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EVALUATION OF THE WATER RESOURCES OF LEMMON VALLEY WITH

EMPHASIS ON EFFECTS OF GROUND-WATER DEVELOPMENT TO 1971

By James R. Harrill

SUMMARY AND CONCLUSIONS

This study, made 15 ccoperation with Washoe County, City of Reno,
and Nevada Department of Conservation and Natural Resources, reeppraises
the water resources of Lemmon &alley, a small valley of about 93 square
miles some 8 miles north of Reno, Nevada. The water-resources reconnais-
sance (Rush and Giency,‘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 pumpage, imported
water; and water use; to describe the geologic framework as it controls
the hydrology; to 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 quanti- '’
tative estimates developed during this study. The principal conclusions .
regarding the ground-water system in Lemmon Valley are as follows:

1. Intense faulting and fracturing associated with the Walker Lane
fault zone have formed barriers to ground-water movement in the valley-
£111 reservoir and have created permeable zones in consolidated rocks

probably. .
which not only store water but also/transmit some water out of the valley.
Fault barriers identified in this study have necessitated division of the

for hydrologic studies
valley/into two major subareas, Silver Lake and East Lemmon, -and a further

1




Tahlé 1.-—Sumﬁary of hydrologic estimates

(Wétér estimates, in acre-feet per year, except as indicated)

Silver East Lemmon
i B e - Lake Lemmon = Valley
: ‘Item - subarea subarea (rounded)
~ Area (square miles) . « « « « « o R $3 - 40 93

Summary of natural conditions : e
PRECIPITATION o« < o« o o o v oo o's o .o o o 29,000 - 21,000 50,000

.V'RUNOFF e o o o‘q.c .".. f ..;.. e o ... . ! 2,200 : 1,200 3,400
- GROUND-WATER INFLOW : ' 3 Ees ‘
BECRATEE . o s o o s 5 0.0 86 o ol wt ;1,000 500 1,500
Possible subsurface inflow « « « ¢ ¢ & minor - minor
; ~ Underflow from Silver Lake subarea
Ca . to East Lemmon subarea . . . « « o o - minor —
'GROUND—WATER OUTFLOW Lk e iE
Evapotranspiration . . . « ¢« ¢ « ¢ . . 760 420 1,200
Probable subsurface outflow . . « « « - 200 200
~ “Underflow to East Lemmon subarea ) minor o e
VALUE SELECTED TO REPRESENT NATURAL :
: GROUND-WATER INFLOW AND OUTFLOW . . . « « 900 ) "500 1,400
¢ PERENNIAL YIELD + & o o v = o o o o o oo s 900 400 1,300

Summary of conditions as of 1971
IMPORTED WATER 5 :
Stead FAacility o o o o o o o o o o o » 500 400

: Baleigh Heights e e o o e o .;} e o o 5 e a 150 {.000
" 'GROUND-WATER INFLOW ' |
Natural recharge . « « « ¢ ¢ o o o o o 1,000 500 1,500
' Recharge from imported water . . . . . 100 b 250 350
of GBOUND—WATER OUTFLOW E :
Evapotranspiration . « « « o o « o o & 810 580 1,400
Probable subsurface outflow .« . . . « -— 220 220
Annual pumpage (1971) ' :
Withdrawn « « ¢ « o o ¢ o ¢ o o o 320 600 920
Consumed . . o o o o e o o e s e 200 190 390
_"Net increase in ground-water storage, . p '
Sy patural to 1971 conditions (acre-feet). . 2,200 3,000 5,200
AUGMENTED YIELD . s o o s o o7a o-0%s o o 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.

- &




division of East Lemmon subarea into a Central area, Black Springs area,
and Golden Vélley. Additional subdivision ﬁay be required if development
demonstrates the existence of additional fault barriers. Ground-water flow
within compartments formed by.bartiers.is complex and well yields are
adversely affected. The barriers also complicate any plans for the orderly
developﬁent and ;anagement 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 subareas are about 900 and

400 acre-feet, respectively.

3. Water has been imported to Lemmon Valley for use at Stead Facility

(formerly Stead Air Force Base)

X 1944. Since 1966, water has also been imported to Raleigh Heights. During

1971 about 900 acre-feet of imported water was used by about 2,700 persons
living at Stead Facility, including industrial use. About 150 acre-feet
was used by about 700 persons living in that part of Raleigh Heights within
the study area; however, about 60 acre-feet of this water was returned to
the Truckee Meadows as sewage. Over the 27-year period 1944-71 about
15,000 acre-feet of water has been imported for use at Stead. Because part
of this water becomes secondary recharge, ground water in storage has
increased by about 5,000 acre-feet. Consequently, as of 1971‘evapotran-
spiration had increased to about 1,400 acre-feet. The augmented yield
(perennial yield plus secondary recharge from imported water) was about
1,000 acre-feet per year in Silver Lake subarea and about 600 acre-feet
per year in East Lemmon subarea.

4. As of September 1971, the State Engineer had issued permits to
pump about 15,500 acre-feet per year in Lemmon Valley. If all permits to

pump water were exercised, a significant valley-wide overdraft would

—



develop. Annual pumpage in 1971 was only about 900 acre-feet withdrawn
with anly 400 acre-feet consumed. Water not consumed, about 500 acre-feet,
was returned to the ground-water reservoir slightly degraded in quality.
No overdraft on the ground-water reservoir had occurred as of 1971, but
significant declines had occurred in localized areas. |

5. 1If pumping is not strategically distributed with respect to the
supply, local overdrafg may develop even though no valley-wide overdraftl
exists. Oﬁtimum areal distribution of pumping is difficult to predict,

inferred
because oﬁﬁfault barriers and resulting compartmentation of the valley-fill
reseérvoir. However, chances of local overdraft in Silver Lake subarea
would be reduced if net pumpage south of Silver Lake were about 300 acre-
feet per year or less and net puﬁpage north of Silver Lake were about
700 acre-feet per year or less. In East Lemmon subarea, chances of local
overdraft would be reduced 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 year or less in Golden Valley.
these estimates should be refined as more data concerning cause and effect
relationships are developed.

6. In 1971 the chemical quality of ground water, as indicated by
available samples, generally was acceptable for most uses. Exceptions to
this are accumulations of naturally salty water beneath the playas in
both subareas and some wells affected by local conditions. Because salty
water in the fine-grained deposits beneath the playas probably will drain
slovwly in response to pumping, no short-term problem is expected from this

source, particularly in deep wells.




7. Future plans for gr;und—water déveloément will be affected
principally by the quantity of water available on an annual basis (augmented
yleld), water~quality changes caused by tecycliﬁg of ground water, hydraulic
batrietéjggused by faults in the valley-fill reservoir, and areal distri—
bution of pumping. |

8. An averagerf 400 to 500 acre-feet ﬁer year of streamflow reaches
Silver Lake where it is lost by evaporation. Off-channel spreading of the
streamflow.in the area between U.S. 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, Several possible plans are suggested for importation of water
from the Truckee River basin to augment the local supply, including a
planned return flow. For example, with careful water management and

' - per year

treatment, an importation of 3,100 acre-feet/plus local ground-water supply
and reuse, would supply a population of more than 20,000. 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 cahse éﬁd effect relations described in this report are first
approximations based on data available as of 1971. To make future refine-
ments in cause and effect relations, reasonably detailed records of pumpage,
periodic measurements in selected observation vells (preferably in the
spring before large-scale pumping begins), and periodic samples of pumped
water to monitor the quality would provide much of the needed information.
Extensive drilling and teéting might be required to evaluate conditions
in areas of compartmented valley fill;vand to evaluate more accurately the

‘areas and amounts of subsurface outflow.

5




.. INTRODUCTION °

- - Purpose and Scope

S A

b i?E ;Vfthis is'the‘second report‘on the hydrology of the Lemmon Valley area

uprepared by the U. S. Geological Survey, it was prepared in cooperation

'Tﬂ with the City of Reno, Washoe County, and Nevada Department of Conservation

iand Natural Resources. The first report (Rush and Glancy, 1967), was a

reconnaissance of ll valleys 1n western Nevada. ' It included preliminary

' jestimates of the water supply of Lemmon Valley.

-

The need for this study arose from concern that residential and

’i”'industriel development might result in an overdraft on the ground-vater

”ﬂsupply of Lemmon Valley. Estimates in the earlier study gave a wide range

. in the amount of water available (between 1 200 and 2,100 acre-feet per

.'year) which does not provide specific enough information to meet present
'and future planning needs., Also, the reconnaissance study posed questions
concerning the ground-water flow system and water quality which could not
be resolved during the brief initial study.

’ Therefore, the principal objectives of this study are: (1) to
reappraise natural recharge to, discharge from, and perennial yield of the
4ground~water system’ (2) to describe the geologic framework as it controls
the hydrologic system; (3) to describe the flow system and evaluate possible
- - areas of interbasin flow; (4) to inventory development as of 1971 and to
:appraise effects of pumping and importing water on the hydrologic system'
".and (5) to appraise the chemical quality of the water to better define
: fgreas of poor vater'quality.snd_provide a basis for comparison in the

future. -

~ . P N B
~ ’ . K , e . . ~




Field work began in July 1971 and was completed in December 1971,
and fincluded: canvassing and measuring selected wells, collecting water
samples, mapping areas of phreatophytes, making one pumping test, field
checking data from published geologic maps, and drilling 27 small-diameter
observation wells where additional data were needed. Surface-water runoff
was estimated from discharge and channel-geometry measurements made at

selected sites.

The estimates developed in this study are subject to some errors

that are inherent in applying point data to large areas and in the simpli-

fying assumptions made in order to evaluate natural conditions. Eétimates
. : derived for a compléte hydrologic basin generally are considered to have

| errors of less than about 25 percent. However, additional specific data
would be required to apbly these generalized estimates to a part of a basin

without risking increased error.

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

" .1s about 93 square miles. Rush (1968) divided the valley into two parts,
an eastern part and a western part. These subdivisions are used iﬂ 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 square miles, and
is referred to as the East Lemmon: subarea. It is further subdivided into
Golden Valley (4 Square miles), Black Springs area (11 square miles), and
the Central area (25 square miles), as shown in figute 1. Altitudes range
Q from about 4,915 feet on a small playa near the center of the subarea to

. 73 8,266 feet on Peavine Mountain.. Mountains along the east botdet

generally have altitudes of less than 6,000 feet.
7
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The western part of the valley covers about 53 square miles, and is
referred to as the Silver Lake subafea. Silver Lake is an intermittent
playa in the southern part of the subarea. Altitudes range from about
4,955 feet on Silver Lake to 8,266 feet on Peavine MMountain.
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%. . | DEVELOPMENT
O

Lemmon Valley is currently undergoing a period of rapid growth for

residential and industrial purposes. This is 1atée1y because of its
, -éroximicy_to the City of Reno. |
‘n Prior to the 1940's the area was sparsely inhabited. Population was
limited to severél small farms in the valley and some houses along the -
Western Pacific kailroad. Industry consisted of mining and some cattle
>ranéhing. In the early 1940's, Stead Army Air Base was established. The
initial water supply for the base was from wells 21/19-30ddda and
21/19-31ccccl (pl. 1) and a ﬁine shaft on Peavine Mountain. Water from
well 21/19-31ccccl and the mine shaft was of poor quality. Water from
well 21/19-30ddda was Qf good quality, but the yield of the well was small.
To obtain a depend;ble supply, water was imported from the Truckee
('} River. The initial pipeline was installed in 1944 and served the needs .
Ai 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 lo;al interests.
Currently, thé City of Reno operates the airport and sewer facilities;
about 650 houses are rented by commercial interests (Oasis ﬁ;mes and Stead
Park). The Stead Facility of the University of Nevada and several
industries occupy most of the former milifary b;se, and WashoeACounty has
expanded the 9-hole gélf course to an 18-hole public course.
Population (excluding Stead Air Base) increased from about 75 in 1946
’ photographs

to about 550 in 1956 (both estimates from aerial l ); and about 2,000

~1n 1966 (Rush and Glancy. 1967, p. 39). Using an estimated population

for the Stead Facility of about 2,500, the estimated total population of

( ' ’the'valley<tn!1966 was dbout,&,SOO. Rapid growth has occurred since 1966,

10
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and in 1971 estimated total population was about 7,000. ‘Tﬁis 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 remaining
3,600 persons obtain water from ground¥water supplies developed within the
area. About 900 obtain wéter 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 additional lénd had been subdivided for

future development, and the State Engineer had granted permits to pump about

15,500 acre-feet per year., Permits had also been granted to pump about

600 acre-feet of ground water from adjacent Cold Spring Valley for use

‘in Lemmon Valley.

