 107 55 7 117 4200 T 1o low safe
1.20 1,14 08B 175 R4 naan 2.3
mbcabl!  well  7eEIeES ke Le 24 14 14 1w W & ils e 10w Tk sate
1.20 1.12 - 0061 2.2 0:21 W23 .32
{5 &) 11=18-80 e 29 12 20 152 20 13 130 i 75 T 1ow Bafe
. 1,45 0.96. . 0.85 2,33 0,42 0.37  2.40
(5 6} I1-l6eT0 s e 27 13 23 149 27 B 170 e 7.9 Tow Law safs
1.35 L.077 100 Z.4h 0.56 0,23 - 240
{6} B=11=71 &3  17.0 24 14 23 iz7 &1 8 116 a8 7.5 Tow Tow sufe
1,20 112 0.99  2.08 - ToouEs 0023 2.2
S ~4bbeeb/ well  8-31-71 61 16,8 37 16 44 176 88 3 158 500 7.7 Low 1ow safe
1:85 1,31 1.91 . 2.88 1,83 0.23 - 3.5
wtddncd B well 11418468  ww = 29 12 6 a5 3610 120 . 7.6 low 1ow safs
1.45 0.96  0.26 - 1.56 0.75 0,28 2,40
(5 6  1-16-70  a= e 2 15 16 151 78 3 140 e 7.5 Tow Low dafe
1.60 .1:23  0.70  Z.48 0058 0.25 2,80 :
(5 8) 12 4=70 | n m 29 12 17 122 1% 8 120 o 7.4 Tow Tdw safs
145 0.99 0074 Z.00 6,75 0:23 . 204D
~gbaast! well  B-11~71 6L 18.0 . 120 63 58 36 o oase owl $59 1,210 7.9 medivm | low sare
5,990 518 283 5.15 7.50 0589 11.17
~peaad®®  well 61061 == w- s& 74 325 717 907 1 440 . 7. high' . meddu aafe
2,70 6,07 14,12 - 856 1888 0,25 . 8.78
«BdabdS 8/ well  5423-67 | ees o a 45 12 12 120 141k 136 o 7.0 Low Low safe
1075 0.96 - 0:51 0 1,97 0.29 0.40- . 2,72
gedeedd  well 1370 -~ a2 g se 146 94 8 UUa04 758 Tow Tow safe
1,60 0.48  Z.46 239 1,96 016 208
~10cabb®  well - B-11-71 58 4.5 42 18 33 LI 180 523 7.2 ow 16w safe
2,10 1.50  1.46  2.33 1.12 1.2k 3060
~110dbad B/ well 7e14e67 e e iz 2 31 212 14 18 168 - e low Lo safe
1.60 1.76  1.35  3.4D 6,29 0451 7330
(58 Rel5-6E . s- - sz 29 40 244 34 0713 200 — 7.6 Lo 16w aufe
1.60 2.40 174 4,00 0:71° 0437 4.00
(5 6)  2-B4-69 om0 i az 29 30 232 16 8 200 . 7.4 Tow Tow sake
1.60 2.40  1.31 3,80 0,33 0.25 4,00 .
(56) 6 368 s= e 34 25 23 220 12 da 188 = 7.8 10w low safe
1.70 2.08  0.99 3,75 0.25.0.37 376
(5 6) 10~ BeBY  sm 7. 28 21 234 13 48 196 o 7.6 Tow Tow safe
1.60° 2.32 0 0.93 . 3.B4 0,27 045 3092
(5 8)  4uIBTO  om e az. 28 23 238 7 s 200 - 7.7 Tow low safe
1.60 2,38 100 392 0,35 042 400
(5°8) 11-18-70 = == = a7 a2 3L 251 217 a 224 i 7.6 low oW sate
1.85 2.83 1.35 . 4.1 044 0,58 7 4B
~llcanci 8/ wall 124 B-T0 . == e 58 .14 22 176 i7. 07 152 - 7.6 15w Tow safe
1.90 1.15 Q.96 2,88 0.35 0.4 .04
-1200dd8/  well  B-13-71 6L 160 49 31 22 284 55 28 249 5727 1.8 Low ow safe
2,46 2,53 0,97 400 s o498
~thghef/ well . 8-11-71 62 ‘16,5 _ 71 27 34 26 oasn 20 290 898 7.8 Tow Lo safe
3.5 2.25 - 1.47  3.54 .12 056 5.79
<isbbacii® weri  emTL.. - — 24 10 23 a1z 464100 L 10w Tow safs
1.20 0.82 . 1.00 - i.B4 0,96 DL 200
~15beaal B/ well  1eT6-T10 0 -~ wn 21 & 58 156 608 75 s 8.3 o Jow safe
1.05 0.49 2.82 9.5 1035 0.25 152
~15beded Bl wall 11- 7463 - i 33 10 3 128 48 & 172 e 747 Tow Low satfe
2.66 0.80 D.11 311 1000 70,170 Bk
~16badb well . 7-25-86 o= 43 22 3 207 56 - 30 197 499 B0 Tow Lo safe
2,15 1,79 1.47 0 3.38 1,17 0.85 . 3.94
1/18-2688bd5. 8 well 61566 = o 24 9 &6 205 34 23 96 R 9.3 Low low - uneuitable
* 1.20 0.7z 2.B7  3.36 0.710.65 1,92
~26ac8e3 8/ well 4o §eE == me 27 10 30 142 18 18 108 e 7.8 Low Low safe
135 0:80 - 1,30 . 2.33 0.40° 0,42 Z.06
{5 8) B~ 9=70 e 9 il 17 129 18 18 116 o 8.0 Jow low wafe
. 1.3 70,90 0,74 2,11 0.38 0.51  2.40
- 6} well  §-11-71 63 i7.0 . 28 5 24 124 23 10 a0 289 7.8 Tow 1ok Haite
140 G.40 1,06 2.03 0.48 0.28  1.80
~25adad well  To26m66  s= e 46 14 22 188 5 17 172 398 - B2 low 166 safe
2,30 1.14 0,96 2,75 1017 0.48° 7 3,84
~2sadesd’  well  Bea1e71 o ome iS00 a2 1 28 186 0 66 H 150 375 7.8 Low low Hafe
2.10 0.90  1.24 2.5 1.33 0.25. 0 3.00
-25bada®’  well  B-l1-71 39 15,0 35 7 27 14 o 38 0 116 Wb T8 Tow 1ow safe
1.75°0.57 LB 2,36 0.73 0D.28° 2.32
~256bb08 8/ well L1-11-68. 45 7.0 50 9 13 167 32711 180 £ 7.1 low Yow sife
2.50 0,72 055 2.7k 0.67 0,31 3.20
-25beabi 6/ well  3oZE-B5 . —- .= 24 7 a1 120 3801 88 - 7.4 dow Tow safe
1,20 O3B0 135 .97 079 0.3 L6
~26m88b3 B/ well S5~ 3e66 ~— o 48 13 24 171 58 43 172 w8k lov oW safe
240 1.06 1,03 - 2.80 1,20 0037 Ak
-260adbl B/ well G- 3-66 1 =i wm 54 10 a8 176 9% g 176 e 7.9 Low Tow safe
2.70 0,80 1066 288 2:00 0,25 3.52




Table 12.~~Fartial chemleal sialvees of warer from wells and springs-—Continued

Milligrams per liter (Gpper mumber) and

ey P £ lz
pillispuivalents per liter (lower number Bpecific Factors sffecting switability

Sodium conduc for drrigation?/

{Ma} tanee pH
Tee Mag=~  plus Hard< . lmiere~ {lab. Regidual
FET= Cal= ne- potds~ Blear= Bul=  Chio>  ness mhos - denars sodium
Date aturs cium sism slum bonate faras . ride &% per cm minss  Salindty Sodium o carbonate
Lecation Souree mampled o *F  fC. {cs) (Mg) (33 (mro® | (s0g) . (C1Y - CaCO% s 25°C) ¥iew). . hazard zard RAC
21/19-7dedad 8/  well  9-20-62 48 9.0 40 18 19 144 67 12 172 . 8.0 Tow low mafe
2.00 1.44  0.83 2,36 140 0034 344
~15adeat 8 well e 3e6l  em - 42 8 40 129 82 22 136 = 7.9 iow Tow safe
2,10 0.64 172 2,11 0 L7l 6.62 2,72
~15ctadd 8/ well 10~ 269 - 34 6 23 129 321 108 - 7.8 Low Lo aafe
1.70 0,48 102 2.11 0.67 0,30 2.16
~15cbbad B/ well  4<26-71 o= - %1 3% 183 30 20 160 - 8.2 Low fow safe
1.70 1.56  1.48 3,16 0.62 0.56 3,20
~15dbead 8/ weli  1-26-71 == -m 18 5 38 107 45 7 6 e 8.1 Tow Tow safe
0.90 0.4 - 1.65 1,75 0.96 0,200 1,28
~15dbeb8/ well  B~11-71 62 165 60 18 27 P 78 4B 223 591 8.5 i Tow safe
2.99 1,47 1.6 2.15 1,62 1,35 4,46
~10baced 8 well - 11-14-68  — = 23 10 32 167 28 8 12 - 7.9 1o¥ Tow safe
1.45 0.80  1.40 2.7 0.58 0,23 2.24
~21daach/  well  8=11-71 87 14.0 20 & 45 1, 46 6 74 UL R Y Low low safe
1.00 0.48  1.96 2,24 8.96 0.17  1.48
~22bage8/  well  B-11-71 59 15.0 — . = — - 52 5 - E - Tow . s
8108 0,14
12~ 8~71 — 3L 5 — 83 e - a7 282 2.0 Low i gafn
1.35 0,39 1,36 1,94
-azbadbs Y getl  5-10-71 o~  wn 30 8 11 1z 3 3 108 - 7.8 1ow Low wafe
1.50 0,66  0.48 1,84 0.73 0.08 2,16
~22bedef 8/ well  217-71 - - 27 6 38 142 9 11 92 - 8.1 Tow Tow safe
1.35 0.49  1.85  2.33 0.81 0,31 1,84
~23ganc well T 2h=id 58 14.3 42 13 42 220 33 25 180 450 8.1 Low low safe
2,10 1,10 1.81  3.61 0.69 0,76 330
~23addb2® 8/ well 4 1270 o= - 32 & 41 188 13 716 104 - 7.8 1ow 1ow sife
1,60 0.49 1.78. 3,08 0.27. 045 = 2,08
-23casb®/  well  &-11-71 61 16.0 29 7 32 156 % 10 102 340 . 7.5 Lo Tow safe
1.45 0,59 1.3 2.56 0.33 0,28 2.04
~24badd8/ wall B11-71 88 20.0 33 g 54 185 36 24 120 465 78 igw low aafe
1.65 0.75 2,35 3.20 0.75 0.68 2,40
~24dab2. 8/ wall 83085 o 26 14 32 195 6 10 120 - 7.2 Low 1dw safe
1,30 1.2 L4 3.20 0.12 0.28 2,40
-30ddda®/  well a 12- 4~57 60 15.% 6 0 (B 86 34 8 16 282 8.4 Tow e safe
0,30 0,02 L4l 0.71 0.23 0.3
72566 62 16.5 9 1 58 112 3% 17 28 2773 7.9 Low 1ow marginal
0.45 0.1 2,51 1.8 0.75 0.48 0,36
(5 6)  32UTL e = 13 2 19 100 32 7 40 e 8.4 Tow fow safe
0.65 0.16 170 1.6 0.67 0,20  0.80
~3leeeel well 12~ 5-57 &8 20,0 4 [ I 5] 212 2 2 S 381 15 1ow - unisuitable
0,20 0.00 3,48 0.44 D06 0,18
~3lccee2d/  well B=12=71 68 - 20.0 3 1 12 320 s 12 4 12 826 8.6 Llow high unsuitabls
0,15 009 562 5.24 0.25 0.06 0,24
~34bbabi 8/ wall  11-16=70  em e 26 2 51 136 3?14 72 - 8.1 low iow safe
1.30 0.6 2.22  2.56 0.67 0.40 - 1:4%
~34bbbsl. 8/ well 9«97 - - 24 4 42 142 36 8 7% = 8.0 Tow low safe
1.20 '0.33  1.83 . 2,33 0,75 0023, L%
(58) - L=16-70 == == 27 4 38 148 31 & 8k — 7.8 Tow Yow safs
1.35 0,33 1.65 2,46 0.86 0,17  1.68
~Sheecad 8/ well 4-18-63 W 16 is 17 110 14 & 100 s 75 Low low safe
0.80 1.20 0,75 1,80 0.29 0.17 2,00

1. Milligrams per liter and milllequivalents per liter are metric unlts of measure that are virtually identicsl to parts pév million and equivalents pEr
million, respmctively, for all waters having a specific conductance léss than about 16,000 microwhos. The metric systen of ‘nessuremsnt ig receiving
increased use throughout the United Btates becsuse of its value as an international forsw of scientifd ion § the 4.8, Geological
Survey recently has sdopted the system for reporting all water gquality data.