11




HYDROLOGIC ENVIRONMENT

Physiographic Features

Landforms in Lemmon Valley are typical of those in the Great Basin.
The valley is a structural depression partially filled by unconsolidated
and semiéonsolidafed lacustrine and subareal deposits. Physiographically
the valley may be divided into three parts: mountains, alluvial aprons,
and playas.
. The mountains bordering Lemmon Valley consist of complexly faulted
grénitic, volcanic, and metavolcanic rocks. Their gross size, shape, and
relief were controlled by faulting associated with large-scale regional
deformation. Erosion and smaller structural features largely account for
the present éopography. The mountains are areas of active erosion and
are the major 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. Slopes on the apron range from
about 800 feet per mile on the north flank of Peavine Mountain 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, In some areas, such as
parts of the north slope of Peavine Mountain, ailuvial deposits have been
uplifted 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.

12
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Playas occupy nearly horizontal areas near the centers of the two
subareas. Each subarea is topographically closed and contains one or msre |
playas, as shown on plate 1. Silver.Lake subarea has one large playa,
Siiver Lake (area 430 acres) and three smaller playas (combined area about
70 acres). East Lemmon subarea contains one large playa (area about
800 acres). Playa altitudes in the Silver Lake subarea are 40 to 50 feet
higher'ﬁhan the East Lemmon playa. This difference has hydrologic impli-
cations which are discussed in a later section of this report.

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

Lithologic Units

For the purposes of this report, 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
£i11, are highly porous and commonly transmit water readily; and (2)
consolidated rocks, which compose the mountains and underlie the valley

£111, commonly have low porosity and permeability, and except where highly

fractured, do not readily transmit 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.

13
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Fable 2.—Principal lithologic units

S P

ated sedimentary
deposits.

. R Estimated
B Ouit thickness
) e designation (feet) Lithology Occurrence - |General hydrologic properties
o Unconsolidated allu- [Pccur as alluvial-fan |Permeability ranges from low
vial and colluvial eposits around margins |to high. Zones of high per-
- § deposits of inter- f the valley and lake-~ |{meability generally are sand
.29 Yo ér ) : bedded sand, gravel, ed and playa deposits and gravel deposits.
- 33 .11“331@ 0=3002 silt, and clay. n central part of the
. L] . Materials generally alley.
- | 27 moderately to well
a ] ™ sorted and form
< -t lenticular bodies. .
:: Alluvial and colluvial Occur along margins of |Permeability ranges from low
2 e deposits of gravel, the valley primarily as |to high. Low permeabilities
P9 ® sand, silt, and clay. 1lluvial-fan deposits generally associated with
< o |™ Partially consolidated jand underlies younger semiconsolidated deposits or
> - S (cemented) locally and [alluvium. In many areas |[deposits high in silt and
P= g |° Older 0-1200+ at depth, Deposits at [these deposits have been [clay. Faults may form bar-
e |*] 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
- slightly higher pro- rally been dissected by|[near the centers of the
portion of sand and treams, valleys form the most pro-
gravel than overlying ductive known aquifers in
deposits. the valley.
Flows of andesite, Occur as small outcrop [Commonly have little or no
basalt, and rhyolite, t south end of Freds interstitial porosity, except
flow breccia, mud- Fountain and around mar-|where highly vesicular. May
> flows, and associated [gins of Golden Valley. transmit some water through
ol sedimentary rocks. Large outcrops are pres—-|joints and zones between
< Include rocks from ent along east border of |flows.
)] Volcanic - the Pyramid sequence, [study area adjacent to
= ® rocks Hartford Hill Rhyolite Hungry Valley. Locally
ot % tuff, Alta Formation, junderlie valley fill.
L 9 and an unnamed
] ° sequence of basalt and
o) sedimentary rocks as
mapped by Bonham
d (1967).
@ - - - - ———
i l0ccur as faulted blocks{Virtually no interstitial
. o which form the mountainsporosity and permeability;
o north of Peavine Moun- |normally transmits small
] - tain, Have undergone quantities of water through
§ ~!  Granitic _ Principally granodi- iseveral sequences of fractures and weathered zones.
2 ° rocks orite ideformation and in locallIf highly fractured may be
a ® lareas are highly faultedcapable of transmitting
= € land fractured. Locally |moderate quantities of water.
° underlie valley fill.
— v
Regionally and ther- {Occur on Peavine Moun- [Low interstitial porosity
mally metamorphosed tain and as small out- {and permeability. May trans-
g E Hetav:;:nnic volcanic flows, lcrops along the west mit some water through
2 av metased Lmentary breccia, and pyro- side of the valley. fracturcs.
- < g : ks clastic and associ- Locally underlie valley
& 3 roc fil1l.
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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
pgriod 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 topograpﬁic 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 conditions: (1) development of
bedrock permeability by formation of highly fractured zones adjacent to
faults, and (2) the fermation of barriers to ground-water movement,
probably resulting from poorly sorted material and cementation along fault
surfaces in the valley fill. |

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 De#ert. This same zone then extends northwestward into
California. Long, large-scale faults associated with this s;ructura; zone
may provide continuity‘to‘zones of fractured bedrock which would not be .
present in other areas. Maps by Rush and Glancy (1967, pl. 1) and Bonham .

(1969, pl. 1) show the extent of these features in areas adjacent to
Lemmon Valley. '
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,‘ll') ‘_
-vb (:)A _ : ' The faults shown on plate 1 are those mapped By Bonham (1969), Rush
Vﬂj-andlélancy (1967), and 5 few additional ones mapped during the course of
- ~this study. These repreéent only the ﬁést readily discernable faults.
Examination of are;l photoéraphs and brief field observation suggest that
other fadlts exist; ﬁowever, it was beyond the scope of this study to
;ipréperly map'them. o |
| The si* faults that ﬁqst Aiscefnably effect ground-water flow have

been named or lettered so that they could be more easily referred to in

later sections of this report. The name and thjbgtters are shown in

fighrg 2.
‘ Climate
. ' Climate in Lemmon Valley is similar to that of other valleys in

vesterﬁ‘ﬁevada at comparable altitudes. Precipitation is controlled
:largely by topography. -Air masses‘that move eastward over thé Staté
_ are generally deficient in moistﬁre, and areas at low altitudes coﬁmonly
recelve less moisture than areas ét higher #ltitudes. Winter precipitation
-generally falls as snéw from regional storms, whereas summer preéipitation
.is localized as thunderstorms of short duration and commonly of high
intensity.

: RecordéAfrom oﬁe precipitation statioh in the valley and two nearby
statidns are listed in table 3. Average ;nnual pfecipitation 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
Hount;in. Much of the preciéitatioq at the south end of the valley falls
on the north slope of Peavine Mountain where potentiallevapotranspiration

i8 less than where thé mountain slopes have a southerly exposure.
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Table 3.--Average monthly and annual 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 3.91 0.71 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 1.18 .34 .31 .28 31 .47 .64 1.07 a8.42

1. Information on station locations given below

Altitude Station location Period of record Remarks

4,404 T.19 N., R.20 E., sec.18 34 years, About 10 miles south of
1937-70 study area.

4,198 T.28 N., R.20 E., sec.31 54 years, About 40 miles north of
1913-62, study area.
1967-70

5,046 T.21 K., R.19 E., sec.29 13 years, Near center of study
1952-66 area, See figure 1.

a Computer printout of Stead AFB data showed average January precipitation
of 3.98 inches and an average annual precipitation of 11.1 inches. Values
shown in above table adjusted on basis of monthly distribution of
precipitation at eight surrounding stations (Reno, fand Pass, Doyle,

Vinton, Portola, Sierraville RS, Doyle 5SSE, and Loyalton).

18




. |
T () - Rush and Glancy (1967, p. 7) sumnarized 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
32°F frosts is usﬁally about 100 to 130 days and the period between 28°F
frosts is usﬁally from about 130 to 170 days.

Precipitation records for nearby stations indicatedithat 1969 and
1970 were years 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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GROUND-WATER RESERVOIRS
Two ground-water reservoirs are recognized in the study area: (1)
fractured consolidated rocks in the uplands adjacent to and at depth
beneath valley £ill, and (2) valley £i11, which forms the principal

water-bearing units.

Fractured Consolidated Rocks

Consolidated rocks of thz types shown in figure 2 and described in
table 2 are generally not capable of transmitting appreciable quantities
of water, except where secondary petmeability has developed as the result
of structural deformatiqn.' Because of the high degrée of structural
deformation, bedrock in localized areas is capable of storing and trans-
mitting enough water to be significant. For example, fractured granitic
rocks in Golden Valley generally yield sufficienc water to wells for
domestic purposes. Also, public-supply well 20/19-4ddzc, just downgradient
from where Golden Valley drains to the Central Area, was drilled to a
depth of 296 feet in bedrock-and reportedly produces 440 gallons a minute
from "hard rock with fractures." Fractured bedrock alsc appears to be
transmitting water along a zone {mmediately east of the Airport Fault (pl. 1).
This is inferred from water levelsrin nearby alluvium and is discussed
further in a later part of this repott;

Table 4 lists estimated transmiésivities ard average permeabilities
for selected wells drilled in consolidated rocks.

Generall&, the permeability of fractured consolidated rocks is not
high, and the chance of developing a higthieid well in them is sma11.
Cohéequwnfly; froctured bedrock is generally less favoratle for ground-
water develcpment than the vailey-fill reservoir. However, zones of
frac-ured bedfock associated with major faults may transmit intervalley

ground-water flow.
20




D L e atde: s AL

[Based on data 1n drillers

lowe)

: > commonly produced from smaller interval of fractured rock.
-3, State log number 6922, not shown on plate 1 or listed in table 24.
" 4, -~ State log number 11726, not shown on plate 1.

5.: State log number 11735, not shown on plate 1. RN - ?:_.‘;ﬂ_

et T S I it herage
LS Zstimated ';Openf{ntervdlll : permeability
i< ATLL- 4 transmis— ; - — - . for open
AN 'Depth sivity Thick- Type of interval2/
(feet) ~(gpd/ft) From To  ness rock (gpglftz)
160 . 7,500 110 160 50 - Granite 150
‘ v-10dabd1 150 . 1,000 j;'f 90 150 60 . Gramite 17
_'1,ooo i 54 1oo 46 Fractured_“ 2273
S S Hahyolite T L~ LY A
68 135 ~67; Fractured 42 -
, i rhyolitef “A, =
64 155,‘,391' FracturedA 127
e R RS e TN e Sn 5 Thyolee” S
‘<f{;,¢ “=lSbeca © 216 .70 240 . 116 216" 100 _Grariite . .2 '
: 1. Either perforated casing or uncased hole in bedrock.
5Ty 2.A Average permeability for entire thickness of open interval. Water

“TVern swars-

S ~+/
\]‘se\\x@‘fr
QQ;STQ( K




Valley-Fill Reservoir

The valley-fill reservoir is composed of younger and older alluvium
that partly fills the structural depression underlying Lemmon Valley.
These deposits contain the most productive aquifers in the area and are
considered the more feasible source for large-scale development of ground-
water supplies. Consequently, elements of the hydrologic system are

discussed in terms of their relation to the valley-fill reservoir.

Extent and Boundaries
The valley-fill reservoir occupies the central parts of both Silver
. Lake and East Lemmon subareas. It has a surface area of about 50 square

miles. Consolidated-rock surfaces of adjacent uplands and their subsurface

, extensions form lateral and bottom boundaries of the reservoir.
The.configuration of the bottom surface cannot be determined from
existing data. Figure 3 shows the approximate areal extent of the valley-
fiil reservoir and selected depths to consolidated rocks as reported in
drillers' logs. Because the valley-fill reservoir, as defined for this

report, does not include areas of thin or unsaturated alluvial deposits,

the area of the valley-fill reservoir is slightly less than the area of
valley-fill shown on plate 1. Several generalizations may be made from the
| data shown in figure 3. Thickness of fill in the Silver Lake subarea is
generally greater than that in the East Lemmon subarea. Haximum thickness
in the Silver Lake subarea is not known but probably is greater than
1,000 feet. Bonham (1969, p. 53) states that the northwest-trending fault
that bounds the steep northeast face of Peavine Mountain has over 2,000
feet of dip-slip displacemeﬁ;. Maximum thickness of fill probably does
( not exceed this amount. Comparatively thin accumulations of fill are
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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 prébable.
However, considerable variation in thickness may occur due to structural
relief caused by the faults shown on plate 1. In the Cenﬁral Area, depth
to bedrock ranges from less than 100 feet along the southeast side of the

valley to more than 600 feet near the Airport Fault.

Transmissivity and Storage Coefficients
The transmissivity and storage coefficient express certain water-
bearing properties of the valley fill. Transmissivity is a measure of
the ability of an aquifer or reservoir to transmit water. It is dependent
on the permeability and the thickness of the aquifer. The coefficient of
storage is a measure of the amount of water that will be released from

storage, within a unit area, as water levels are lowered. These coefficents

- may be used for computing drawdowns and storage changes caused by pumping,

or in the determination of subsurface flow.

Transmissivity may be estimated from specific capacities of wells,
which are usually expressed as yield in gallons per minute per foot of
drawdown. Propefly designed wells in deposits with’high transmissivities

tapping depousits
have higher specific capacities than wells/with low transmissivities.

Transmissivities were determined from one pumping test made during -
this study and from reported specific capacities and pumping-test data for

nine other wells. Tliese estimates are shown in figﬁte 4, and represent the

ability of thick sections of valley fill to transmit water laterally.

Insufficient data are available to delineate zones of different transmis-

sivity. Point values shown range from less than 10,000 gpd (gallons per
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day) per foot of aquifer near Peavine Mountain to nearly 100,000 gpd per

foot near the center of the Silver Lake subarea. Because estimates of

transmissivity made from specific capacities are sometimes low, maximum
transmissivity may exceed 100,000 gpd per'foot. As previously mentioned,
transmissivity is the prodﬁct éf the average permeability and thickness.

.- Table 5 lists estimztes of the avérage 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 square foot; however, because specific capacities
locally may be affected by barriers, the lower values probably are corres-
pondingly small.

A storage coefficiéntvof 0.0003 Qas comp;ted from the short-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 ko 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 ratiov
of (1) the volume of water which, after being saturated, the deposit‘will

yield by gravity to (2) its own volume, usually expressed 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
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five general lithologic categories listed in table 6. Specificéyield
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.S. Geological Survey while drilling 27 small—diametet test holes

ih undeveloped parts of the valley were used to supplement information

from drillers’ logs.

. Figure 5 shows the estimated distributlon of specific yield in Lemmon

'Valley. Areas of lowest specific yield are associated with playa deposits

in the Silver Lake and East Lemmon subareas. Weighted average specific

~ yield of the valley fill is about 16 percent in the Silver lake subarea

and about 14 percent in the East Lemmon subarea.

,Soorce, Occurrence, and Movement of Ground Water
Virtually all ground water in the valley, except that recharged from
imported water, is derived from infiltration of precipitation that falls

within the drainage basin. Most deep infiltration is from runoff and

- occurs on the upper slopes of the alluvial apron; however, some deep

infiltration also occurs in the mountains where percolating water moves

through bedrock fractures to the zone of saturation, 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 f£ill where it

occupies intersticies present in the granular clastic deposits and chemical

{ ptecipitatesi It occurs under both water-table and -artesian conditions,

No ¢ Attesian.conditions occur where saturated permeable deposits are over-
lain by less permeable strata and where the water at the top offthe'aquifer ‘

¢+ 28




- Table 6.F—Spec1fic-yie1ds of materials described in drillers' logs

N C Assigned

Lithologic category ' - specific-yield valugl/
" (based on drillers' description) {percent)
Sand, fine, medium, and coarse B o 30
. CGravel; sand and gravel " I R ;', 25
Sand, gfavel. and clay; gravel and claygA ,
cemented gravel o D &
Sand and clay; sandy clay, silt, mud, muck 10
Clay | . A o v ' 5+

1. Assigned specific-yield values baséd on Morris ana Johnson (1966).
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is greater than atmospheric pressure. Water—table conditions exist where
the saturated deposits are not coﬁfined by poorly permeable strat; and
pressure

where the water/at the top of the zone of saturation, the water table, is
equal to atmospheric pressure. Figure 6 shows approximate depths to watér
in the fall of 1971. A

R 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 contains éeveral
springs and seepage areas and some flowing wells. Artesian conditions
also occur at depth in the valley fill where lenticular 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 gfadient and the permeabilify and porosit& of
the material through which the water is moving. Typical rates probably
range frqm a few feet to several hundred feet per year.

The lateral movement of ground water in the valley fill generally is
parallel to the slope of the water surface. A downward ;omponent 6f mové-
ment occurs in areas of recharge and an ubward component occurs in areas
of pumping and evapotranspiration. The slope of the water surface is
shown in figure 7 which shows contours of approximate springiime 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
;econstructed 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 '
leiels in older wells (table 24 at end of report), and some present-daj
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.
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': Fault. _:

-:subareas.

bedrock as it moves out of Golden Valley.. B I N

k éenerally water moves from}areas of recharge to areas of discharge
in the central part of the valley. This pattern of flow is complicated‘
by fault barriers (fig 6) The principal 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 Airport

‘ A northeastward hydraulic gradient across faults A B, C, D, and E -

3

‘<;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 topographically 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

Water-levelvcontours in Golden Valley‘indicate that water moves from

~ the low bordering mountains toward the center of the valley and then north—

westward 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




() : - Ground water in the‘Central Aréa flows northwgstward beneath areas
of evapbtrapspiration in the center of the valley. Water not consumed byvv
- evapotranspiration flows to a linear ground-water sink immediately east'.
of the Airport Fault. Ground-water levels along the linear sink are the
lovest iﬁ Lemmon Valley. The area of lowest observed water levels is
remote from pumping and the water-level configuration could not be explained
by the distribution of phreatophytes. Therefore, it is céncluded th;t
ground water probably 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.
Ground-water levéls west of the Airport Fault are much higher than
water levels east of ﬁhe fault. Thus, the fault is believed to act as a barfier
movemént in the valley fill; hqwever, fractured consolidated rocks adjacent
( to the fault may act as a.gréund—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 fiéure 7 are indications of fhe vertical mo;ement of
‘ground ﬁater. Three séts of paired wells (two adjacent wells of different
depths) were drilled to obtain information on vertical movement of water.
Wells 21/19-22bda%;1éni)2, and 21/19-26cccdl and 2, in phreatophyte areas
in the Central Arg:Z.exhibited différential heads which indicated upward
movement of water. Under natural conditions upward movement also occurred '
in Silver Lake subarea near wells 21/18-36addbl and 2.‘ This nétuial gradient
18 reversed during summer months as a result of pumping nearby wellé
21/19—31cccc2. The upward component of movement was noted'ih wells less’

‘than 150 feet deep. However, water levels in four deeper. wells in the
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Silver Lake subarea suggest downward leakage from the upper several hundredi
feet of valley fill to deeper valley-fill deposits. The U.S. Army Corps of
Engineers (1943, p. 9) ?eportéd that in 1942 the water level in a shallow
farm Qell, about 150 feet from well 21/19-31lccccl (total depth 1,170 feet

-and not perforated above 158 feet), was at an altitude about 12 feet

/ ffhigher than the water level in the deep well. Also, water levels in wells

21/19-18bada, 21/19-18cbdd, and 21/19-19bacc (all three wells &eeper than
800 feet and not perforate4 above 300 feet) are significantly lower than
water-level contours drawn using only nearby shallow wells. i

A northward gradient is present from well 21/19-18cbdd to weil 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

Wells are shown on pl. 1.

relative land-surface altitudes listed in table 24 at the end gf the report.)
Also, a northward gradient exists from well 21/18-24adac to wells 21/18-24aaﬁc
and 21/18-24aabd. Heré the absolute minimum difference in water-level
altitudes is about 10 feet which, even though not checked by instrumental
leveling, probably is significant. These observations could be explained
by poor hydraulic continuity between wells, diiferent perforated intervals,
or local affects of pumping. However, the explanation that best fits the
above-inferred downward movement of ground water and localized northward
hydraulic gradient is leakage into bedrock similar to that postulated adjaceyt
to the Airport Fault in East Lemmon subarea. In this case, however, there

18 insufficient information to evaluate the possibility.
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INFLOW TO THE VALLEY-FILL RESERVOIR

< ’ _.‘< ' Precipitation

Precipitation is the source of virtually all the water naturally
entering the hydrologic system in Lemmon Valley. of the precipitation
that falls on the basin, part is directly evaporated from vegetation or
the ground surface, part runs off as surface flow, part. infiltrates to

shallow depths where it replenishes soil moisture, and part eventually

infiltrates to the zone of saturation where it recharges the ground-water

system. The total everage annual'precipitation in Lemmon Valley is about

50,000 acre-feet (table 8, later in report).