2, Salinity hasard ds based op specific conductance (In microwhos) ss follows: =750, low bazard (water suitable for almost all spplicaticnm); 750-1,500,
medium (can be detrimestsl to senmsitive crops); 1,500-3,000, high (csn be detrimental to many crops)i 3,000=7,500, very high (shoald be used only for
telerant plants on persesble solils); >7,500, unsuitsble. Sodium hasscd is based on su empirical relstion betwees salinity and sod daosprion
ratio. Hesidusl sodium carbonaste (expressed in millisguivalents per liter) is tentatively relared to suitabllity for irrigatdon as followsy safe, (=125
margionl, 1.26-2.50; unsuitabie, *2.50. The several factors should be used as genersl indicavors only, becauss the seitability of water for irrigation
also depends on climate, type of soll, drainege cheracteristics, plant type; and smount of water applied. These and other aspects of water guality for
irrigation are discussed by the National Technical Advisory Committee (1968, p. 143~177), and the D.5. Salinity Laboratory Staff (i954).

3, Computed as the millisquivalent~per-liter difference betwéen the determinsd negative and positive lons; expressed as sodiuw,. —~Computatiéon assumés that
L tiona of d fons sre amall.

4. ALl carbonate values 0 mg/l escept: 21/18=24sabd, 50 wg/l; 21/19-15dbeh, & mg/l.
5. Analysis by Nevada Health Division.

6, Additional determinatious from detsiled snalyses in table 13.

&. Laboratery analysis by the U.§. Geological Survey.

b, Ha, 51 mg/l, 2.20 wefl; K, 1.6 mgfl, .04 mefl.

£, Na, 86 mg/l, 3.74 wefl; ¥, 1.6 mg/l, .04 me/l.



Table 13.--Addivional constituents determined from water from wells and spriuge

[Laboratory analyses by the U.S, Geologiesl Survey, sxcspt as indicated]

Hilligreme per liter {upper ousber) and

milliequivilents per liter (lower pumber)d/

Milligrams per liter (upper number) and

williequivalents per liter (lowsr numbnrg.y

Oriho- O tha-
phig = Digaolved- phos~ Disnolved=
, Siliea Fluoride Hitrate  phate Argenic Iren rolids #4lics  Fluoride  Hitrate  phate arsenlc Tron solids
_Loeation Dage  (8i05) {F} [k {POLY {Ag) (Fa)l’ content Location Dare S1043) ) (H0%) {POL) {ha) gFe!él' content
20/ 18=1dded B=12=71 4L - 5.3 0,15 e 0.02 a 225 =Zhgoatd) b 666 i 20 P o .41 b 242
0.09 032
~1lahea B-11-71 23 - 1.8 0.37 — - 8 141 A E=9ern ok 0.2 Sk - trace . 0.69 b 210
0.03 0.01 0.08
-1Zbdaa 8 6=71 37 - 2.0 0,25 - - 2 158 B-11-71 7 48 - 4.4 0.09 i 0,02 & 203
0.03 8.07
20/19-4adaed!  11-18-69 -~ 0.1 11 - 0.00 0,05 b 230 -~258ded #-11-71 - 51 - 6.7 - 0,18 P 0410 a 288
0.00 0.18 0.10
B-11-71 43 - 8.0 0.21 - 0,03 & 224 ~25hada §11+71 51 - 8.0 9712 e .01 » 264
0.13 0.13
~3peabd! 7-27-65 == 0.0 17 — - o,in b 213 “25bbb6Y 111168 e 0.2 0.9 - trace - 0,36 b 251
0,00 0.27 0.0 0.01
3/ 11-18-68 - 0.1 9.4 - 0.00 0.04 b 230 ~25beaby < 3-26065 e 0.2 9.0 - - 0.26 b 195
0.0 0.15 0401 0.00
3 11-16-70 ~- 0.2 0 e 0,00 0,03 b 197 ~zpsaabd! | 5= 3466 = e 6.5 0 = - 0.08 b 297
0,01 0.16 0.10
8-11-71 42 - 9.3 0 0,25 0.3 & 223 ~26aadbd 5e geee o= = 3.0 o 0.0 b 270
0.15 0.05
~4bbee §~11-71 45 - 8.0 0,25 e 9.06 5 334 21/18-7deded!  maz0e7 i - 12 - i 4,72 b zik
0.13 0.19
~4ddacd/ | 111869 -~ 8.1 7.3 - 8,00 1.8 b 204 ~15aduaadl 4 36l - 1.7 o s 0.0 b 245
0.00 0.12 0.03
3/ 11-16-70 ~ 0.2 1 — 0.00 0.03 b 230 ~1scbadd/ 10~ 2468 - a7 4.7 e tracs .04 b 224
0.01 0.18 0:04 0.08
Y 12- 470 — 6.2 9.6 - 0.00 . 0.0 b 716 ~15cbbad - 4-z671 e 62 21 =000 0,03 b 283
0.01 0.16 0.0 0,34
~Bhans 8-11-71 47 — 8 o.09 - 0,02 5851 “i5dbead U 1e26e71 6.2 2.5 - trace | 0.19 B 171
i 0.45 o 0.04
~geaadd/ §o10~6L - - 12 —— - 0.0 b 606 ~15dbch 8-11-71. 43 - 23 paz s 0.07 2365
0.19 0.37
"y 3
~8ddb 5m23mB7 e - a5 o — 0:15 b 271 ~1%bacc™ - 11-14w68 s - 3.3 e - 6,06 . b 228
0.56 0.05
~gedecd)  11-13-70 — 0.1 2.8 - 0.00 0.02 b 294 ~21dane 8-11~71 53 “a 4.2 0012 e 004 & 247
0.0 0.04 0,07
~10cabb 8=11-71 45 — 22 0.34 - 0.04 a 328 ~27baac 8-11-71 41 e &0 00,08 . Sa 9,18 -
0.35 0,06
<1ibdbed Feldes? - 77 - — 6,58 b 582 ~22badbd/ | 5-10-71 = 01 1.0 - 0.00 6.30 b 197
0,44 0.00 0.02
3/ 21568 - — 42 - - 0.15 b 287 “woneaedl pepyepres 0.2 2.9 i trace 0,04 b 220
0.68 0:01 0.0%
3 222668 i 58 - - 030 b 272 “23adab2d/ 4 1870 ws 0.1 11 Bt teace 0,06 b 230
0.94 0.0 .18
3/ L 2 - 0.2 23 - 0.00 0.06 b 194 ~Z3canb B-11-71 5% - 15 6.4 i 0.02 8 246
001 0.37 0.24
3 10~ B=fT 8.3 18 e 0,400 0,10 B 287 =24hadd 8-11-71 38 st 7.5 0.13 e 1.7 a 298
0.02 0.29 6.12
Y 4-15-70 — 0.3 20 - 0,00 0.34 b 273 ~24dbY " 8-30-65 em - 14 — - 1.1 b 231
0.02 0.32 0.23
3/ 11-18=70 e 0.3 41 - 0,00 0.16 b 315 3/ 9eizees T ax - - e . 0.72 -
.02 0.66 ~30ddda . 12~ 4=57 - 28 0.6 0.0 e . 0,01  a 178
-licsacd 12~ B-70 - 0.0 18 - 6.00 0.02 b 230 0.03 0.00
0.00 9,29 ; :
3/ K R 0.5 0.7 e trace 0. 0% b 157
~11dbdd 8=11~71 35 - 46 0.2 - 0.08 & 342 0.03 0.01
0.97 ~Sleecel’ 12— 5-87 4% 0.8 2.0 = - 0.02 8 264
~14ube 8-11-71 23 - 2.5 . 0.03 - 0.02 a 434 0,04 0.03
0.04 “3ldeew?’ B-123-71 B0 = 2.7 0T B 0,02 & 385
~15bbdeld/  Gm2B-71 0.2 [ - 0.00 0.17 b 204 0.04
0.01 0.07 <3hbbabl 1116570 [ 3.4 s erace . 0,14 b 233
~15beand/  1-26-71 - 0.2 e.1 - 0.00 0.4 b 238 9.00 0.05
0.0 0.00 ~Fhbbbadl | Be ge7p e 0.2 4.3 - trace . | 0.04 - b 228
<15beded 11 763 - - 17 - — 0.28 b 338 00 .07
0.27 3/ 111670 . == 0.2 4.7 s trsee’ 006 b 233
21/18-2kaabdY 6-16-66 - - 5.9 . - - 036 h 151 0:01 0.08
0.10 “3heeedd L he18-61 ie e 30 i e 0.04 b 174
36266 e - — — - 0,3 Bo172 0.48

1. See footnete 1, table 12.

Ilpsr.

Whare only one number is shown, it is milligrame per

2. Total izon; some high values may be due to impurities in unfiltered samples:

3. Anslysis by Nevada Dspartment of Eovironmental Heslth.

#. Caleulated with BCO3 multiplied by 0.492 to make results comparsble with "residue
on evaporatisn'

3

value

b. . Residue on-evaporation at 110°%C.
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IMPORTED WATER

Water has been imported to Lemmon Valley from Truckee Meadows
since 1944, Prior to 1966, the Stead Facility was the only area
in the valley using imported water. In early 1966 the Raleigh
Heights subdivision was completed and also began receiving imported
water. As of 1971, one additional small industrial development in
the southwest quarter of sec, 15, T. 20 N., R. 19 E., was supplied
with imported water. Use in this area was small because the develop-
ment was new and not all sites had been leased by users.

Table 15 lists the available information on water imported to
Lemmon Valley for use at the Stead Facility. Records are not avail-
able prior to 1956. There was no military dependent-family housing
in use during this early period, and imported water was supplemented
by a small number of wells. Moreover, the base was shut down for a
short period during the 1950's. These factors suggest that the aver-
age quantity of water imported during this period was comparatively
low, possibly averaging about 300 acre~feet ver vear. Over the 27-
yvear period 1944-71, an estimated 15,000 acre~feet of water was
imported for use at the Stead Facility.

During 1970, about 860 acre-feet of water was used by about 2,700
persons living at Stead and by the industrial facilities there. If
water used for industrial purposes is included with the requirements
of the persons living there, average per capita importation for the
year is about 280 gpd. An estimate of the water used within house-
holds at Stead may be obtained by examining the seasonal distribution
of the imported water. Figure 10 shows seasonal distribution of
imported water and flow through the sewer plant for parts of 1969, 1970,
and 1971. During winter months most of the water imported is dis~
charged through the sewer plant and probably is a fair estimate of
the water actually used for in-house purposes. Per capita use during
the period November 1970 through March 1971 was computed to be about
140 gpd. Because of the included industrial use, the actual in-~house
use was somewhat lower. Table 16 lists estimates of the disposition
of imported water at Stead under 1971 conditions.

Water has been imported to Raleigh Heights since 1966 to serve
about 700 persons living in Lemmon Valley. Water is not metered and
there is no industrial use in the development. Using a per capita
w rate of 200 gpd, somewhat less than that at Stead, about 150 acre-
feet per year is imported into Lemmon Valley. However, part of this
water is exported back to the Truckee Meadows as sewage. As shown in
tabel 16, an estimated 40 percent of the water imported to Stead flows
through the Stead Sewer Plant (1971 conditions). If the same return is
assumed at Raleigh Heights, about 60 acre-feet per year is exported
as sewage. The remaining 90 acre-~feet per year is partly consumed
by lawn evapotranspiration and part infiltrates to recharge ground
water. Based on the estimates in table 16, recharge from imported
water in Raleigh Heights may be about 30 acre-feet per vear., If only
the net imported water to the valley is considered, then about 630
acre-feet have been imported to the Raleigh Heights area since 1966.




Table 15.--Water imported to Lemmon Valley for use at Stead Facility

Flow Eﬁrcugb sewer plant

Year Imported (percentage
(acre-~feet) (acre-feet) of import)
1944-1955 a 3,300 T -
1956 260 - -
1957 290 - -
1958 500 - -
1959 . 940 , 390 42
1960 1,080 400 37
1961 1,060 400 38
1962 1,130 370 33
1963 1,140 : 380 33
1964 1,280 260 20
1965 1,110 440 40
1966 510 ; - —
1967 220 — -
1968 500 —— ———
1969 710 - —
1970 860 371 43
1971 b 420 — —
Total a 15,000 - -

a, Estimated: records not available.
b.. First 7 months.
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table 16.—-Estimated disposition of imported water

at Stead Facility, 1971 canditions

a, Disposition in percent
Inflow = 100 percent
Flow to sewer plant = 40 percent of inflow (table 15)
Evapotranspiration of effluent = 60 per cent £ low
to sewer plant, or 24 percent of inflow
Recharge from effluent = 40 percent of effluent,
or 16 percent of inflow
“Lawn irrigation = 60 percent of inflow
Evapotranspiration of lawn water = two-thirds of
lawn irrigation, or 40 percent of inflow
Recharge from lawn water = one-third of lawn
irrigation, or 20 percent of inflow
Total secondary rethargei/ = 36 percent of inflow

b. Disposition by subareas, in acre-feet per year, 1971 conditions

Ttem Silver Lake subarea FEast Lemmon subarea
Inflow 500 400
Flow to sewer plant a 200 160
Evapotranspiration of - 220
effluent '
Recharge from
effluent 140
Lawn irrigation 300 ) 240
Evapotranspiration of
lawn water 200 160
Recharge from lawn 100 80
water
Total secondary rechargel/ 100 220

1. Recharge derived from man's activities is herein termed secondary
recharge to distinguish it from "primary' or natural recharge.
a. Tlows to East Lembon subarea. :
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Imported water also has affected seasonal water-level fluc-
tuations adjacent to the Stead Facility. Summer lawn watering
has resulted in the ground-water reservoir being locally recharg-
ed. Consequently, annual high water levels in these areas occur
during the late summer, and the annual lows during late winter
or early spring. This is converse to the fluctuations experi-
enced under natural conditions.

Long-Term Changes

As of 1971, no discernable widespread decline in water levels
had occurred in Lemmon Valley due to long-term pumping. This
probably is due to combined affects of (1) a comparatively low
consumption of pumped water, as indicated in table 17; (2) a high
percentage of recirculated water, plus the widespread use of septic
tanks; (3) a broad areal distribution of pumping; and (4) above
average precipitation and recharge during several years prior to
this study. However, local declines due to pumping were noted in
four areas. The areas are indicated in figure 11, which shows
the approximate net change in water levels between natural conditions
(fig. 7) and spring 1971 (fig. 12).

Declines near wells 21/19-3lccececl and 21/19=31lcccc2 are the
result of at least 10 years of pumping water to irrigate the adjacent
golf course. The extent of the decline is not known, because no
deep wells were near enough to monitor areal effects of pumping.
Figure 11 also indicates water-level rises beneath the area of the
golf course which probably are due to return flow from the pumped
irrigation water.

The decline in the vicinity of Black Springs is due primarily
to years of sustained pumping; however, the extent of the decline is
complicated by the fault barriers. Although data are insufficient
to determine the magnitude of decline, limited information collected
during the course of this study suggests that declines i1 “liis area
have been comparatively small.

Significant local declines were noted in the west half of sec.
15, T. 20 N., R. 19 E. Data in table 24 suggest that water levels
in this area are declining at rates of 4 to 5 feet per year. The
most probable reason for this is that water pumped for a trailer
court in the area of maximum decline is not returned to ground water
locally, but is piped northward beneath U. S. Highway 395 to oxidation
ponds. This practice greatly reduces the amount of return flow avail-
able for reuse in the immediate area of pumping, but may be desirable
for maintaining good water quality.

The largest observed water-level declines are near wells 20/19=
3bcab and 20/19-4ddac (fig. 11 and pl. 1). These wells are pumped
intermittently throughout the vear, and a moderate drawdown is main-
tained most of the time.
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Much of the water pumped from these wells is distributed to houses
more than half a mile to the north. Consequently, recirculated
water has had little affect in reducing water-level declines near
the wells. The net affect has been that, though declines have ‘
occurred near the wells, water levels to the north, in the vicinity
of Lemmon Valley school, have risen 10 feet or more. In November
1971, the levels were within several feet of the land surface.

Long~term changes in water levels have also occurred in response
to recharge from imported water. Water levels in the vicinity of
Stead Facility have risen as much as 20 feet (fig. 11). Some recharge
from imported water also has occurred in the vicinity of Raleigh
Heights; however, the amount of net change in water levels in this
area could not be determined.

Ground-Water Storage Changes

The water-level changes shown in figure 11 have resulted in a
net change of ground water in storage. This change in storage may be
estimated from the thicknesses and areas watered or dewatered shown
in figure 11 and the specific-yield values shown in figure 5. Com=
putation of the net change in storage is summarized in table 18,
which shows that an estimated net increase in ground-water storage
of some 5,000 acre-feet has occurred. For about the 25 years of .
development and imported water, the average annual net increase in .
storage was on the order of 200 acre-feet per year. The bulk of the
increase probably occurred during the 7 years, 1959-65, of large
imports (table 15). Thus, recharge from imported water, including
sewage effluent, has exceeded estimated depletions due to pumping.

Changes in Evapotranspiration of Ground Water

Development has also affected natural evapotranspiration of
ground water. Near most areas supplied by imported and pumped water,
ground-water levels have risen to within several feet of the land
surface. Consequently, plants, such as grasses and tules, which
consume comparatively large guantities of ground water have become
established locally. Adjacent to these areas, natural assemblages
of rabbitbrush and greasewood have become more dense and a sparse
undergrowth of saltgrass has appeared. Plate 1 shows the general
areas where the natural ground-water discharge has been affected by
imported water. Increased discharge in the Silver Lake subarea is
supplied principally from recharge derived from lawn irrigation.
Tncreased discharge in East Lemmon subarea is supplied principally
from the recharge of sewage effluent. In 1971, shallow water levels
near Stead Facility appeared relatively stable, which suggests that
increased recharge from imported water has been nearly offset by
increased natural evapotranspiration and that locally the ground-
water system is approaching eguilibrium.
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Table 18.--Net change in storage from natural conditions to spring 1971
Net water-level
rise (+) or Average Net storage
decline (-} Volume specific increase (+)
(feet) Area of material vield or decrease (=)
Average (acres) (acre~feet) (percentage) {(acre-fest)
Range (1) (2) (L)x(2)=(3 (4) (3)x(4)
Silver Lake subarea
0 to +10 +5 460 2,300 7 +160
+5 380 1,900 12.5 +240
) +5 280 1,400 18 +250
v +10 to +20 +15 57 860 7 +60
+15 76 1,100 12.5 +140
+15 290 4,400 18 +790
greater '
than 20 +22 160 3,500 18 +630
Subtctal&(ruunded)l,?@ﬂ 15,000 +2,270
0 to -102/ -5 250 1,200 18 -220
Net increase, Silver Lake subarea (rounded) +2,000
. East Lemmon subarea
0 to #+10 +5 340 1,700 7 +1.20
+5 530 2,600 12.5 +320
+5 52 260 18 +470
+10 to +20 +15 130 2,000 7 +140
+15 650 9,800 12,5 +1,200
+15 340 5,100 18 +920
Subtotall{rounded)?2,050 21,000 +3,200
0 to +10 +5 280 1,400 12.5 +180
0 to -10 -5 430 2,200 12.5 ~280
greater
than 10 =15 60 900 12.5 =110
~15 85 1,300 a 1z =13
Subtotal?/(rounded) 860 6,000 ~220
: Net increase, Bast Lemmon subarea (rruﬁded) +3,000
Net increase, Lemmon Valley (rounded) +5,000

1.  TFor areas responding to imported water.
2. For areas responding to pumping.
a. - Estimated for fractured consvlidated rocks.
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Other development has tended to reduce natural discharge of
ground water. The longest sustained high rate of pumping has been
in the Silver Lake subarea, where water has been pumped to irrigate
the colf course for more than 10 years. As of 1971, only a slight
water-level decline had occurred in the vicinity of the pumped
wells. Consequently, pumping may have caused some reduction in
natural evapotranspiration. Pumping apparently has had little
effect on natural ground-water discharge in other parts of the
area.

Reductions in natural discharge have also been caused by land
clearing connected with development. In Silver Lake subarea, about
250 acres of greasewood and rabbitbrush were cleared several years
ago. In 1971, some phreatophytes were reestablished on this land,
but evapotranspiration of ground water had been reduced from about
50 acre~feet per vear under natural conditions to possibly only 10
acre-feet per year. This salvaged discharge is readily available
for use by domestic-well owners and may explain in part why there had
been no discernable decline in water levels in the Silver Knolls sub-
division. Abeout 100 acres of land in the Central Area has also been
cleared to make way for roads and houses. Natural discharge crobably
has been reduced by about 20 acre-feet per year,

Table 19 summarizes estimates of ground-water evapotranspiration
in Lemmon Valley as of 1971. Consumptive-use rates used are based on
the same sources as used earlier in this report. - Although the total
area was about 200 acres less, the estimated evapotranspiration of
ground water in 1971 was about 200 acre-feet per year more than under
natural conditions. (See table 9.)

Changes in Chemical Quality

Over a period of time, the chemical quality of pumped ground
water may slowly deteriorate. One process that may cause such a
deterioration is migration of naturally occurring poor=guality water
stored beneath playas in both the Silver Lake subarea and East Lemmon
subareas (fig. 9) toward wells. The degree to which this process
will occur depends upon the location, transmissivity, and the rate at
which a well is pumped. Heavily pumped wells near playas should be
the first affected. However, even in these areas, poor=-quality water
would be mixed with good guality water moving toward the well from
other directions and possibly from at depth beneath the playas. This
mixing will tend greatly to decrease adverse effects of the poor-
quality water.