- Surface Water

by D. 0. Moore

General Conditions

Runof £ in Lemmon Valley is generated by high intensity precipitation
or rapid snowmelt, and is more frequent and more intense on the mountain
blocks than on'the lowlands. Minor amounts.of surface-water flow‘frem
springs occur loeally in'stream channels on the nor:heastern flank'ot
Peavine Mountain. One of the largest springs, in the east half of sec. 20,
T. 20 N., R. 19 E. (pi. 1D, han a flow of 0.3 cfs (cubic feet per second)
-1n August 1971. . : ’ e

Occasional flow may occur locally on alluvial fans and playa areas.
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 1nf11trates or is lost by evapo-

"transpiration as it moves downstream. During periods of exceptionally

high intensity rainfall or during periods of rapid snowmelt, part of the

"~ flow reaches the lowlands.
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. . ; : e : .‘Rnno»ff increases downstream within the mountain blocks and then
5,2,’7;5rf-aeereases as it crosses valley £111 after leaving the mountains.
* L .‘: ‘ - : '_ L ) Estimated Runoff »
| | | { Runoff has not been recorded by gaging stations in Lemmon Valley;
however, the characteristics of runoff are similar to the infrequent and
'j~~lhort—duration flow at a nearby gaging station, Peavine Creek near Reno,
Nev. Flows at this station are summarized in table 7. The relation
between flow volume and flow duration is variable.. The short-term record
‘suggests that most runoff occurs during the winter months. |
k The amount of runoff from the mountains cannot be computed directly
Hfh;li:,because of the absence of streamflow data. Therefore, methods described
: - by Moore (1968) were used to estimate runoff and are based on use of
:;t;‘altitude-runoff relations, which are adjusted for local differences in
geology, precipitation, vegetation, and land slopes. These estimates in
rturn are corroborated by use of a channel geometry-runoff relation.
Estimates at several sites within Lemmon Valley were made by using channel-
'geometry measurements. |
" Bstimated mean annual runoff in Lemmon Valley totals about 3, 600
acre-feet per year. Of this total, about 2,200 acre-feet is generated in ’
'the Silver Lake subarea and about 1,200 acre—feet is generated in the Eaat
Lqmnon subarea.- Areas contributing to runoff, its general distribution,

" and the estimated average annual runoff are shown in figure 8. Peavine
Mbuntain, the highest and wettest part of the area, generates the largest
‘amount of_runoff per unit area of any runoff-producing area in the valley.
About three-fourths of all the runoff in the East Lemmon subarea is generated

on Peavine Mountain. In the Silver Lake subarea, however, only about 60

percent of the total runoff is generated on Peavine Mountains. The remainder

is from large areas of lower unit-runoff production at the north end of the

subarea, as shown in figure 8. 38
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Playa Flooding

During periods of high winter and spring runoff in most yeats; Silver

Lake’playa 1s floo&ed by surface-water flow. This probably is due more to

proximity to Peavine Mountain and the steep gradients on the fan than to
excessively large runoff. - Average annual surface-weter runoff to Silver

Lake playa 1is estimated to be 400 to 500 acre-feet per year on the basis.

. of geometry measurements of channels which drain onto the playa. The

other playas are flooded veryvinfrequently, and the average quantity of

'streamflow reaching them is considered to be small,

Ground-Water Recharge

In this valley, as in many other valleys in the State, much of the

ground-water recharge occurs on the alluvial apron and is derived principally

from runoff generated in the adjacent mountains. Reeharge also occurs in
the mountains and moves as underflow across the bedrock-alluvial centact
to the valley-fill'reservoir. During wet years, additional recharge may
be generated on the alluvial apron from high-intensity precipitation or
snowmelt.

Average annual recharge may be estimated as a percentage of the average V//
e e ____,*MM e a— [

annual precipitation within the basin (Eakin and others, 1951, p. 79-81)

Hardman (1965) demonstrated that in gross aspect, the average annual precip-

4tation in Nevada is related closely to the altitude of the land surface
‘and that it can be estimated with a reasonable degree of accuracy by

assigning precipitation rates to altitude zones. Thus, recharge may be

estimated as a percentage of the precipitation within each zone.

41
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’ V’A( i' o (f Estimates of recharge for Lemmon Valley are summarized in table 8.
No 1 ‘ Ihe various precipitation zones were approximated from a. 1965

revision of the Nevada precipitation map (Hardman, 1936) and are similar =

to those used by Rush and Glancy (1967) in their reconnaissance study of

N .n.the area. Total estimated recharge from precipitation within the basin is

'rbabout 1 , 500 acre-feet per year, or only about’ 3 percent of the total pre-"V//fi

o .

' cipitation. This includes about 1, 000 acre-feet per year in the Silver o
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 somewhat4

high because during wet years some streamflow is rejected as recharge and

._flows onto Silver Lake playa, as previously described However, the amount

. rejected is .i‘ - small and probably within the limits of error inherent
' in the crude method of estimating recharge. S
This estimate of recharge for Lemmon Valley is about 20 percent less
T than that made by Rush and Glancy (1967). Different interpretations of
the precipitation and recharée patterns can be expected tobprovide‘correse ’

- pondingly different estimates of recharge.

- [P re e o T .A.:r.’.r e . ———— o0

. The estimated average annual 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 per year. This ratio between L

recharge and runoff is in good agreement with results obtained from other_»

areas in the State.

. Subsurface Inflow

Ai In order for intervalley flow to occur, two basic conditions must be
. B met: (l) a hydraulic gradient must exist between the two areas, and (2) 5
‘ EE ,recks separating the areas must be able to transmit water.; Potentiai '< " o '
| lrhydraulic gradients to Lemmon Valley from two adjacent-valleys, Antelope.:. |
. a2 . o .
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‘Valley and Cold Spring Valley, are recognized on the basis of altitudes on

1 iU «Se. Geological Survey topographic quadrangle maps and water-level data
'~1»:reported by Rush and Glancy (1967). Because of the high degree of structural
'TdefOtmation and resultant fracturing, consolidated rocks between both valleys

':‘and Lemmon Valley probably are able to transmit some water. .

: in the valley fill
Water levels/beneath the central part of Antelope Valley are about 200

. " feet nigher than water levels in the East Lemmon subarea. However, Rush
i'and Glancy (1967, p. 42) indicated that potential gradients from Antelope

’ tValleyalso exist toward Bedell Flat and Warm Springs Valley to the north

and northeast. They also reported that there was no observed evapotran-

~l-spiration of ground water in the valley; thus, all discharge must be by sub-

'surface outflow. 'If the conclusion regarding subsurface outflow from Lemmon
"~ Valley is valid, then subsurface outflow from Antelope Valley probably does
-_‘not drain to Lemmon Valley. N

Water levels beneath the playa in Cold Spring Valley are about 60 feet

' *’higher than ground—water levels beneath Silver Lake. Figure 2 shows several
"fanlts in the bedrock between the two valleys. One has a northwest orien-
‘tation and terminates at the edge of‘the alluvium in the southwest corner
"{ 6fAsec. 36, T. 21 N;, ﬁ. 18 E., adjacent to a small spring and several

l fldwing wells (pl. 1). Rush and Glancy (1967, p: 43) estimated that natural
\'Vgroundéwater recharge to Cold Spring Valley exceeded the observed evapotran-
~;nsp1ration by'about 770 acre-feet per year. Therefore, ground water is

- potentially available to supply outflow from the valley. However, discharge

from the spring and flowing wells adjaeent to the fault are small. Thus,

although some subsurface inflow from Cold Spring Valley is possible, the
(1f any) .

quantity/probably is small and is believed to have little affect on the

gfound-uater regimen of Lemmon Valley.
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NATURAL OUTFLOW L
Natural outflow from the valley-fill reservoir occurs by evapotran-

spiration in areas of shallow ground water and by subsurface outflow from

Lemmon Valley to other areas.

EVapottanspiration

Natural discharge of ground water occurs where the water leQel in the
valley £f111 is at shallow depth. Natural discharge is accomplished prin-
cipally 1# two ways: (1) by evapotranspiration in areas‘of phreatophytes;
and (2) by direct evaporation from bare soil or where the capillary fringe

extends to or near the land surface.

Plate 1 shows the distribution of phreatophytes in the summer of 1971.

- However, water has been imported to Lemmon Valley and used at the Stead

Facility since therearly 1940's, which has resulted in additional ground

water being available for evapotranspiration near Stead.A Consequently,
some areas of vegetation mapped during this study are more dense and contain
plants which use more ground water than the former natural assemblage.
These areas are indicated on plate 1. |

Estimates of the natural evapotranspiration of ground water are>given
in table 9. Where the vegetation has been affected by imported water,
composition of the natural plant assemblage was estimated on the basis of

adjacent areas not effected thereby and on water-level contours for natural

LY

conditions shown in figure 7. Estimates of evapotranspiration are based on

rates of consumption of ground water as described by Lee (1912), White (1932),
Houéton (1950), and Robinson (1965). Estimated total evapotranspiration is

about the same as estimated by Rush and Glancy (1967).
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Silver Lake S}aya_];/ - 0-5 430" a 0.5 220
Other playas< - 5-10 170V o & 17
Greasewood and rabbitbrush medium 10-35 870" 2 170
- to low 7 : :
Greasewood and rabbitbrush2/medium 5-15 230 o5 120
Grass and spring-supported :
vegetation
near Silver Lake playa - 0-5 130 1.2 160
south of Highway 395 - 0-5 60 1.2 72
Subtotal (rounded) 1,900 760
_ East Lemmon Subarea
" Playa?/ - 15-35 860  trace  small |
Greasewood and rabbitbrush2/medium 10-40 2,000‘/ .2 400
.to low Ty ‘
Channel-bottom vegetationl/
grass, willows, medium 0-15 40 5 20
rabbitbrush to high —
Subtotal (rounded) 2,900 420
Total (rounded) 4,800 1,200

- 2. Assemblage contains localized areas where natural evapotranspiration

Table 9 .——Estimated evapotranspiration of ground water

(natural conditions)

Depth to Evapotranspiration
water Area (acre-feet (acre-
Assemblage or type surface Density (feet) (acres) per year) feet)

Silver Lake Subarea

1. Covered by water during part of some years.

has been effected by imported water, and evapotranspiration rates in
1971 are significantly higher than the estimated natural rates shown
. in this table.
a. Evaporation of ground water only
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An attempt to measure the rate of upward leakage beneath two selected

areas of phreatophytes by determining temperature gradients was made by
Michael Sorey of the U.S. Geological Survey during July 1971. Small diameter

wells 21/19-22bbabl and 21/18-36addb1, each 150 feet deep, were drilled in

June 1971. Well 21/18-36addbl was drilled just north of Silver Lake in an

area of low,stabilized sand dunes covered by a vigorous stand of greasewood

and some sparse saltgrass; depth to water was about 11 feet. Well 21/19-22bbab1

was drilled north of the East Lemmon subarea playa in a healthy stand of
greasewood and rabbitbrush; depth to water was ébout 20 feet. Temperature
profiles measured in July were analyzed uSiﬁg a technique developed by Sorei
(1971). The vertical flow of watelt:lear well 21/18-36addbl had apparently
been effected by nearby well 21/19-31lcccc2, which vés being pumped to
irrigate the Washoe County golf course, and a slight downward movement of
water was indicated. A vertical upward flow of 0.85 acre-foot per acr;
per year was obtained from the data in well 21/19-22bbabl. The vigorous
and healthy stand of rabbitbrush and greasewood near the well suggésts
this rate is probably near the maximum for greasewood and rabbitbrush in
the East Lemmon subarea for growing-season conditi;ns. Conséquently, the
average rate shown in table 9 is significantly less.

Use of temperature gradients to estimate upward leakage to phreatophytes
is a promising technique. A practical‘application of the theory has been
developed by Sorey (1971); however, field techniques regarding well con-

struction, site selection, sampling densities, and other factors must be

improved before this method can be utilized with full confidence.
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Comparatively little is known about the rate at which ground water is

< evaporated from playa surfaces. An estimated average rate of 0.5 foot per

year is used for Silver Lake and 0.1 foot per year is used for other playa

;i '_;; ;: surfaces in the Silver Lake subarea. These are rates which have been used
;;5*?,; f,:inAthe study of similar areas of the State. Depth to water in the East
;f - }1i,lemmon subarea playa exceeded 15 feet under natural conditions, and ground-
3 sl o , - -
”75 f;ﬁ'i;;fuater evaporation is consideredito be small.