Another process that acts to change the quality of pumped water
is a combination of deterioration in water quality with use and re-
cycling of water. Deterioration of water guality with use, in turn,
can generally be attributed to either concentration or loading, which
is the addition of salts to the water as it is used. When water is
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TableVl9.«f§§timated evapotranspiration of ground water in 1971
Depth to Evagetransézratian
Assemblage or water Area (acre~feet
type of surface Density (feet) (acres) per vear) (acre-feet)
SILVER LAKE SUBAREA
Silver Lake playal/ =z 0-5 430 0.5 220
Other playas s =10 40 o2 8
Cleared land (formerly . 15-35 250 <1 10
greasewood)
Greasewood and , :
cabbi tbrush medium to low 10-35 620 o2 120
Greasewood, ; . :
rabbitbrush, and high to medium 515 300 55 150
some saltgrass
Grass and spring-
supported vege~
tation
near Silver Lake e 0=5 130 1.2 160
south of Highway . .
395 0=5 60 1.2 72
Tules - 0=5 20 3 60
Subtotal (rounded) 1,800 810
EAST LEMMON SUBAREA
Playa —— 10-35 800 trace small
Grass—covered playa - 0=10 60 0.5 30
Greasewood and ;
rabbithrush medium to low 10-40 1,700 W2 340
Grasses o 0=5 &0 2 120
Rabbitbrush, grease- i ; 5
wood, and grasa high to medium 015 130 3 6
Giagael bottom medium to high  0-20 30 .5 15
vegetation
Channel bottom
vegetation high 0=5 10 1 , 10
Subtotal (rounded) 2,800 280
Total {rounded) 4,600 1,400
1. Covered by water during part of some years.
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partly consumed by evapotranspiration, the salt left behind usually .
remaing dissolved in the residual water and increases the dissolved-

solids concentration of the return flow. If there is no loading,
dissolved-solids content of return flow can be estimated by divid-

ing the original dissolved-solids content of the water by the percent-

age of return flow. The data in table 14 suggest that total dissolved-
solids content of the imported Truckee River water is only about 80

mg/l. If about two~thirds of the water applied to lawns is consumed

and one=-third recirculated and if no salts are precipitated or other~

wise consumed, then the dissolved-solids content of the return flow

should be about three times the original, or 250 mg/l. This is in
reasonable agreement with the estimated dissolved-solids content of

five of the six shallow well waters near Stead Facility (fig. 9).

Water from all these wells probably is derived from infiltration of s
imported water. ~

When water is used for irrigation, loading can occur as a result
of salt being leached from soil or fertilizer; loading also occurs as
the result of domestic use. In Lemmon Valley, loading probably will
be the most significant factor affecting future quality of ground
water. Data in table 14 suggest that dissolved-sclids content of the
Stead Facility sewage effluent is about 340 mg/l higher than that of
the imported water. If the flow through the Stead sewage-treatment
plant in 1970 of 370 acre~feet is used as an estimate of the average
flow, then a chemical load of about 170 tons of dissolved salts was
added to the hydrologic system as a result of public-supply and .
domestic use. The estimated per capita load resulting from this use
is about 120 pounds of dissolved salts per person per year. Most
of this salt eventually reaches the ground=water system.

The Stead Facility ig used to illustrate that the processes of
concentration and loading are operating in Lemmon Valley. More sig-
nificantly, however, these same processes are also operating in areas
where the 3,600 persons served by local ground-water supplies live.
Most of these persons dispose of wastes through septic tanks; there-
fore, the entire chemical load is returned to the ground-~water system.
Tn most cases, recycled water will mix with native water of better
guality, and thus, the deterioration in the quality of the pumped
water is expected to proceed slowly. Once a significant deterioration
in the quality of pumped water has occurred, any corrective measures
taken to improve the gquality would reguire a long period of time to
become effective. :

Increased Subsurface Outflow

Rising water levels in central East Lemmon subarea have result-
ed in an increased hydraulic gradient toward the ground-water sink
along the east side of the Airport Fault. The probable amount of
subsurface flow toward this area was estimated in the same manner
as the amount of subsurface flow under natural conditions (p. 43).
The only change was that average gradient near the fault, where ,
estimated transmissivity was 5,000 gpd per foot, had increased by .
about 20 percent. Thus, estimated subsurface outflow in 1971 was
about 220 acre~-feet per year.

74



GROUND-WATER BUDGET,

Table 20 is a ground-water
Valley as of 1971.

1971 CONDITIONS

budget for conditions in Lemmon

The estimated inflow to the ground~water system

of 1,900 acre-feet is 400 acre~feet higher than that estimated

under natural conditions (table

charge from imported water. The

flow probably is due largely to

10). This is due to secondary re-
imbalance between inflow and out=
errors in the estimates. An estimate

of the annual depletion of storage could not be made during the course

of this 6-month study; however,
in table 17 were considered der:
balance could be accounted for.

Table 20 shows
inflow by about 100
increase in storage
past 25 vears or so
culated for 1971 in

acre~feat.
of some 200

table. 20,

if most of the net pumpage indicated
ved from storage, much of the im-

that for all of Lemmon Valley, outflow exceeded

However, an estimated average net
acre~-feet a year is suggested for the

(p. 70), which is converse to the decrease cal-

Table 20.--Ground-water budget, 1971 conditions

[All estimates 1in

acre~feet per year]

Total for
Budget item Silver Lake East Lemmon Lemmon
subarea subarea Valley
INFLOW:
Recharge from precipitation
(table 8) 1,000 500 1,500
Possible inflow from Cold
Spring Valley (p.38) minor - minor
Net inflow from Silver
Lake subarea (p. 30) —— minor -
Secondary recharge from
imported water
Stead (table 16) 100 a 220 a 320
Raleigh Heights (p.59) e 30 30
Total (rounded) (1 1,100 800 1,900
QUTFLOW :
Evapotranspiration (table 19) 810 580 1,400
Subsurface outflow (p. 74) (b) 220 220
Net outflow from Silver Lake
subarea (p.30) minor e b
Net pumpage (table 17) 200 190 390
Total {rounded) (2y - 1,000 1,000 2,000
IMBALANCE (rounded) : (1)={2) +100 =200 =100

a. Includes 140 acre—feet rechs
b. Excludes possible subsurface
rocks.

rge from sewage effluent.
outflow through fractured consolidated
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THE AVAILABL

The available water supply
the following sections in terms
the maximum amount of salvable
yield where the natural ground=
imported water; (3) storage dep
to as the "one-time reserve" an
sitional storage reserve; (4) r
water.

Perenn

EWATER SUPPLY

in Lemmon Valley is discussed in
of: (1) the perennial yield, or
natural discharge; (2) an augmented
ater supply 1is supplemented by
etion, which is sometimes referred
d-is evaluated in terms of a tran-
cuse of water; and (5) imported

ial Yield

The perennial yield of a g
as the maximum amount of water
be withdrawn and consumed econo
period of time. If the perenni
water levels will decline until
pleted of water of usable chemi
become uneconomical to - maintain
the natural recharge to or disc
Moreover, perennial yield ultim
amount of natural discharge tha
beneficial use.

Table 10 shows that the es
charge from the ground-water sy
acre~feet per vear.

amount of this outflow that can
If water is leaking downward in
neath the valley fill and then

round-water reservolr may be defined
f usable chemical guality that can
nically each year for an indefinite

al yield is continually exceeded,

the ground-water reservoir is de-

cal guality or until pumping lifts
Perennial vield cannot exceed

harge from the ground-water reservoir.
stely 1s limited to the maximum

t can be economically salvaged for

timated natural recharge to and dis-
stem in - Lemmon Valley is about 1,400

However, about 200 acre~-feet per year of the
discharge might be subsurface outflow to adjacent valleys.

The

be salvaged by pumping is not known.
to fractured consolidated rocks be-
laterally out of the area, probably

only a small part of the outflow could be salvaged by pumping from
the valley-fill reservoir. On the other hand, if water is moving
laterally into fractured bedrock, water levels might be drawn down
below a barrier by pumping and most subsurface outflow could be
salvaged. For purposes of this report it is assumed that about half
of the 200 acre-feet per year of probable subsurface could be eco-
nomically salvaged by pumping from the valley-fill reservoir. If it
is assumed that virtually all evapotranspiration could be salvaged,
then perennial yield for Lemmon Valley totals about 1,300 acre-feet.
Perennial yield of the Silver Lake subarea is about 900 acre-feet,
and perennial yield of East Lemmon subarea is about 400 acre-feet.
Any significant flow between the two subareas would change the nat-
ural yields accordingly.

Augmented Yield

The water resources of Lemmon Valley have been supplemented by
imported water since the early 1940's. Importation probably will
continue at least at the same level as in 1971. 1In this report the

term augmented yield is used to describe the total amount of ground
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water available: the perennial yield plus salvable secondary re- .
charge resulting from use of imported water. Augmented yield

remains constant only as long as the amount of imported water and

+he manner in which it is used remain constant. Consequently, if

the amount or disposition of imported water changes, augmented

yields and predictions or plans based thereon also must be revised.
Augmented yield of Lemmon Valley is estimated for 1971 conditions

of water use and disposition. Table 21 summarizes estimates used to

Table 21.--Estimated augmented vyield, 1971 conditions

[All estimates in acre-feet per year]

Total for
Silver Lake East Lemmon Lemmon
Item subarea subaresa Valley
Perennial yield 90D 400 1,300
Secondary recharge from imported
water:
Stead Facility 100 a 220 320
Raleigh Heights 0 30 30
Augmented yield (rounded) 1,000 600 1,600
Imported-water use resulting in .
augmented yield: -
Stead Facility 500 400
1,000
Raleigh Heights 0 b 150

a. Includes 140 acre-feet recharge from sewage effluent.

b. About 60 acre-feet per year of sewage exported from the valley.
compute the augmented yield of about 1,600 acre-feet. This amount of
ground water is available for development and use whenever an additional
1,000 acre-feet per year of imported water is used and the same pro=-
portion infiltrates to ground water.

Storage Depletion

No ground-water source can be developed by pumping without causing
some storage depletion. The magnitude of depletion varies with the
amount of pumpage, the hydraulic properties 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 stream or lakes; however, most have well-
defined discharge boundaries, such as areas of evapotranspiration.
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Transitional storage reserve has been defined by Worts (1967,

b Lol
[

r 25 the quantity of water
that can be extracted and benefi
period between equilibrium condi
new equilibrium conditions unde
ground-water development.
specific amount of the total grc
in addition to and developed al
by recharge.

Thire

To develop the transitional
are made:
around- areas of natural discharg
be reduced (subsurface outflow)
with a minimum of water~level dr
perennial water level 57 “aet be
virtually all losses from ground
ing would cause a moderately uni
most of the valley fill (excludi
(4) the average gpecific yield v
indicated in table 11; (5} the
economic pumping lift for the in
would have little or no effect o
(7) the water is of suitable che

Table 22 lists the estimate
for Silver Lake and East Lemmon
nmerennial yield of East Lemmon g
by pumping only in the Central A
Golden Valley are included becau
Also, some of the natural discha
be galvaged by pumping from well
plate 1 are effective barriers t
Black Springs area is compartmer
outflow could be galvaged with c
providing pumping is stragetical

Considerable time will be
charge and approach a new equili

Agsuming uniform rates of storag

discharge, the annual pumpage (0

which depletion would take place

ing equation:

0 =

{1} wells would he st

Storage de

in storage in a ground-water reservoir
cially used during the transition
tions in a state of nature and the

the perennial yield concept of
transitional storage reserve is a

und water in storage; it is water

ng with the long=term amount provided

storage reserve, several assumptions
rategically situated in, near, and

e so that these natural losses could
or stopped (evapotranspiration losses)
awdown in the pumped wells: (2) a

low the land surface would curtail
water; (3) over the long term, pump-
form depletion of storage throughout
ng some remote tributary areas):

ould be approximately equal to that
ater levels are within the range of
tended use; (6) the development
n-edjacent valleys or areas; and
mical guality for the intended use.

g of transitional storage reserve
subareas. Although nearly the entire
ubarea probably could be salvaged

rea, the Black Springs area and

se the development is significant.

rge in these two tributary areas could
8. I1f most of the faults shown on

o flow and if the wvalley fill in the
talized as a result of this faulting,

ly distributed.

equired to salvage the natural dis-
brium in the ground-water system.

e depletion and salvage of natural
}oand the time in years (t) during
can be approximated from the follow-

pletion . Natural discharge

t

Using (1)
90,000 acre~feet in B8ilver Lake
Lemmon subarea,
vields)

(2) estimated in
in 1971 of 1,000 acre~fe
and 600 acre-feet per year in Ea

2

the equation and estimated transitional storage reserves of

subarea and 50,000 acre~feet in East
creased salvable discharge (augmented
et per year for Silver Lake subares
st Lemmon subarea (assuming these

omparatively small water=level declines,



Table 22.--Estimated transitional storage reserve

Area Thickness Average Transitional
subject to £o be specific storage
depletionl/dewatered yield reserve
{acres) {feet) (percentage) (acre~faet)
Subdivision (1) (2) (3) (1)x(2)x(3)
S1ilver Lake subarea a 14,000 40 16 90,000
East Lemmon subarea
Central Area b 7,000 30 13 27,000
Black Springs area 2,800 50% 12 ¢ 17,000
Golden Valley 860 50% 12 ¢ 5,200
Subtotal (rounded) 11,000 35% 13 50,000
Total (rounded) 25,000 38% 15 140,000
1. Shown in figure 5.
a. Does not include remote alluvial area northwest of sec. 6, T. 21 N.,

R. 19 E., or area secs. 2 and 3, T. 20 N., R, 18 E.

b. Does not include remote alluvial area in sec. 19, T. 21 N., R. 20 E.,

and area to the south.

¢. Recovery of all stored water indicated would be complicated by barrier

affects.
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values would remain constant 1
rate (Q) equal in quantity to

with the general intent of Nev
deplete the transitional stora

the future), and (3) a pumping

the augmented vield, in accordance
sda-water law,

the time (£) to
e reserve 1s computed to be about

180 years in Silver Lake subarea and 170 years in East Lemmon

subares.

In actual practice, t

he transitional storage reserve

probably will not drain uniformly from the valley=fill reservoir

because of the fault barriers

pumping. Consequently, less w
and equilibrium may be approac
cated by these rough computati
not strategically located

{that

and the irregular distribution of

ter would be withdrawn from storage

ed significantly sooner than indi=

ns. In the event that pumping is
is, becomes too concentrated in

one or more local areas), conditions of local overdraft could

occur, and no new eguilibrium
unfavorable to local pumping oc

Reuse

ould be attained before conditions
curred.

of Water

When water is pumped from

the ground-water reservoir, usually

only part is consumed. The remainder may be returned to the grounds=
water system and become available for reuse in a manner similar to
imported water. However, as previously described, most uses result
in some deterioration in water quality, and recirculation may event-
ually lead to a serious deterioration in the quality of pumnped
water. In arid areas, where demand for water exceeds the readily
available perennial supply, one alternative is to reuse water as
much as possible and attempt to maintain satisfactory chemical
quality by water treatment. Advances in water-treatment technology
have made this alternative more attractive than it was several vears
ago.

The maximum sustained with
developed under the perennial-

drawal from a ground-water basin

or augmented-yield concepts may be
estimated by multiplying the yield by a reuse factor. (For a detail-
ed explanation, see appendix I.) Briefly, the reuse factor is defined
ast—=, Where R is the part of the water that is recirculated. These
compltations assume that all the water available on a perennial basis
would be reused repeatedly until entirely consumed and that suitable
water quality could be maintained by some type of advanced water treat-
ment. Tables 16 and 21 indicate that about 35 percent of the water
used at the Stead Facility is recycled. Recirculation by houses with
lawns that dispose of waste water through septic tanks probably is
almost twice this amount. Houses without lawns, apartment houses,

and trailer courts probably recycle even a larger precentage of
withdrawn water.

ent 1s used for the following example;
s about 1.5. Table 21 shows the aug-
nder 1971 conditions to be about 1,600
multiplied by a reuse factor of 1.5,
thdrawal, under this condition, of

In 1971, much of the total sewage-

A recirculation of 35 perc
in this case the reuse factor i
mented yield for Lemmon Valley
acre-feet per vear, which when
provides a maximum sustained wi
about 2,400 acre-feet per vear.
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plant effluent was lost to evapotranspiration. If most of the
sewage-plant effluent were recirculated, the maximum sustained
withdrawal for Lemmon Valley can be computed to be roughly 4,500
acre-feet per year. This figure approaches the theoretical
maximum. The amount of use that could be practically achieved
would be between 2,400 and 4,500 acre-feet per year. The above
computations serve to illustrate how recycled water is a means of
extending the usefulness of a limited water supply. There also
would be the very substantial problem of disposal of salts removed
during advanced treatment, which could adversely affect the desir-
ability of this alternative.

Imported Water

As mentioned before, water has been imported to Lemmon Valley
since the early 1940's. In the event that previously listed
estimates of yield are insufficient to meet water requirements
for planned future developments, importation of additional water
is an alternative that may be considered. However, there is also
a high demand for water in the Truckee River Basin and significantly
increased importation of water into Lemmon Valley may not be possible
until legal and social questions beyond the scope of this study are
resolved. Consequently, no estimates of future quantities of imported
Truckee River water are included in this section. As of September
1971, permits had been issued by the State Engineer to pump about 600
acre-feet per yvear of ground water from adjacent Cold Springs Valley
for use in Lemmon Valley.
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FUTURE DE

Location of the area adjacen
way of U. 8. Highway 395, and the
have been subdivided but not yet
of Lemmon Valley will continue to
future development will ultimatel
available on a perennial basis, b
of pumped water, and by features
ag hydraulic barriers in the wall
of water. Options concerning wat
development will be limited by th
tional water will be obtained fro
sections discuss future developme
by the ground-water flow system,
gquality changes, and availability

Strategic Distrib

e supply

nt in rels

ELOPMENT

t to Reno, guick access to Reno by
pregence of tracts of land which

occupied suggest that the population

grow at a rapid rate. However,

y be limited by the quantity of water
y probable changes in chemical quality
of the grc
ey £ill ar

und=-water flow system, such
d the areal of distribution
er guantity are simple; either future
urrently available or addi-
the valley. The following
tion to constraints imposed
future water-level declines, water=-
of storage facilities.

mooutside

ution of Pumping

A previous section indicated
yield was about 1,000 acre~feet p
about 600 acre~-feet per year in B
tell how much water may be withdr
indefinite period of time, using
if development is not strategical
ground-water flow system, part of
pumped so intensively that a loca

augmented yield of the area had not been exceeded,

that for 1971 conditions augmented

er year in Silver Lake subarea and
ast Lemmon subarea.
awn and consumed annually for an

Thegse estimates

1971 supply as the criterion. However,

ly distrikuted with respect to the

the ground-water reservoir may be
1 overdraft could develop even though
On the orher hand,

if pumping is distributed in roughly the same proportion as ground~
water recharge, discharge, and storage and wells are properly spaced
near areas of discharge, then natural discharge could be salvaged with

minimum water-level decliness.

The following paragraphs give preliminary

estimates of distributions of pumping which would reduce the probability

of local overdraft.

are difficult to predict.

However, local problems can be expected to develop
in areas of compartmented valley f

ill where cause and effect relations

A strategic distribution of pumping in Silver Lake subarea could

be attained by proportioning pump

ing between the north and south parts

of the subarea and making sure that withdrawals were not too concentrated

in any one area.

The pattern of ground-water flow suggested by contours

on plate 1, disposition of imported water listed in table 16, and esti-
mates of ground-water evapotranspiration listed in table 19 suggest that
if net pumpage south of Silver Lake were about 300 acre-feet per year

or less and net pumpage north of 8ilver Lake were about 700 acre-feet
per year or less, pumping would be reasonably distributed with respect

to the ground-water flow system.

In the section on storage de
ed yield in East Lemmon subarea ¢
pumping in the Central Area.  How
already occurred in Black Springs

pletion it was indicated that augment-
uld be most readily salvaged by

ever, considerable development has
area and Golden Valley; estimates




for these areas are included. The gquantity of water that can be
readily salvaged by pumping from these two areas is difficult to
evaluate because they both drain to the Central Area and salvage
would probably be accomplished by decreased transmissivity caused
by lowered water levels or by drawing water levels down below
hydraulic barriers. For purposes of obtaining a preliminary
estimate, about half of the recharge generated from the drainage
areas of Black Springs area and Golden Valley was assumed salvable
by local pumping. The estimated recharge generated in the two
tributary areas, the pattern of ground-water flow suggested. by
contours on plate 1, the distribution of imported water listed in
table 16, and estimated evapotranspiration of ground water shown
in table 19 suggest that if net pumpage in the Central area was
about 400 acre-feet per year or less, if net pumpage in Black
Springs area was about 170 acre-feet per year or less, and if net
pumpage in Golden Valley was about 30 acre-feet per year or less,
pumping would be reasonably distributed with respect to the ground-
water flow system. Any water exported from Black Springs area or
Golden Valley as sewage should be considered part of the local net
pumpage, because there would be no local return flow to ground
water.

Changes in Distribution of Water

Water-level changes resulting from the existing development
have been described in the preceding sections. It was pointed out
that as of 1971 the most significant water-level declines were in
areas where water had been transported away from where it was pump-
ed. Consequently, recirculated water had little stabilizing effect
on water levels in the pumped areas. Water levels declined as
thoush all pumped water were consumed, whereas at the same time,
water levels where the water was used rose in response to induced
local recharge.

1f future developments include placing houses, which are currently
supplied by locally derived ground water and which currently dispose
of wastes through septic tanks, on a public sewer system, significant
declines in local ground-water levels may occur. For example, if the
community of Black Springs were to be placed on a public sewer system
and if the sewage were to be transported to the Stead sewage plant,
the ground-water reservoir would no longer be locally recharged by
septic-tank effluent; conseguently, some decline in ground-water levels
would be expected. Moreover, much of the treated effluent from the
Stead sewer plant is consumed by evapotranspiration and only part re-
charges the ground-water system. Thus, total draft on the hydrologic
system would be increased even though the rate of withdrawal remained
the same.

Future Water-~Level Declines

One of the findings of this report is that as of 1971 no discern-
ible widespread decline in ground-water levels had occurred due to
pumping. However, in the future, as net pumpage ay;rcaches the augment-
ed yield, either because of increased development or increased con-
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sumption of existing withdrawals,
as the ground-water system adjust
ingly, it would be advisable to d
for a reasonable amount of waterp-
feet) or to construct them sgo the

Maintaining Accepta

ground-water levels will decline

s toward a new equilibrium. Accord-
rill new wells deep enough to allow
level decline (several tens of

vy may be deepened in the future.

le Water Quality

Lemmon Valley is a topograph
small amount of possible subsurfa
of maintaining satisfactory chemi
can be expected to develop in the
describe several patterns of deve
would -be reduced.

One means of maintaining sat
to minimize reuse of water by lim
the perennial or augmented vield.
sumed and some water would still
If pumping were strategically loc
eventually move to areas of natur

ically closed basin with only a

ce outflow. Conseguently, problems
cal guality of pumped ground water

future. The following paragraphs

lopment whereby quality problems

isfactory chemical gquality would be
iting ground-water withdrawals to

Not all water pumped would be con-
drain to areas of natural discharge.
ated, much of the return flow would
2l discharge, carrying dissolved

salts with it. For example, in 1
entire valley was 1,600 acre~feet

71 the augmented yield for the
per year. If withdrawal by pumping

were to be increased to this amount and used largely for domestic

purposes, only about 40 percent of
immediately consumed by evapotran

the pumpage (table 16) would be
spiration. The remaining 1,000 acre-

feet of return flow (sewage plus recharge from lawn water) could carxry
dissolved salts to areas of natural discharge near the center of the

valley.
under natural conditions.
900 acre-feet of imported water p
water.

Salt could continue to accumulate in these areas as. it had
Total water supplied each year would be

lus 1,600 acre~feet of pumped ground

On the basis of an average demand of about 200 gpd per capita,
about 10,000 persons, or the equivalent in other uses, could be supplied.

If the above quantity were insufficient to satisfy future demands

for growth,; one alternative would

be to increase imported water and

maintain drainage toward natural discharge areas by keeping pumping

withdrawals at or below the augmented yield.

served by imported water and pump
uted, a significant increase in u

significant deterioration in water quality.

If additional sites

ing were both strategically distrib~
se might be realized without any
The amount of increase

probably would be limited by ability of the discharge area to handle

the increased drainage. Because

subsurface outflow is believed to be

small, it is doubtful whether much water of poor guality could be

drained in this manner.