Tyt B 5 dubaurface Dutflow
: R 4 probable e
‘k"ﬁ'lif"ﬁfﬁ;. Ihe{subsurface outflow along the east side of the Airport Fault in
i?;" ;ff_ the Bast Lcmmon subarea under natural conditions can be estimated directly
;?7;,:Ef»’ from water—level contours shown in figure 7 and transmlssivity values
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shown in figure 4. A simple flow net was constructed, and flow toward the

@f;' Airport Fault was estimated using the formula'

S S e LA Y T TV

?ii_' ‘;’ Hhere Q is quantity of flow'in acre-feet per year; 0.00112 is a constant
?;;'4:jf7“>to‘convert gallons per day to acre-feet per year; T is estimated transmis-
;a=~!:j:fi:gtv1:y, in gallons per day per foot; I is hydraulic gradient, in feet per
%;z}?:}x:~iﬁile; and W is.width of flow section, in miles. A transmissivity of 5,000
R N :

é,; »f. : fgpd per foot was used for flow.fections (total width, 1.6 miles; average
gg:?({ ‘j;"gradient' 15 feet per mile) adjacent to the fault. All other flow sections
5‘;' : (total width, 1.45 miles, average gradient, 34 feet per mile) crossed the
E : playa, and a transmissivity of 2, 000 gpd per foot was used for less perme-
gf}’}ﬁ ke:. able playa deposits. By substituting these values in the above equation,
?;" : " total computed flow toward the Airport Fault was estimated to be about 250
fﬂiﬁ.:r;-'\acre-feet per year. Evapotranspiration from about 200 acres of greasewood

:..,;, 17 uong the west side of the playa is about 40 acre-feet per year. Thus, as

. computed by the flow-net analysis for natural conditions, about 200 acre-

48

feet per year flowed into the sink along the west side of the Airport Fault.




; Water-level contours on plate 1 indicate the direction of flow in the

- f;lley'fill But do not indicate the direction of flow in bedrock along the
::iinear sink atea.' Any nearby area where a potential gradient exists from

- East Lemmon subarea is a possible recipient of any subsurface outflow from

the vailey. However, the regional geologic structure associated with the

H@lker Lane fault zone strongly suggests that the outflow from Lemmon

v iv Valiey probablf is moving generally northward through highly fractured
;.génsolidgted rocks to one or more valleys north of the area having lower
;fwafer-level altitudes. These areas are included on the map prepared by
 ﬁush #nd Glancf (1967, pl. 1) and preliminary ground-water budgets prepared
.‘}’1ﬁ';ha£>study suggest that some intervalley ground-water flow may occur.
‘ﬁbwevér;'determination of this complex flow system could not be resolved

‘-"yith;the meager data available in Lemmon Valley and adjacent areas.

A
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_GROUND-WATER BUDGET FOR NATURAL CONDITIONS
Over the long term and for natural conditions inflow té and outflow
from an area are equal. Accordingly, a water budget fér natural conditions
expresses the quantity of water flowing in a hydrologic system under

equilibrium conditions. A water budget generally is designed to bring

~ together and compare the several estimates of inflow and outflow and to

ascertain the magnitude of error in the estimates. A budget that balances
reasonably well.also lends confidence to the reliability of the individual
elements of inflow and outflow; the gross quantities in turn are depended
upon by those concerned with water development and management.

Table 10 is a ground-water budget which lists estimates of recharge
to and discharge from the valley-fill reservoir under natural condifions.
The budgets for both subareas and the total for Lemmon Valley show
imbalances of between 5 and 20 percent of inflow and outflow values. The
lafgest imbalance, 20 percent, is for Silver Lake subarea. As previously
mentioned, the estimated recharge may be high (p. ¥2) and subsurface out-

flow may be low (p.3¢). In addition, imbalances in general are due

principally to the crude methods available to estimate most elements of

inflow and outflow. Because a single value is needed to represent both
inflow and outflow for computations of the available supply, rounded values

were selected and are shown 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
) subarea subarea Valley
-+
NATURAL INFLOW &
Recharge from precipitation (table §) 1,000 500 1,500
Possible inflow from Cold Spring '
Valley (p. #%) minor 0 minor
; Net inflow from Silver Lake subarea
| - (p. 3Y) ) , - minor -
3 Total (rounded) (1) 1,000 500 - 1,500
NATURAL OUTFLOW
O : Evapotranspiration (table 9) 760 420 1,200
‘ Net outflow from Silver Lake subarea ) Rt IR eSS
(p.3Y) minor - -—
Subsurface outflow (p.+% ) - (a) 200 - 200
Total (rounded) (2) 760 620 1,400
IMBALANCE (rounded) (1) - (2) 200 -100 100

Values selected to represent

both inflow and outflow 900 500 1,400

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

Partial or detailed analyses of water samples from 23 Qells and 1
spring were made during the course of this study to evaluate the quality
of ground water as of 1971. These analyses are listed in tables 12 and
13 élong with 46 other analyses made prior to this study. Specific—
conductance determinations were made for 38 water samples from U.S. Geological
Survey test wells and selected hydrologic points. These values are listed
in table 14.

Variations in Water Quality

~ For purposes of this report, waters are classified on the basis of
their predominant anion and cation. Calcium bicarbonate and sodium bicar-
bonate are the principal water types in the area. Detailed analyses of
water beneath the playas were not made, but in other areas these waters
are typically sodium chloride and sodium sulfate types.

The chemical quality of water changes as the water moves from areas

of recharge near the mountains to area; of ground-water discharge near the
center of the valley. » ’ o A f Readily
discernable changes do not occur until the water reaches discharge areas.
Evapotranspiration causes residual salt to be concentrated in the discharge

areas. This is illustrated by figure 9, which shows variations of dissolved-

'solids content of water samples in Lemmon Valley. Limited data from paired

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

playas the quality of water improves with depth., For example, the estimated
dissolved-solids content of water from well 21/18-36addb2 (13.5 feet deep)

is about 11,000 mg/l (milligrams per liter), whereas the estimatea dissolved-
solids content of water from well 21/18-36addbl (150 feet deep and about 10

feet from the shallow well) is only about 1,600 mg/l. Owing to lack of
control points, the vertical extent of naturally salty water beneath the

playas was not delineated in this study.
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Table 12.—-Part1al chentcal halyges of water fton wells nnd oprings ‘

jFie]d-otftce 5"81)'988 by the U.S. Geological Survey, except

as 1ndicutedj

. ] . RO ) Milligrams per J{iray {unner runber) and y N " A
s A A e PO o “mililequavalents pa £_numbes )L - speciiie . S o
N e Snd;um l Ll “éu z:;duc- . " Factors affecting suitabilicy
o : L o (Na) ' tance ol for irrigation2/
o ol ;t Tem= Mag~ plus | o lard-. (micro- (labs ResiduAi
‘ I o S L v  per= Cal- ne- potas-  Bicar-- Sul- Chlo= ness mhos deter- sodium
oy ',:', ST . Date ‘ature + clum sium  sium bonate fate ride: as Per cm. mina- Salinity Sodium carbonate
Ca ~ Location Source _ sumpled °F °C- (Ca) (Mp) () (uc0y)4/ (sog) (C1) - Cacoy at 25°C) tion)  hazard _ hazard __(KSC)
0 ,20/18-1dded8/ . well < 8-12-71 - = 3710 17 148 39 3 134 327 . 1.4 . low low safe
O S : ' 1.85 0.83 0,73  2.43 %p,81 0.08 2,68
.t " A “ 4 - .
20 allascal’  well - Bell-Tl - 52- 11,0 23 4 18 111 ) 2 72 211 7.8 low low safe
R A S : 1.15 0.29  0.76 1.82 *0.29 0.06 .44
.',;- uyobdaa® spring - 8= 6-71 . ~—~ == 24 7 212 109 21 1 88 222 7.8, low low safe
S e T o 1.20. 0.56 0.53 1,79 B 0,44 0,03 1.76 ‘ ,
WUV U 20/19-A0dae8]  we11S) 11-18-69 -, 29 13, 5 132 2 12 124 - 7.4 lov low safe
PR ' , R Cos T 14450 L.04 0 0.64 2.1 0.46 0.34 - 2.48 _ '
; Mo YU (6)  .Bell-7l .61 ‘16,0 26 14 .20 107 55 7 320 7.4. low low safe
R : S 120 1.4 0.88 175 .. % 114 0.20 2,34
T thcanS /. well  7-27-65. - - 24 14 14 137 10 8 116 - 7.6 low low safe
Cepeiia ' 1.20 1,12 0.61 . “2.24 0.21 0.23 2,32
e (5 6) 111868 e - 29 12 20 142 20 13 120 - 7.5 lov  low safe
o o ‘ © 1.5 0,96 , 0.85 2,33 0.42 0,37 2,40
s ) (5 6) 11-16~70 - - 27 13 23 149 27 8 120 -~ 1.9 low - low safe
‘ oA , - . 1.35 1.07 .00  2.44 0.56 0.23  2.40
T (8)  eell-Tl 63 17.0 24 4 23 127 41 8 116 328 7.5 low  low safe
D S A : _' L - 1.20 1.12 0.99 2,08 2 o0.85 0.2 2,32 :
e webbec® | well U 8-11-71 ' 61 16,0 37 16 44 176 88 8 158 500 7,7 low low safe
o - . 1.85 1.31 1,91 2.88  * 1,83 0.21  3.16
P, ~hddact 8 el 11-18-69 — = 29 12 6. 95 36 10 120 - 7.6 low low safe
oI T : 1.45 0.96  0.26  1.56 0.75 0.28 2,40 .
y o’ . (5 6) - 11-16-70 -~ - - 32 15 16 158 28 9 140 -— 1.5 low low safe
S , i 1.60 1,23 - 0,70  2.48 0.58 0.25 2,80
, : (5 6) . 12- 4=70 - .- 29 12 17 122 16 8 120 - 1.4 low low safe
e, 1.45-0.99  0.74 2,00 0.75 0.23 2,40 : ‘
e ~8baaa’/ well  B-11-71" 6L 16,0 120 63 58 314 80 21 559 1,210 7.9 medium  low safa
o ) : : 5,99 SR 2,53 0 5,15 R 750 0,50 11,17 v
L -8casdd® " vell  6-10-61 o= - s4 74 325 217 967 9 440 - 7.1 high  medium safe
DT : 2,70 6.07 14,12 3,58 l18.88 0,25 8.79
w Y T e8ddbd2. % well  5-23-67. -- -- 35 12 12 . 120 14 14 136 - 7.0 low low safe
Sy . : , 1,75 0.96 0,51 1,97 0.29 0,40  2.72
‘ ot oscdeod Y well 1413470 - - 32 6 se e % 5 104 - 7.8l low safe
vt . © 1,60 0,48 2,44 2,39 1.96 0.14 2,08 .
. \-lOcnbby. well B8-1)=-71 58 14,5 42 18 33 142 a 54 44 180 523 7.2 low low safe
Lo : o 2.10 1.50 1,44 2,43 112 1,24 3,60
: ',_-ubdbé.!./ vell  7-14-67 ~-= « = 32 21 3 212 - 1% 18 168 - - 7.4 low low safe
) R T ' JE TR O [N % L S A Ced9 Gu5) - L.3¢ v
A vt A3 8) Ue15-63 = te 32 20 0 40 244 13 200 —= Y6 low! lov »  safe
.-.“m,-‘m..&.‘p,, ey vt Ix o ;_‘» B L T J R 10600 (2440 - ,*.14 M;.;ﬁ-ﬂcgt.‘,)z.“..ﬁﬁ 7.L~.Q.n,l] .,,,t-é.DO..,.,.,.-d, e RPN, ‘ [ - N,
A Ah 5 6) " 2-24=69 ' <= . 12 29 0. 22 a6 9 200 7. e 7.4 low low "safe .
- : ) 1.60 2.40 1,31 3.80 0.33 0,25  64.00
' : (56) « 6= 369 = - 3% 25 23 229 12 13 - 188 - 7.9 low low safe
| ' 1.70 2.08  0.99 3,75 0.25 0.37  3.76 .
(5 6) 10~ 8-69 — == .32 28 21 234 13 16 196 - 7.6 low low safe
. , : 1,60 2.32  0.93  3.84 0.27 0.45  3.92
L (56)  4-15-70 . = - 2 29 2 239 17 1S 200 - 7.7 low low safe
, ' 160 2,38 1.00  3.92 0.35 0.42  4.00"
B (s 6)  11-18+70 o~ = 37 32 31 251 21 2 224 - 7.6 low low safe
S , 1.85 2.63 = 1.35 4.1 0.44 0.59  4.48
AR ."-tncuc.._/ oll - 12-8-70 - -- — 38 14 22 176 17 17 152 - 7.6 low low safe
o _ S © 1,96 1,15 0.9  2.88 0.35 0.48  3.04
: 'oudbdd./ well = 8-11-71 61 .16.0 49 31 22 24 55 26 249 512 7.8 low low _nafe
- , ¥ o 2,44 2,53 097 4.00 % 1.15 0.73  4.98
“14abes/ well -8-11-71 . 62 16.5 71 27 34 216 150 20" ° 290 698 7.9 low low safe
. o 3.54 2,25 1,47 354 * 3,12 0.56  5.79 _
oLt e15obdcl®® vall 63871 = - 24 10 23 . 112 46 4 100 - 7.4 low low safe
: 1.20 0.82  1.00  1.84 0.96 0.11 2,00
o =1sbcand®/ well  1-26-71 - -~ 21 58 156 60 9 76 -~ 8.3 low lov safe
o, 1.05 0.49  2.52 2.5 1.25 0.25  1.52
;70 T. #15bedcd b/ well 11-7-63 — -— 53 10 3 129 48 6 172 - 1 lov . low safe
S : 2,64 0.80  0.11 2,11 1.00 0,17  3.44 ‘
‘16badb well  7-25-66 o~ = - 43 22 34 207 56 30 197 499 8.0 low low safe
S = 2,15 1.79 1.47 3.39 1.17 0.85 3.94 _
T 210184248ebd3. 8/ | well  6-1666 e - 24 9 66 205 3% 23 96 - 9.3 low low ~ unsuitable .
AR R ‘ 1,20 0,72 - 2.87  3.36 0.71 0.65 1,92 j
S e24acacs b well  he 666 - — 27 10 30 142 19 15 108 - 7.8 lov . low safe
I o ‘ 1.35 0.80 1,30 2,33 0.40 0.42 2,16 _ ' .
L (56 6-9-70 == ~= 20 11 ' 17 129 . 18 18. 116 - 8.0 low . low safe
R . - C ot 1,465,090 . 0,74 2.11 0.38 0.5 2,40 :
AN ()] . well| 8-11-71 63 17.0 28 5 26 124 23 10 90 289 7.8 low low safe
: 1.40 0.40  '1.06  2.03 ,0.48 0,28 1,80 _
L e25hdad well ' 72666 ==  -a 46 14 22 168 56 17 172 398 8.2 Llow low safe
o , ‘ S 230 1,340 0096 2,75 1,17 0448 3.44
CLT T 2seded® . wall < Belle7l T 59 15,00 42 11 28 % 16 . e 9 . 150 LoMST 9. low . low | eate
oL : : 2,101 0,90 ' 1.24 - 2,5 *1.33 0.25 3,00 L .
ot v w2sbada®  well T gel1-71 59 150 35 7 27 ' 144 35 10 116 .. 34 7.6 low low safe
A ' ‘ 1,75 0.57 1.8 2,36 "*0,73 0.28 2,32 - ‘
LD easpbbh3 8/ well 11-11-69 A5 7.0 S0 9 .. 13 169 32 1L 160 =, 17 .. " lov . low- » sate
. ‘,;:,‘.ﬁ L R S 2.50 0.72 ° 0.55 © 2.74 - ' .0.67 0,31 - 3.20 L L
- '-ZSbcnhLA/ well  3026-65 = - . - 24 - 7 31 1200 38 12 . BB . = . 1.4 . low lov  safe
S .: S o -1.20 0,58 1.35 1,97 | 0.79.0.3% .1.76 ¢ . ﬂ .
-.zs.uhL./ ull‘;, $= 366 == et 48 13 0 26 171 0 s8 13 . 172 . - 8.1'° "lov ..’ lov - safe
o . » Ll 240 1,06 103 2,80 D121 0,37  3.44 o
£ N v—.zmau?..J well |* 5- 3-66 Se= lee S4T30 0 38 176 1 96 9 176 == 19 .low . low wafe
Yo N o - 2.70. 0,80 . 1.66 2.88 ! 2,00 0.25 . 3.52 ‘
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" ‘ R ~ . Table )2.~rPartlal chemical sunlyses of water from wells and springs--Continued ° - B
" " b Milligrams per liter (upper number) and . =~ o A; S :
T oo © . wmBilliequivalents per_liter (lower numberl/ ' Specific - - AT .
R ' SR Sodium " conduc- . - Factore affecting euitability. ..
A - : (Na) ' : .7 "tance . - pH ——for_trrigacion2/
S RN " Tem~ - Mag~ plus Hard- - (micro- (lab, o - Residual .~
NS : N " per- . Cal- ne- potas- Bicar~ Sul= Chlo- ness * wmhos deter~ ' - " sodium .
£ e . Date = - ature cium sium sium bonutz fate ride as per cm mina~ Salinity. Sodium carbonate ..
. Location Source _sampled  °F °C _ (ca) (Mg) (X33 (uco)d/ (so;)  (Cl)__CaCO at 25°C) tion) _ hazard hazard - (RSC) -~
21/19-7dcdad. 8/ " well  9-20-62 ' 48 9.0 40 18 19 144 67 12 172 - 8.0 - 1low low safe
L : L 2.00 1.44  0.83 2,36 1.40 0.34  3.44 : . o .
. ei5adaad ¥/ vell  4- 3-61. -- - 42 8 40 129 82 22 136 - 7.9 .low . low  safe
' ‘ : : , 2.10 0.64 1,72 2,11 1.71 0.62 2,72 )
_ ~15cbadd 8/ well 10-2-69 -~ -~ U 6 23 129 32 11 108 -~ 1.8 1low low safe
L ‘ © 1,70 0.48  1.02 - 2.11 0.67 0.31 2,16 - -
©, - =15cbba% 6/ well T 4=26-71 - 34 19 34 193 30 20 160 - 8.2  low low safe
L : . 1.70 1.56  1.48  3.16 0.62 0.56 3,20 . g - ' 4
“15dbcad 8/ well  1-26-71 ~- - 18 5 38 107 45 7 64 = = 8.1  low  low safe
- : - 0.90 0.41  1.65 1,75 0,94 0.20 - 1,28 - L , o
"t =15dbch®/  well  8-11-71 62 16.5° 60 18 27 131 78 48 223 . 591 8.5  low  low - safe
- 2.99 1.47  1.16 - 2,15 % 1,62 1.35  4.46 . : '
~19bacc3. 8/ el . 11-14-68 —_— - 29 10 32 167 28 8 - 112 -~ 7.9 . low . low - safe
: o 1.45 0.80  1.40 ~ 2.74 0.58 0.23 2,24 ‘ : . L
" <21daac®/  well 8-11-71 57 14.0 20 6 45 137 46 6 74 343 8.1 low low ' safe
: 1.00 0.48 1,96 2.24 % 0,96 0.17 1.48 o
-22baac®/  well  8-11-71 59 15.0 ~— — — - 52 5 - 271 . == low == U ee’
®1.08 0.14 : '
12- 8-71 == == 31 L JRR— 83 - == 97 : 282 9.0 _low == . gafe
' - 1.55 0.39 1.36 L9 o
<22badb3 8 vel)  se10em1 - —. 30 s L a2 35 3 108 - 2.8 low Low safe
1,50 0,66  0.48 1,84 0.73 0.08 2,16 "
 =22bcded. 6/ well  2-17-71 e e . 27 6 38 162 3 1 92 - 8.1 low low safe
: 1.35 0.49  1.65  2.33 0.8 0,31  1.84 ,
=23aaac well  7-26-66 %8 14.5 42 13 - 42 220 3325 160 450 8,1 1low low ~  safe
4 ' 2,10 1.10 1.81 3.6l 0.69 0.70 3,20 : ‘ |
-231ddb22.2/ well 4= 1-70 - - 32 6 41 188 13 16 1046 - 7.8 low ' olow safe
. 1.60 0.49 1,78  3.08 0.27 0.45 2,08 :
~23casb®  well  8-11-71 61 16.0 29 7 32 156 16 10 102 340 7,8 lov  low uafe
: . 1.45 0.59 1,38 2.56 0.33 0.28  2.04 :
-24badd®/  well  8-11-71 68 20.0 33 9 54 195 36 24 120 465 7,8 low low . safe
1,65 0,75 2,35 3,20 0.75 0.68 2,40
~24dah3 8/  well  8-30-65 o~ - 26 14 12 195 6 10 120 - 7.2 . low low safe
1.30 1.12  1.41  3.20 0.12 0.28 2,40 . '
-30ddda®/  well a 12- 4=57 60 15.S 6 0o (b 86 34 8 16 282 B.4 low - safe
0.30 0.02 141 0.7L 0.23  0.32 ,
7-25-66 62 16.5 9 1 58 112 36 17 28 273 7.9 - low low marginal
0.45 0.11  2.5L  1.84 0.75 0,48  0.56 _
.- - (56) 3-24-71 - - 13 20 100 32 / 40 -- 8.4 low low safe
' . 0.65 0.16 1.70 1,64 0.67 0.20  0.80 .
7 =3ececl | well 12- 5-57 68 20.0 4 0 ( T ar 217 2 9 8L 7.5 low - unsultable
o - ' 0.20 0.00 3.48 0.44 0.06 0.18 ' ey ~ , o
~3ecce28/  wen 8-12-71 68 20.0 3 1 129 320 12 7 2 12 626 8,6 low . high unsultable *
o 0.15 0.09 5.62 5.2 %0.25 0.06 0,24 T '
«34bbab3 8/ vell 11-16-70 ~- - 26 2 s 156 32 14 72 - 8.1 . low Low safe .
o : 1,30 0.16 2.22  2.56 0.67. 0,40  1.44 , ‘ Co
-3abbbad 6/ well  9- 9-70 - — 24 4 42 142 36 8 76 -~ 8.0  low low safe
1,20 0,33 1.83 2,33 0.75 0.23 1,52 ‘
(5 6) 11-16-70 = =~ - 27 4 38 149 i 6 B4 - 7.8 ' low low *  safe
: 1.35 0.33 1,65  2.44 0.64 0.17 1,68 ‘ '
=34cced3 8/ vell 4-18-63  -= - 16 15 17 110 14 6 100 -~ 1.5 U low lov safe
' . 0.80 1,20 0.75  1.80 0.29 0.17 2,00 .