Table 9 shows that there are more than 1,200
acres of playa in the low parts of Lemmon Valley.

If a net rate of

evaporation of 3.3 feet per year is assumed (Kohler, 1959, pl. 2},
these areas should be capable of consuming nearly 4,000 acre-feet per
year of water by evaporation, less any natural runoff that reaches




these areas. This alternative, although simple in principal, is
also a comparatively inefficient "use" of water. Much imported
water would be used only once and then lost by evaporation.

A more efficient alternative is to reuse the water. The
amount of water that can be reused ranges from a small amount when
withdrawals are near the perennial yield to a substantial part of
the pumpage when the maximum sustained withdrawal rate is attained.
The rate of deterioration in guality of pumped water increases in
proportion to the degree of reuse. If about 900 acre-feet per
year of imported water and the perennial yield of 1,300 acre-feet
were reused to the maximum extent possible, the maximum sustained
withdrawal would be about 5,400 acre~feet per vyear (900 acre~feet
per vyear imported water and about 4,500 acre-feet per year pumpage,
p. 82). Using a per capita withdrawal of 200 gpd per person, about
24,000 persons could be served. However, reused water would have
to undergo advanced treatment to maintain satisfactory guality, salts
removed by treatment would have to be disposed of, pumping would have
to be strategically distributed so that necessary recycling would
occur in spite of barriers, and techniques would have to be deviged
to recharge treated effluent to the ground-water reservoir. Thus,
substantial reuse of water would be an efficient but costly alter-
native.

Still another alternative would be to import water, combine
imported water with ground water withdrawn at the maximum possible
rate, and maintain a satisfactory chemical quality by exporting
highly treated effluent back to the Truckee River Basin. This
alternative offers a means of maintaining satisfactory chemical
quality without the extensive treatment necessary for recycling and
also avoids problems of salt disposal and artificially recharging
the ground-water reservoir. Moreover, ground-water withdrawals from
Lemmon Valley would make up part of the exported effluent, thus help-
ing to reduce the net loss to the Truckee River system. There would
be some reduction in chemical quality of the return flow but probably
not much more than if the same water were withdrawn and used within
the Truckee River Basin. The problem aspects of this alternative
would be the legality of increasing imports, if needed, the cost of
constructing export facilities, and of treating and pumping effluent
out of the area.

Table 23 summarizes the preceding alternative in terms of esti-
mates of imported water, ground-water pumpage, consumption, recycled
water, return flow to the Truckee River system, and estimated popu-
lation served for specified levels of net loss to the Truckee River
system. These estimates were computed from relations described in
Appendix II and the distribution of imported water given in table 16.
retimates in table 23 are based on average conditions and do not take
into account factors such as peak demand and reservoir storage. Also,
pumping and high density areas served by imported water would have to
be strategically located with respect to the hydrologic system. Table
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Table 23.--Summary of estimated import-export values for specified

levels of net diversion from the Truckee River system

[Water values in acre-feet per vear]

Net
Refurn ‘diversion
flow to from
Truckee Truckee
Imported Ground~- River River Estimated
water + water = = Water + Amount 4 gystem system population
9] pumpagaif Total consumed recycleds {(2) (Ly=(2) servedd/ }
1,300 1,900 3,200 1,300 600 1,300 0] 14,000
3,100 2,400 5,500 2,200 1,100 24200 a 900 24,000
4,760 b 2,800 7,560 3,030 1,500 3,030 1,760 34,000

1. ~Pumpage at maximum sustained rate permitted by augmented vield and reuse factor.

2. - Includes recharge from imported water and recycled ground-water pumpage.

3. Based on per-capita withdrawal of 200 gpd.
a. Approximate net diversion in 1971.

b. Maximum rate of import to Stead quthorized by the Public Service Commission

of HNevada,
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23 indicates that with an importation of 3,100 acre~feet per year
and ground-water pumpage of 2,400 acre-feet per year, a population
of about 24,000 could be served. The return flow to the Truckee
River system would be about 2,200 acre-feet per year with a net
diversion of only 900 acre-~feet per year.

Examples of possible schemes of future development listed in
the preceding paragraphs have been presented in terms of general
conditions for the entire basin. The examples given illustrate
that development will be constrained by quantity and quality con-
siderations and that any plan for future development should take
both into consideration. Implementation of any specific scheme of
development will also be hampered by the fault barriers and compart-
ments identified in this study and probably by additional ones that
will be discovered as development proceeds. Any valley-wide plan
for substantial ground-water development would have to take these
geologic constraints into account. ‘

Temporary Ground-Water Storage

Figure 10 showed that demand for water during summer months
greatly exceeded the demand during winter months. In the event
increased import of Truckee River water were feasible, the potéential
population served would be limited by ability of the pipeline to
supply peak demands. If adequate storage were available, water
imported during periods of low demand could be temporarily stored
and then used to meet peak demands during the summer. Storage could
be accomplished by constructing a surface reservoir; however, another
alternative would be to temporarily store imported water in the ground-
water reservoir. For example, if water imported and not used during
winter months were injected into large-capacity wells, such as wells
21/19-18cbdd or well 21/19-19bacc, then these same wells could be
pumped during summer months to meet peak demands. Additional testing
would be required to evaluate the feasibility of this alternative.

88



NUMBERING SY¥STEM FOR HYDROLOGIC SITES

The numbering system for hydrologic sites in this report is
based on the rectangular subdivision of the public lands, referenced
to the Mount Diablo base line and meridian. It consists of three
units: The first is the township north (N) of the base line; the
second unit, separated from the first by a slant, is the range east
(E) of the meridian; the third unit, separated from the second by a
dash, designates the section number. The section number is followed
by a letter that indicates the quarter section and quarter-quarter-
quarter section where applicable, the letters a, b, ¢, and d designate
the northeast, northwest, southwest, and southeast quarters, respective-
ly. For example, well 21/19-15bbbb is the well recorded in the Wk
NWH%NW% section 15, T. 21 N., R. 19 E., Mount Diablo base line and
meridian. Township and range numbers are shown along the margins of

"plate 1, and section numbers are shown on the topographic base. Because

of limitation of space, wells are identified on plate 1 only by quarter
section letters.
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SELECTED WELL DATA AND WELL LOGS

Selected well data are listed in tables 24 and 25. Selected
drillers' logs of wells are listed in table 26. Most of the well
data and logs are from the files of the Nevada State Engineer.
Table 27 lists generalized logs of U. §. Geological Survey test
wells in Lemmon Valley.
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Table 25--Approximate location, altitude, and depth to water of

seven wells in Lemmon Valley on July 18, 1942
[Data from U.S. Army Corps of Engineers, 1943, p. 6]

Altitude land Depth . Altitude
surface or to water

Location top casing water surface

21/18-36ddd 4,969.31 9.73 4.,959.58
. 21/19-31cdcl 4,967.15 7.00 4,960.,15
=31lede2 4,961.91 2,70 4,959.21

~31dbecl 4,970.72 13.45 4,957.27

’ ~31dbe2 © 4,969.02 15.83 4,953.19
~32cdb 4,986.6 22,00 4,964 .61

~33cce 4,968.02 17.60 4,950.42
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Table 76.--Selected drillers' logs of wells

108

Thick~ Thick-
Material ness Depth Material ness Depth
7 {(feet) (feet) (feet) . (feet)
20/18=1deced ; 20/18-11ad (continued)
Topsoil 3 3 Sand and gravel, fine
Boulders 22 25 to coarse with yellow
Clay . 65 90 clay, rocks, hard.
Gravel, small, some water 20 110 Fifth water, very ‘
Clay 9 119 little water 7 80
Water gravel 19 138 sand, fine to medium,
Clay, sandy, and small with vellow clay,
gravel 29 167 rocks, hard. Sixth
Sand, coarse, and small water, very little
gravel 6 173 water 20 100
Clay, sandy, and small
gravel 2 175 20/18-12abce
20/18-2dddd Soil, black loan 10 10
R ——— Clay, vellow 9 19
Topsoil and rock 6 6  Gravel strata with water,
Boulders and clay 108 114 rocks, sandy yellow
Clay and broken rock 56 170 clay mixed 21 40
Clay, yellow, sand and
20/18~11laadd small rocks 13 53
Rocks, coarse sand and Clay, vellow, with sand 9 62
gravel with soil 8 g Rocks and sand ' Z 64
Clay, yellow with coarse Clay, yellow, with sand & 68
sand and gravel, rock, Rocks ?nd sand 3 1 69
hard. First water. Clay silt formation . 5 74
Water level 6 ft 8 inches. Sand and gravel 3 73
Very little water 29 37
Sand and gravel, fine to 20/18-13dcaa
coarse with yellow clay. Clay and broken rock 3 3
Rocks, hard. Second Rock, weathered, broken 16 19
water, Water level Clay and rock 10 29
23 feet 8 inches. Very Rock 7 36
little water 9 46 Rock and clay 10 46
Sand and rocks. Very hard 7 53 Clay, brown 22 68
Clay, yellow, soft 10 63  Clay, gray 36 104
Sand and rocks., Third Sand and rock 16 120
water. Water level Clay, sandy B 128
23 feet. Very little Sand and rock, water=
water 5 68 bearing 14 142
Clay, vellow with fine to Sandstone 4 146
coarse sand and gravel Shale, blue and sand,
with yellow clay, rocks, water~bearing 8 154
hard. Has trickle of Shale, some water 24 178
artesian flow. Probably Shale, gray, some water 22 200
seep from Anderson's
Springs above WPRR tracks 5 73




Table 26.--Selected drillers’' logs of wells (continued)
Thick- Thick-
Material ness epth Material . ness Depth
{feet) - {feat) {feet) {(feer)
20/19-3beab 20/19~8bcba (continued)
Topsoll, water-bearing 36 36 - Clay, red, with fine to
Gravel 24 60 coarge sand and gravel;
Gravel, water-bearing 8 68 Soft 6 72
Gravel 11 79 Sand, coarse, and coarse
Sand, water~bearing 1 80 gravel, stony, loose.
Granite, decomposed 4 84 Third water, little
. Granite, decomposed, water 3 15
" water-bearing 26 110 Clay, red, with medium
Granite, decomposed 146 256 to coarse sand and
“Granite, decomposed, with gravel. Boft. Fourth
water-~bearing strata 80 436 water. ~Water level
Granite 39 375 57 feet & dnches. Little
water i0 85
20/19-4bdab Clay, red, with medium to
Topsoil, sandy 29 29 coarse sénd and gravel,
Cla andy. hard 19 41 soft. Fifth water,
¥, 8 Vs .
Water level 55 feet
Clay, sandy 31 72 : e :
, 6 dnches. Little water 15 100
Clay, sandy, and rock 26 98 Cla d ith medi
Granite to hard granite 16 114 dy’,rh(’ wath medlum to
coarse sand and gravel,
soft. Siuth water:
20/19-4ddac Water level 47 feet 10
Sand 63 63 inches. Little water 10 110
Rock, hard, with fractures 124 187
Soft spot 1 188  20/19-8caac
Rock, hard, with fractures 108 296 T T
Soil 2 2
_ Clay . and rock 54 56
20/19-8bcba caid 2 58
Clay, sticky, red, with Clay and rock 22 80
fine to coarse sand Sand 4 84
and gravel 35 35 Clay and boulders 28 112
Clay, red, with fine to Sand 6 118
coarse sand and gravel, Clay and rock 62 180
few stones, soft and Sand 7 187
: solid 24 59 Clay and rock 15 222
. Sand, medium to coarse, Sand b 228
large gravel, stony, Clay and rock 34 262
loose, First water. Sand 4 266
Water level 45 feet 3 62 Clay 5 271
Clay, red; with fine to Sand 7 278
coarse sand and gravel 2 64 Clay and rock 6 284
Sand, medium to coarse, Sand and boulders 8 292
and large gravel, loose,
Second water. Little
. water 2 66
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Table 2¢.~—Selected drillers' logs of wells (continued)