1. Milligrams per liter and milliequivalents per liter ure metric units of measure that avre virtually identical to parts per million and equivalents per
million, reaspectively, for all waters having a specific conductance less than about 10,000 micromhos. The metric system of measurement {8 receiving
increasced use throughout the United States because of its value as an international form of scientific communication. Therefore, the U.5. Geological
Survey recently has adopted the system for reporting all water quality data. ’

2, Sal%nltz hazard is based on specific conductance (in micromhos) as follows: 0-750, low hazard (water suitable for almost all applications); 750-1,500,
sodium (can be detrimental to sensitive crops); 1,500-3,000, high (can be detrimental to many crops); 3,000-7,500, very high (should be used only for
tolerant plants on permeable soils); >7,500, unsuitable. Sodium hazard is based on an empirical relation between salinity hagard and sod {um-adsorption

‘. ratio. Residual sodium carbonate (expressed in mil}lequivalents per liter) is tentatively related to sultability for irrigation as follows: safe, 0-125;
marginal, 1.26-7.50; unsultable, »2,50. The several factors should be used as general indicators only, because the suitability of water for irrigation .
algo depends on climate, type of soil, drainage characteristics, plant type, and amount of water applied. These and other aspects of water quality for

. irrigation are discussed by the National Technical Advisory Committee (1968, p. 143-177), and the U.S, Salinity Laboratory Staff (1954),

3. Coiputed as the milliequivalent~per-liter difference between the determined negative and positive ions; expressed as sodium. Computation assumes that
- concentrations of undetermined ions are gmall.

,Jb; All carbonate values 0 mg/l except: 21/18-24aabd, 50 mg/1; 21/19-15dbch, 4 mg/l.
3. Analysis by Nevada Health Division,

6. Additional determinations from detailed analyses in table 13.

&. Laboratory analysis by the U.S. Ceological Survey,

b. - Na, 51 mg/l, 2,20 me/1; K, 1.6 uwg/l, .04 me/l.

. €. Na, 86 mg/1, 3,74 me/1; K, 1.6 mg/1, .04 me/l,
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4., - Table 13,~~Additionsl constituents ined from vater from v -

.o S ' ‘(Laboratory analyses by the U, S, c.ogpgu-l Survey. uo-pt (1) l;dluted)

PV VI U EDRIUAU R UV S VU S "
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liter.

1, Sece foolnolc 1, table 12

Where only one numbor ts shown, lt is ulllxgrums pur

2, Total iron; some high values may be due to impurities fn un!iltered samples.

3. Ahalysis by Nevada Department of Environmental Health,

a. Calculated with H603 multiplied by 0.492 to make results comparable with "residue

on cvaporation" value

b, Residue on evaporation at 110°C,

b y e
gy - PRRECENE Y Milligrams per Liter. (uppet number) lnd—/ o _,ﬁ Milligrams per lltor (upper numbvr) and
BRI . e . nilliequivalents per liter (lover numbee)l S o ) milliequivalents per liter (lower number)l/
LIRS ; . Ortho- S ' Or Lho-
Vi o phos~ Bissolved~ phos= Disnolved~
: Silica Fluoride Nitrate phate Arsenic Iron/ solids - | Sillca Fluoride Nitrate phate Arsenlc  Iron solids
e Location ' Date _ (5107) (F) _ (NO3) - - (PO4) _ (As) (Fe)d content i Locat ion Vate  (5102) (F) (NU7) (PO4)  (As) (Fe)2/  content
s i 20/18-1dded 8-12-71 41 - 5.3 0.15 - 0.02 a 225 ,; -24acacd 4~ 6-66  -- - 20 - - 0.41 b 242
;‘ / A s . - 0.09 - “ 0.32
00 =1lascs’ 8-11-71 23 - 1.8 0.37 - - a4 3/ 6-9-710 -- 0.2 5.4 - trace  0.69 b 210
P . 6.03 0.01 0.08
toe . «i2bdaa 8- 6=71 37 - 2.0 025 - - al158 8-11-71 48 -- 4ih 0,09 == 0.02  a 203
Lot 0.03 . 0.07
V1 2o 3, 11-18-69 <= 0.1 11 - 0.00 0.05 b 230 . -25adcd 8-11-71 51 - 6.2  0.18 - 0.10 a 288
o . 0.00 0.18 o2
“. 8-11=71 43 - 8.0 0.21 - 0.03 a 224 -25bada 8-11-71 51 - 8.0 0.12 - 0,01 a 244
. 0.13 - 0.13
2 sg),r 7-27-65 - 0.0 17 - - 0.10 b 213 -25bbbb3  11-11-69  -- 0.2 0.9 - trace  0.36 b 251
0.00 0.27 0.01 0.01
L . Y 11-18-69 - 0.1 9.4 == 0.00  0.06 b 230 -25bcabY  3-26-65 - 0.2 0.0 - -- 0.26 b 195
|‘, 0.00 0.15 0.01 0.00
b 3 11-16-70 —~ 0.2 10 - 0.00 0.03 b 197 -26aaab 5o 3-66 - -- 6.5 - - 0.08 b 297
o 0.01 0.16 0.10
t .
v . 8-11-71 = 42 - 9.3 0.25 - .56 a 223 -26aadb3/  5- 3-66 - -- 3.0 - - 0.10 b 270
0.15 . 0.05
<dbbee 8-11-71 46 -_ 8.0  0.25 - 0.06 a 3% . 2119-Tdedad  9-20-62 - -- 12 - - v.i2 b 218
: 0.13 ) ' ' 0.19
~4ddacd/ 11-18-69 — 0.1 7.3 - 0.00 1.8 b 204 -15adaad) 4= =61 = - 1.7 - - 0.0 b 245
. 0.00 0.12 0.03 N
3y 11-16-70 - 0.2’ 11 - - 0.00 0.03 . b 230 -15cbadd/ 10~ 2-64 -- 0.7 4.7 - trace 0.04 b 224
o 0.01 0.18 0.04 0.08
3 12- 4-70 - 0.2 9.6 = 0.00 0.0 © . b 216 -15cbbad/  4-26-71 - 0.2 2 - 0.00  0.03 b 283
0.01 0.16 : 0.01 0.34
+8basa 8-11-71 &7 - 28 . 0.09 - 0.02 a8sL -15dbcad/  1-26-71  -- 0.2 2.5 - trace 0,19 b 171
‘ 0.45 : 0.u1 0.04
~8caadd/ 6-10-6) == - 12 -— -— 0.0 b 606 -15dhch 8-11-71 43 - 23 0.12 - 0.07 a4 365
0.19 0.37 '
. «8ddbad/ §223=67 «- - 35 - - v.15' b 271 -l9bacc}/ 11=14-68 == - 3.3 - -~ 0,06 b 228
:, ‘ 0.56 0.05
. “9cdced  11-13-70 - 0,1 2.8 - 0.00 0.02 b 294 -2ldaac 8-11-71 53 - 4.2 0.12 -- 0.04 a 247
o 0.00 o.oab/ . 0.0/
0: q;#“) ~10cabb 8-11-71  4S -- 22 0.3 - 0.04 a J28 ~22haac 8-11-71 41 - 4.0 0.06 -- 0.4 -
45 0.35 0.06
RS TV L WP - 7Y - - 058 bR -22badbd  Se10-71 -m 0.1 LU == 00 0.0 b 197
ww\ 0.44 0.00 0,02
‘{ﬁ3 y 2=15-68 == - 2l ea - 0,15 L 287 “2bede¥ petent - 0,2 2.9 - trace 0,04 b 220
F(x B ) 0.68 0.01 0.0%
y 222469 o= - SR me - 0.20 v 272 =Dladdb2d 4= 170 -- 0.1 1 - trave 0,06 b 230
0.94 0,00 0. L8
3y 6= 369 ~- 0.2 230 - 0.00 0.06 b 194 ~23caab 8-1t=71 59 -- 15 0.49 -- .02 a 246
. : 0.01 0.47 . 0.24
3 10~ 8-69 - 0.3 187 ea 0,00 0.10 b 287 ~24badd H=l1-71 38 - 7.5 0.8 - 1.7 a 299
' 0,02 .29 0.12
y 4=15-70 - 0.3 209 - 0.00 0.3 b2 -24dab2!  §-30-65 - -- 14 - - 1.1 b il
y 0.02 . 0.32 . 0.23
; 3/ 11-18-70 — 0.3 ALY - 0.00 0.16 b 315 3 9-12-65 == -- -- - - 0,72 -
- 0.02 0,66 , ‘
- VO . . el -30ddda  12- 4-57 29 0.6 0.0 - - 0.0 a L7y
4 QZ"‘ *llcaacy 12~ 8-70 - 0.0 18 - 0,00 0.02 b 230 0.0} 0.00
5 0.00 0.29 .
W _ . . : : 3/ 3-24-71  -- 0.5 0.7 - trace  0.09 b 157
qgm%'ﬁﬂm“ 8-11-71 35 - 4’ o -- 0.08 a2, 7 0.03 0.01
a0 ’ °°°7V, Seceel  12- 5-57 42 0.8 2.0 - - 0,02 4 264
ol °f§L t~xaabc 8-11-711 23 - 2.5Y 0,03 ° - 0.02 . & 434 0.04 0.03
. 0.04 : . ' ~Jecve? §-12-71 50 - 2.7 0.27 - .02 4 165
-15»4;12/ 6=28-71 == 0.2 " 46 == 0.00 : 0.17 b 204 -] 0,04
Lo e, Ty :; ' 0:01 . - 0,07 T s ;&:é ~34bbab>!  11-16-70 == u.l 3. - trace 0.14 b 233
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-15beded  f1e 7-63 - - Iy, - - 0.28 b i 0.01 0.07
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Suitability for Use

On the basis of the data in tables 12 and 13, ;irtually all water
samples, exceptréome from shallow wells on or near the playas, were of
suitable chemical quality for irrigation and domestié purposes. One |
exception is water from deep well 21/19-31lccccl, which has a noticeable
hydrogen-sulfide smell and required treatment before it was used as a |
supply at Stead Aigjgzse prior to the time that water was‘imported to the

valley. For more spe¢ific information régarding the suitability of water

for use, the reader is referred to the following published references:

Type of use Reference
Agricultural Federal Water Pollution Control

Administration (1968)
McKee and Wolf (1963
A U.S. Salinity Laboratory (1954)
Domestic U.S. Public Health Service (1962)
Most water withdrawn for use in Lemmon Valley is for domestic purposes.
The U.S..PublitfHealth Service drinking water standards, which are generally
accepted as standards for public supplies, are listed below és ﬁhey apply

to data in tables 12 and 13:

Recommended maximum

concentration
Constituent (milligrams per liter)

_ylron (Fe) ' - 0.3

Sulfate (SO0g) . ’ 250

Chloride (C1) ' 250 |

Fluoride (F) | a 0.9

Nitrate (NO3) < a5

Arsenic (As) 0.01

Total dissolved solids 500

a. The optimum concentration for average. annual maximum
daily temperature of 64-71 degrees.
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These are only recommended limits, and water, therefére, may be acceptable
to-many users despite concentrations exceeding the given values,

Among the listed coﬁstituents, excessive iron causes staining of
porcelain fixeures and clothes, large amounés of chloride and dissolve&
solids impart an unpleasant taste, and sulfgte 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 followingbrating:

Hardness range

fmilligrams 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 required by laundries
and some other industries)

Hore 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 regarding the
acceptability of a drinking-water supply, contact the Nevada Bureau of

Environmental Health, Carson City, Nev.
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o ‘ IHPORTED “ATER i . , . ,’ - k/‘"':f - ) ~"f"b

VVater has been imported to Lemmon Valley from Truckee Headows since '

.