Thick-

110

Thick~
Material ness Depth Material ness Depth
(feet)  (feet) (feet) (feet)
20/15=-8ddbd 20/19~10aaacl
Clay, vellow, soft 38 38 Sopil 3 3
Sand and gravel; fine to Granite, decomposed, and
coarse, with clay. clay 79 82
- First water, water Granite, decomposed 6 g8
“level 22 feet 7 45  Sand, dry ° 1 89
Clay, yellow 5 50 Granite, decomposed, hard 29 118
Sand and gravel, fine to Granite, decomposed, and
coarse, with clay, sand 2 120
stony. Second water,
water level 24 feet 5 55  20/19-1ledab
Clay, yellow * 10 65 Soil 2 5
Sand and gravel, fine to
. Clay 73 75
toarse, with clay.
: N Sand 2 77
Third water 7 72
Clay, vellow 14 91
Clay, yellow 5 77 :
c Granite, decomposed 4 95
Sand and gravel, fine to
. Clay, vellow 13 108
coarse, with clay.
Sand, hard 7 115
“Fourth water 13 90
Boulders and clay 3 118
Clay, yellow 5 95 Cla 2 120
Sand and gravel, fine to y
coarse, loose, Fifth »
water, water level 20/19-14abbe
27 feet 5 100 Topsoil 2 2
Clay, yellow, with fine Clay,; vellow, sandy, with
to coarse sand and small gravel to 2 inches 4 6
gravel, Sixth water, Clay, brown, sandy 7 13
" water level 23 feet Clay, brown, sandy, with
.6 inches 15 115 small gravel to % inch 19 32
Clay, yellow, hard and Clay, vellow, hard, with
sticky 30 145 gravel to % inch mixed = 11 43
Sand and gravel, fine to Clay, yvellow, sandy, soft 3 46
 coarse, with clay. Sand, coarse, with gravel
Seventh water 15 160 to 3/8 inch mixed with
Clay, yellow 25 185 yellow clay 40 86
Sand and gravel, fine to Sand, coarse, with small
coarse, loose, Eighth : gravel to % inch - 2 88
water 2 187 Granite, weathered,
becoming harder 2 90




Table 26.--Selected drillers' logs of wells (continued)

=

Thick~ Thick=~
Material ness Depth Material ness Depth
‘ (feer) (feet) {feet) {(fest)
20/19-15aaca 21/18-25bbbe
Granite, broken 3 3 Topsoil 1 1
Granite, gray 52 35 . Clay 79 BO
Basalt, black 17 72 Sand, coarse to fine,
Clay seam : 8 80 water i3 93
Granite, gray 12 92" Clay, brown 12 105
Clay; sandy 18 110 = sand, coarse to fine,
Granite, rotten 5 115 water 15 120
Granite, gray 30 145 Clay, brown 43 163
Llay crevice, sandy 5 150 Gravel, medium, main
Granite, gray, hard 32 182 water 10 173
Clay, brown 2 175
20/19-15bcde
Topsoil 4 4 21/18-2haadb
Clay, heavy, and sand 34 38 sandy loam 15 15
Clay, sand, and broken Clay, yellow 45 60
rock formation 88 126 Clay, blue 15 15
Clay, sand, gravel, and Clay, blue, with fine to
broken rock (some coarse sand, fine mica.
water) 32 158 First water, water level
Clay, hard, dry, and 63 feet 6 inches.
shale 49 207 -Little water 10 85
Clay, sand, and broken Sand, fine to coarse with
rock formation 153 360 blue clay. Second
Water-bearing 42 402 water, little water 10 95
Rock, hard 6 408  Sand, fine to coarse with
blue clay. Third
21/18-24aabd water, water level
Soil 4 4 64 feet . 10 105
Granite, decomposed 8 12 Sand, fine to CD?YSQ witn
Clay, sandy 82 94 blue clay, a llttle
Sand 1 95 gravel. Fqurth water,
Clay, sandy 13 128 waFer level 64 fest L
Sand 1 129 6 inches 10 115
Clay 9 138 Clay, blue with fine to
Sand 10 148 coarse sand. Fifth
Clay 2 150 water 10 125
Clay, blue, hard, sticky 5 130
21/18-25abdd ; Clay, blue with f%ne to
coarse sand. Sixth
Clay and shale 55 55 water, water level
Sand, fine, water-bearing 27 82 64 feet 15 145
Sand, coarse, water- Clay, blue, hard, sticky 5 150
bearing 11- 93  sand, fine to coarse, a
: little gravel with blue
. clay, fine wmica. Seventh
water 10 160

Sand, fine to coarse, a
Little gravel with blue
llleclay, fine mica, Water 10 170




Table 26 .~-Selected drillers’ logs of wells (ccﬁtinue&)

Thick- Thick-
Material ness Depth Material ness Depth
(feet) (feet) ' (feet) (feet)
21/18~36ccda 21/19~15cbad (continued)
Soil, black loam 5 5 Sand, fine, and streaks ‘
Clay, yellow 22 27 of water sand 20 140
Sand, water strata A 27 .4 Water sand, coarse 10 150
Clay, yellow with sand 29.6 57 .
Sandy formation with 21/19~19bacc
some yellow clay 28 85
Clay, blue 10 g5 Clay, sandy 1g
Sand, fine with blue S 4
clay formation 15 110 Saig’ ry 40
Glay,»blue 5 115 Clay 56
; Sand 20
élilg:giéé Sand and c¢lay lense
S0il, sandy loam 2 2 gand
Granite sand, fine Clay, sandy
mixed with a little : Sand
yellow clay 30 32 Clay, sandy
Clay, yellow with sand 138 170 Sand
Gravel strata (seepage Clay, sandy
water 6 inches) at Clay
170 feet., Yellow clay sand and "pea" gravel
with dand. Gravel Clay
strata {(seepage water Sand, coarse 20
at 292 feet) 122 292  Clay, sandy 30
Clay, yellow with sand 8 300 Sand and ''pea' gravel 100
Sand gravel strata, Clay 12
black, almost like Sand and “'pea' gravel 213
the Truckee River sand 300
21/19-21dacd
21/19~15bedb Clay 12
Clay, sandy 140 140 Gravel and clay streaks 26
Sand, loose 6 146  Cobbles and clay 6
Clay, sandy 52 198 Clay 7
Rock, yellow, hard 7 205 Sand 2
Roek, white, soft 15 220 Clay 12
Crevice 2 222 Gravel 2
Rock, hard 6 228 Clay 45
Crevice 1 229 Clay with thin layer of
Rock, solid 11 240 sand 91
Sand rock 72
21/19-15cbad
Sand 30 30
Sand and boulders 20 50
Sand and small boulders 30 80
Sand 20 100
Sand with small streaks
of gravel 20 120
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Table 26.~-Selected drillers' logs of wells (continued)
Thick~ Thick=
Material ness Depth Material ness Depth
{feet) {(feetr) (feet) (feet)
21/19-22bcdc 21/19~30ddda (continued)
Clay 16 16 Clay, hard streaks 14 282
Sand 1 17 = Granite, tight, medium-
Clay 3 20 hard 34 316
Sand 3 23 Cemented, hard ‘ 18 334
Clay 17 40 - Gravel, fair 3 337
Sand 2 42 Clay, tough 8 345
Clay 34 76 = Gravel, fair 3 348
Sand and clay layers 36 112 clay, tough 8 356
: Clay 55 167  CGravel, no good 7 363
-8and 8 175 Clay, tough 14 377
Sand, gravel, and clay Gravel, fair condition 10 387
layers 17 192 cCiay, tough 3 390
Sand 23 215  Gravel 4 394
Clay 3 218 Clay, tough 11 405
Sand and clay layers 150 368  Gravel, loose 7 412
Clay, sticky 10 378  (Clay 2 414
Sand 2 380  Gravel 4 418
Clay, sticky, hard 10 390  Gravel, cemented 418-~420 2 427
Sand 17 407  Clay, tough 4 431
Sand, gravel, and clay Gravel, loose 4 435
layers 115 522 Clay, good 11 446
Boulders 3 525  Gravel 11 457
Sand and gravel 75 600  Clay 5 462
Gravel and clay streaks,
21/19-23adbb ‘ blue clay 20 482
Sand, loose 14 14 ~ Cravel, loose 8 490
Sand and clay 46 60 Clay L 500
Sand, coarse 10 70 Gravel, hard streaks 6 506
Clay, sandy 13 83 Gravel, loose ' 10 516
? Gravel, tight, medium 10 526
Sand and gravel 12 95 4 ght,
Clay, sandy 15 110 Shale. 2 331
Sand. coarse 18 128 Gravel, hard streaks 23 556
k]
Clay 2 130 Gravel, loose 5 561
Gravel and clay streaks 10 571
-, Shale, ¢lay 5 576
21/19-30ddda Gravel, hard streaks 25 601
Clay and gravel 15 15  clay 2 603
Granite sand 130 145 Gravel, tight 23 626
Clay 11 156 - Gravel and clay 5 631
Granite sand 24 180 - Clay 10 641
’ Cemented 7 187  Gravel, hard streaks 30 671
Clay and sand 43 230 Clay 5 676
Cemented, hard 16 246 Gravel, tight 5 681
Clay 10 256 Gravel, loose 5 686
Cemented, hard 7 263 Gravel, tight 15 701
. Medium hard 5 268  Clay 5 706
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Table 26 .~Selected drillers' logs of wells (continued)

Thick=

Thick-
Material ness Depth Material ness Depth
(feet) (feet) , (feet) - (feet)
21/19-=31cecc 21/19-31ccec {continued)

Clay, sandy 29 29 Shale, medium hard 20 985
Clay, sticky 24 46  Gravel, loose 11 ‘ 996
Clay, brittle (ash) 2 48  Gravel, tight 71,003
Clay, sticky 53 101 Clay 2 1,005
Clay, blue, tough 51 159  Gravel, loose 15 1,020
Clay with brittle streaks Clay, tough 35 1,055
of clay 84 236 Shale, hard 115 1,170

with soft i 3

Clé‘;j;étts:ﬁugh ’ 89 325 21/19-34bbab '
Clay, tough 27 352 clay, sandy 5 5
Gravel 28 380 Clay, hard 3 8
Clay 7 387  sand 1 9
Packed hard, not water- Clay, brown 19 28
bearing 5 392 Sand 1 29
Clay, brittle (soft shale) 7 399  ¢lay, brown 13 42
Clay, soft 50 449  sgand and clay layers 24 66
Granite sand, loose, not Clay 4 70
good aquifer 18 467  gand 2 72
Clay 3 470 . clay 18 90

Sand and gravel, loose 17 487 Clay, gray, soft 99 112 .
Clay 19 506  clay, brown, sticky 45 157
Sand 4 510  sand and clay layers 23 180
Clay, hard 20 530  clay, light gray 12 192
Clay, soft 20 550  gand and clay streaks 10 202
Clay, hard 53 603 clay, brown 14 216
Gravel, loose 24 627  gand with thin clay layers 32 248
Clay, firm 11 638  (lay, brown, sticky 4 252
Gravel, small and fair Sand and gravel 16 268

condition 12 650  gand, gravel, and clay -

Clay 44 694 streaks 29 297
Clay, brittle (shale in Clay 7 304
clay) 10 704 gand and clay streaks 78 382
Clay 20 724 cobbles 1 383

Sand and gravel, loose 52 776 Sand, gravel, and clay

Clay 7 783 streaks 29 412

Sand and gravel, loose 18 801 Boulders 9 414

Clay, tough > 806  gand, gravel, and clay \

Clay, medium hard &4 850 stroaks 41 455

Clay, sandy, soft 18 868  Granite 3 458

Clay with some sand ‘ ‘ «

streaks ; 20 888  22/19-18dd

Clay 26 914 )

Gravel, loose 8 922  Soil, sandy loam 3 3

Clay 8 930 Sand mixed with yellow

Gravel, loose 7 937 ~ clay 77 80

Clay 28 9t5 Clay, yellow 100 180 .
Clay, blue 85 265
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Table 27 .--Generalized logs of U.$. Geological Survey test wells
(Numbers in parentheses are U.S, Geological Survey field numbers)
Thiclk- Thick=
Material ness - Depth Material ness  Depth
{feet) {(feet) (feet) (feest)
20/19=5bbab (14) 21/19-20dbda (5) ‘
8ilt and sand 7 7 Sand ; 7 7
Clay, sandy, brown, Sand and gravel 15 22
drilling cased at Sand, damp, brown 10 32
16 feet 10 17 Sand and silt 5 37
clay‘ Sandy' wet 10 2 Sand and C:lay 35 72
Sand and pravel 5 77
20/19-6aabe (8) Sand, clayey 10 87
Topsoil and gravel 7 /- 21/19=21dedb (21)
Sand, clayey, some Sand. tan 7 7
" ’ g
gravel 20 41 Sand and pravel; tan 20 27
Sand 10 37
20/19-9bbba (27) Sand, cemented with
Gravel and sand 7 clay 9 46
5ilt and ¢lay, reds Sand and clay 6 52
brown, drilling Clay, sandy, dvilling
cased at 15 feet 15 2 cased at 68 feet 20 72
Sand and clay; red~ Clay, sandy, and sand,
brown 20 4 - red 5 17
21/18-36addbl (2) 21/19~22bdabl (1),
Clay and silt, dry 6 £ Clay, dry 10 10
Sand, damp, wet at Clay, damp 15 25
12 feet 14 R 20 gang and clay, inter-
Clay, brown 85 10° bedded 125 150
Clay 45 15¢
21/19-22badb2 (19)
21/18~36addb2 (3) ( ,
Clay, dry 7 7
Silt 8 8  Clay, danmp 15 22
Sand 5.5 13.5 Clay and sand 4 26
21/19-19cada (6&) 21/19=24abce (24
541t and sand, drilling Sand, silty, tan 40 40
cased at 10 feet 10 10 Gravel 1 41
Silt, sand, some gravel 1 11 Clay, sandy, dark brown 19 &0
Sand and c¢lay, inter= Rock 1 61
bedded 31 42 Clay, sandy, brown 14 75
Gravel , rock at BO feet,
21/19-20bded (4) dry hole 5 80
Sand, some silt, hard
drilling 32 32
Sand and silt 15 47
Clay and ‘sand,; soft
drilling at 50 feet 20 67
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Thick- Thick-
Material ness Depth Material ness  Depth
(feet) (feet) (feet) (feet)
21/19-26¢cced (26a and b) 21/19-28cbee - (11)
§41¢ and clay, tan 12 12~ Sand, clay, and silt 7 7
8§11t and clay, sandy 5 17 Clay, sandy, brown 15 22
sand and silt, grayish- Sand and clay, light :
tan, interbedded 45 62 breown 15 37
Clay, sandy 15 52
21/19-27bcbe (18) Sand 1 53
Clay, silty, brown 27 27
Clay, silty, tanish- 21/19-28caab  (13)
green 10 37 Silt and clay, some
Clay, blue-gray 20 57 sand : 7 7
Clay, greenish-gray 20 77 Clay, brown, sandy,
Clay, red, tight, gome gravel 5 12
sticky 8 85 Clay, sandy, brown 30 42
21/19-27dcaa - (17) 21/19-29daab (12
$ilt, clayey, brown 17 17~ Clay, sendy, brown 7 7
84{1t, drilling cased Sand and gravel 5 12
at 20 feet -5 22 Sand, brown 5 17
Clay, brown 15 37  Sand and clay 20 37
Clay, blue 5 42  Clay, sandy, red-brown 5 42
Gravel, clay 10 52
21/19-28aabd  (22) Gravel, rocks, and clay 10 62
541t and clay, tan 17 17 Clay, drilling cased
at 70 feet g 70
Clay, brown 20 37 Sand and cle 14 84
Clay, gray-green 5 42 n ay
Clay, gray-brown B 50 21/19-30cach  (7)
21/19-28bada  (10) §11t, sand, and clay 12 12
gand vl 7 Sand and clay 10 22
Clay, sandy, brown 10 17 G
Clay, sandy, light 21/19-32acaa  (25)
brown 8 22 hand, tan 17 17
Clay, sandy, tan 20 42 - Sand, brown, clayey 13 a2
Clay, silty 30 72 -~ Sand, silty, brown 28 60
Clay 7 79 Sand, ved 2 62
Sand 3 82
21/19=32baad - (23)
21/19-28cada {9) Sand 17 17
g41t and clay, brown 17 17  Sand and gravel 15 32
Clay, brown 28 45 Sapnd and large gravel 5 37
Clay, gray 1 52 - Sand, deapp 16 47
Clay, sandy, drilling
at 47 feetl 17 64
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Thicks

~Clay,. gray-green

Material nesg  Dept
{feet {(feet)
21/19-32ddbd (15)
Clay and silt 6 6
Gravel o i 7
Clay, sandy 30 37
21/19-33¢cche (16)
Soil, sandy 7
Clay, sandy 15 22
21/19-34badb  (20)
Clay, silty, and sand 7 7
Clay, silty, brown 5 12
S5ilt, clay, and sand 3 17
Clay, brown, silty 10 27
5 32
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. ; APPENDIX T

This appendix presgents a method for estimating maximum sustained
withdrawals in ground-water basins developed under a perennial-yield
concept. The perennial yield of a ground-water reservoir has been
defined as the maximum amount of water of usable chemical quality that
can be withdrawn and consumed legally and economically each vear for
an indefinite pericd of time. Generally, only part of the water pump-
ed is consumed in use; the remainder may be returned to the ground-
water reservoir and is avallable for reuse. However, most uses result
in some deterioration in water quality, and recirculation eventually
leads to a deterioration in guality of pumped water. In arid areas,

. such as Nevada, demand for water commonly exceeds the readily available
perennial supply. Consequently, one alternative receiving increased
consideration is to reuse water as much as possible and maintain
satisfactory chemical quality by water treatment. This appendix
develops a method of estimating the maximum rate at which water (includ-
ing recirculated water) might be withdrawn from a ground-water reservoir
without exceeding the perennial vield.

The following terms and symbols are used:
PY=perennial vyield

R=part of withdrawn water that is recirculated, expressed as
. a decimal fraction :

Omax~ Mmaximum annual rate of withdrawal without exceeding
perennial vield
F= a reuse factor

C=part of withdrawn water that is consumed, expressed as a
decimal fraction

When water 1s used, a certain part, R, is not consumed and returns
to the ground-water system. If the quantity withdrawn equals the peren-
nial yield, the amount returned to the ground-water system eguals R(PY).
When the gquantity R(PY) is withdrawn for reuse, the amount returned
equals only R2(PY). When the quantity R2(PY) is withdrawn to be used
a third time the amount returned is only equal to R?(PY). This process

can . continue indefinitely with an ever smaller quantitg of return flow
available for reuse. The maximum possible rate of sustained pumping

should equal the perennial yield plus the total gquantity of return flow.
This relation may be stated mathematically as follows:

Omax = PY + R(PY) + R2(PY) + R3(PY) + . . . . . R°O(py).
This simplifies to:

. Opax = PY(L + R+ RZ + R3 + ., . . . . RO9),
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However, R + R + R3 + . . . . . R®° is a geometrical progression
whose sum equals - R
- R

= PY (1 * R ) = _PY (1)

Therefore: Qmax " e

If the following substitution is made: F =

1
then Q = F (PY). IR

(2)
1f it is desired to use consumption instead of recirculation,
1 - C = R may be substituted in equation (1) which then gimplifies

to:
PY

Qmax -

Equation 2 is a simplified form of equation 1 designed to be
used with figure Al-1l. Figure Al-1l shows the relation between the
part of withdrawn water that is recirculated, R, and the reuse
factor, F. For example, if a basin is to be developed for agri=
cultural purposes, perhaps one-third (33 percent) of withdrawn
water is expected to be recirculated. Figure Al-1 indicates a
reuse factor of 1.5. If the perennial yield of the basin was about
1,000 acre~feet per year, then the maximum sustained withdrawal
under a perennial-yield concept would be about 1,500 acre-feet per
vear. If the same basin were developed for municipal purposes,
perhaps 60 percent of the withdrawn water would be recirculated
(this assumes that sewage could be satisfactorily treated and the
effluent returned to the ground-water syster). In this case, the
reuse factor is 2.5, and the maximum sustained withdrawal would be
about 2,500 acre-feet per year.

The relation shown in figure Al-1 has a limit in practical
application. The mathematically computed reuse factor approaches
infinity as the percentage of recirculated water approaches 100.

In actuality, time lag and local overdraft would prevent the theo-
retically possible reuse from being attained under conditions of
high recirculation. The limit of practical application is not known,
but effective application above 80 percent recirculation is doubtful.
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APPE

This appendix describes a 1
from the Truckee River system, i

with ground water and if treated

Truckee River system. In this
Valley would be supplemented by
possible sustained rate, to pro
gingle sewer system wonld gerve
water supplied would flow to th
and returned to the Truckee Riv
water supplied would be used ou
lawns, part of which would infi
gystem. Recharge from imported
vield. Ground water would be w:
at the maximum sustained rate p
the amount of recirculation.

The following terms are us

I

i

imported water

il

E Exported water

PY = Perennial yield

R = part of imported j
expressed as a dec

C = part of imported i
expregsed as a de

ND = Net diversion frc
eguals I ~ E

AY = Augmented vyield =

F = Reuse factor for 2

expresgsed as a de

An expression for the amour

DIX IT

ethod of evaluating the net diversion
f imported water were used conjunctively
sewage effluent were returned to the
situation, water imported into Lemmon
ground watexr, pumped at the maximum
ride the water supply for the area.
the entire area, Part of the total
sewage-treatment plant, be treated,
=r system. The remaining part of the
side of houses, primarily to irrigate
trate to recharge the ground-water
water would augment the perennial
ithdrawn from the valley-fill reservoir
srymitted by the augmented yield and

A

=l g

lug pumped water that is recirculated,
“imal fraction.

olus pumped water that is consumed,
~imal fraction.

smethe Truckee River syvstem: also

=-PY 4 RI

recirculation of R (see Appendix 1)

Qmax = Maximum possible sustained rate of ground=water pumpage
equals.
F(PY + RI); (see Appendix T)
S = part of imported plus pumped water that is exported,

imal fraction.

1t of exported water may be written

as that part of the imported water plus that part of the pumped
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ground water that is exported as effluent. This is written in terms 6
of the above symbols as follows: ‘
Eo= 8L+ 5Q 5

max

Substituting the egualities listed above gives:
T = ND = 81 4+ SFAPY + RI) {1

Equation 1 is the generalized expression which describes net diversion
from the Truckee River system under the conditions indicated. Dispo-
cition of withdrawn water is assumed to be the same as that given for
imported water at Stead Facility in table 16 in the main part of the
report. It is summarized as follows:

40 percent flows to the sewage-treatment plant lexported
in this case)

40 percent consumed
20 percent recirculated.

Under these conditions 8 = .4; C = .4; and R = .2; perennial yield 1is
1,300 acre-feet per vear; and F = 1.25 where R = .2 (appendix I).
Subetituting these values in eguation 1 gives:

I = ND = .4 + .4(1L.25) (1,300 + .2I).

This simplifies to:
650 + ND
«5
Equation 2 was used to compute inflow values listed in table 23
in the main part of the report for specified values of net loss to
the Truckee River system. Pumpage was computed as 1.25 (PY + J21) .
Water consumed was computed as PY 4 ND. Recycled water was computed
as .21 + .25[PY + .2I1. Return flow to the Truckee River system was
computed as I - ND. 1In the event that the disposition of water
changes, revised values would have to be substituted in equation 1 to
obtain reasonably accurate estimates.

I = (2)
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PLATE 1.-HYDROLOGIC MAP OF LEMMON VALLEY, NEVADA
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