Prior to 1966,.the Stead Facility vas the only area in the valley

uaing imported water.. In early 1966 the Raleigh Heights subdivision vas

~‘t:ompleted and also began receiving imported water. “As of 1971 one addi-

T. 20 N., R.‘19 E.,was supplied with imported water.’ Use in this area was

;Table 15 lists the available information on water imported to Lemmon f _

alley for use at the Stead Facility., Records are not available prior to

1956. There was no military dependent-family housing in use during this - .T.i_.

-

early period Vand imported water was supplemented by a small number of

i'wells., Moreover, the base was shut down for a short period during the

>

1950 s._ These factors suggest that the average quantity of water imported

I

acre-feet per year. Over the 27—year period 1944—71 an estimated 15 000

f During 1970, about 860 acre-feet of water was used by about 2 700

persons living at Stead and by the industrial facilities there., I£ water ‘w~ f‘_

;.“

'.280 gpd An.estimate of the water used within households at Stead may be v“d; N .

.

.the sewer plant for parts of 1969 1970 and 1971. During winter‘nonths‘

.;l nost of the water imported is discharged through the sewer plant and

LR o ) .

- . - - . - . - RSN R
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‘Table 15.-Wéter imported to Lemmon Valley for use at Stead Facility

Flow through sewer plant

Year ~ Imported (percentage

- (acre~-feet) (acre-feet) of import)
1944-1955 a 3,300 _— -
- 1956 260 —-— : —-—
1957 . 290 - _ -
1958 500 -— : -
1959 940 390 42
1960 1,080 400 , 37
1961 _ 1,060 400 38
1962 4 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 - s
Total a 15,000 - -

a. Estimated; records not available.
b. First 7 months. '

¢
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—

prob;bly 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 rate of 200 gpd,
somewhat iess 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 table 16,Van 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 parfly consumed by lawn evapotranspiration and part infiltrates to
recharge ground water. Based on the estimates in table 16, recharge from
imported watef in Raleigh Heights may be about 30 acre-feet per year. If
on{zﬂghe net imported water to the valley is considered, then about 630

acre-feet have been imported to the Raleigh Heights area since 1966.

<>
’1/ D\(J
1= AN
°\\a\'; 308 QX&
.3 O\O
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Table 16 .—-Estimated disposition of imported water
at Stead Facility, 1971 conditions -

a. Disposition in percent
Inflow = 100 percent
‘Plov to sewer plant = 40 percent of infiow (table 15)
Evapotranspiration of effluent = 60 percedt flow
to sewer plant, or 24 pefcent of inflow
Recharge from effluent = 40 percent of effiﬁenk,'
or 16 percent of inflow
'Lawn irrigation ; 60 percent of inflow
Evapotranspiration of léﬁﬁ water = two-thirds of
" lawn irriga;ion, or 40 percenf of inflow .
Recharge from lawn water = one-third of lawn
irrigation, or 20 perceng of inflow

Total sécondary rechargel/ = 36 percent of inflow

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

Item Silver Lake subarea East Lemmon subarea
Inflow 500 | 400
Flow to sewer plant a 200 160
gy sl or e ] 2
iz - o
'Lawu irrigation : .500 : . 240
Evapotranspiration of 200 | 160
lawn water .
Recharge from lawn | 100~ : 86 2
water ; 4 ;
Total secondary rechargel/ IE;. ;;;

1. Recharge derived from man's activities is herein termed secondary

recharge to distinguish it from "primary" or natural recharge.
‘a. Flows to East Lemon subarea. T SR ey ey
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S BT,  PUMPAGE _' B L

'i’ Table 17 lists estimates of ground~water pumpage in Lemmon Valley. s

::years 1956 1966, and 1971. The 1956 pumpage estimate is based on infor- :
: nation from Stead Air Force Base and population estimates made from numbers,

: of dwellings counted on aerial photographs taken during that year. The f

4:and'on aerial photographs flown during 1966.' Estimated pumpage for 1971 :' .
{Lwas based on power—consumption data for large—capacity wells used for
:yirrigation and public supply and on population estimates, per—capita use :

4 rates, and estimated lawn-water requirements for areas served by individual

-The following factors, based largely on field observation,“were
3£:genera11y used to obtain indirect estimates of domestic use:
{'l.}:On an average basis, one house‘represents 3.5 persons. r
’KV.:i.diOn an average basis, one trailer represents 3 persons.

rid. ‘Average houaehold use (not including lawn water.requirements)

is about 100 gpd per capita. of this, only 10 gpd or less is

consumed :Z e R ! e : .'1 b ,.'_LV

4. An average—size lawn requires application of about 0 25 acre-foot'

-

of water per year. Of this, about 0.17 acre—foot is consumed.

Adjustments were made for larger-than-average and smaller—than-

5 tverage sized lawns.
Separate estimates ‘were made of in-house use and lawn-water requirements
! .7 so that the large variation of water applied to lawns could be taken into

,} 33 ‘h;'i‘ ‘. = L ., e ., . ,'. L o - 3 .4 . > - oo . : -
s‘ . vaccount. : N ol o N e L N A AR SR, by 00 :

-

wells or small public—supply systems, such as those serving trailer courts. l'
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Part B of table 17 lists the various categories of use in 1971 and
also indicates the distribution of pumpage. Water withdrawn is the gross
pumpage; the amount consumed is called the net pumpage. The difference
between the two is considered to be returned to the ground-water system.
Withdrawal in the East Lemmon subarea is about twice that in Silver Lake
subarea; however, consumption in both areas is about the same. This is
due primarily to the comparatively high consumptive-use rate of water

pumped to irrigate the Washoe County Golf Course.
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EFFECTS OF DEVELOPMENT

Nonequilibrium Conditions

Prior to development, a ground-water system, over the long term, is

in a state of dynamic equilibrium: Recharge equals discharge; and the
over periods of several years

quantity of water in storage remains constant/. Development creates an
imbalance in the system. In the case of pumping, total discharge (natural
discharge plus net pumpage) exceeds the recharge. Consequently, water is
pumped from storage and water levels decline until natural discharge is
reduced sufficiently to‘bring the system to a new equilibrium, where recharge
equals a reduced natural discharge (sometiﬁes to zero) plus net pumpage.

If net pumpage exceeds the predevelopment natural discharge, water levels

will decline indefinitely, and a new equilibrium will never be reached.

.In the case of imported water, the opposite situation occurs. An imbalance

is caused by increased recharge, water is added to storage and water levels
rise until natural ground-water discharge is increased sufficiently to.
bring the system to a new equilibrium. Finally, if both pumping and
1mportation occur, as in Lemmon Valley, n6 new equilibrium is possible
until natural recharge augmented by recharge from imported water equals a
pew natural discharge (may be more, less, 6: equal to the old natural

discharge) plus net pumpage.

Water-Level Changes

Water-level changes due to development are of two general types: (1)
seasonal, or short-term, fluctuations caused by cyclic variations in water

use, and (2) long-term changes associated with permanent changes in ground-

water storage as the system adjusts toward a new equilibrium.
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Short-Term Changes
The most common short-term changes are seasonal fluctuations due to
large summer pumping. Highest water levels generally occur in the spring,

and the lowest water levels in the late summer. In areas developed by

individual domestic wells or small public-supply wells, the magnitude of

the fluc:uations probably has ranged from several feet to possibly as much

as 30 feet. In the vicinity of heavily pumped large-capacity wells, much
'Iarger drawdowns and recoveries occurred. Spring and fall water-level
: ‘measurements in well 20/19-3bbba (table 24) indicate that water levels near

- wells 20/19-3bcab and 20/19-4ddac fluctuated in excess of 80 feet. Water—

level measurements in wells 21/19-3lccccl and 21/19-31cccc? suggest seasonal

fluctuations of similar magnitude near these two wells. Fluctuations of

this magnitude probably are due to combined effects of hydraulic barriers,

iow transmissivity, and large-scale pumping.

Imported water also has affected seasonal water-level fluctuations

viadjacent to the Stead Facility. Summer lawn watering has resulted in the

ground-water reservoir being locally recharged. Consequently, annual high
ﬁaterilevels in these areas occur during the late summer, and the annual

lows during late winter or early spring. This is converse to the fluctuations

_experienced under natural conditions.

: : Long-Term Changes
As of 1971, no discernible widespread decline in water levels had
occurred in Lemmon Valley due to long-term pumping. This probably is due
to. combined affecta 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
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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 21/19-31lccccl and 21/19-31lcccc? 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 retufn 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 in this 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 north-
ward beneath U.S. Highway 395 to oxidation ponds. This practice greatly

]
reduces the amount of return flow available for reuse in the immediate area

of pumping, but may be desirable for maintaining good water quality.

: The largest observed water-level Qeclines are near wells 20/19-3bcab
and 20/19-4ddac (fig. 11 and pl. 1). fhese wells are pumped intermittently
throughout the year, and a moder;te drawdown is maintained 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 leveis 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. Computation 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

_;he 25-year period 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 wacer; including

sewage effluent, has exceeded estimated depletions due to pumping.
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S Table 18.--Net change in storage from natural conditions to spring 1971

Net water-level

i
E : rise (+) or Average Net storage
! decline (=) Volume specific increase (+)
(feet) Area of material yield or decrease (-)
i Average (acres) (acre-feet) (percentage) (acre-feet)
¢ Range 1) (2) (1)x(2)=(3) (4) (3)x(4)
' Silver Lake subarea
0 to #10 +5 460 2,300 7 +160
é s +5 380 1,900 12.5 +240
: +5 - 280 1,400 18 +250
+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
¥ § Subtotall(rounded)1,700 15,000 +2,270
§ 0 to -10%/ -5 250 1,200 18 -220
. ]
;. Net increase, Silver Lake subarea (rounded) +2,000
é ( East Lemmon subarea
% 0 to +10 45 340 1,700 7 +120
f +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
i +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
R than 10 -15 60 900 12.5 ‘ -110
i -15 85 1,300 a 1% -13
Subtotal?/(rounded) 860 6,000 -220
Net increase, East Lemmon subarea (rounded) +3,000
‘ Net increase, Lemmon Valley (rounded) +5,000

! 1. For areas responding-to imported water.
. 2. For areas responding to pumping.
i. a. Estimated for fractured consolidated rocks.
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Changes in Evapotranspiration of Ground Water

Development has also affected natural evapotranspirationvof 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,
plant;; such as grasseé aﬁd_tules, which consume éomparatively large
quantities of ground water have become established locally. Adjacentrto
these areas, n;tural assemblages of rabbitbrush and greasewood have bécome

more dense and a éparse undergrowth of saltgrass has appeared. Plate 1
1

- 1

shows the géheral areas where the natural ground-water discharge has been
affected by imported w&ter. Increased discharge in the Silver Lake subarea

is supplied principally from recharge derived from lawn irrigation.

' Increased discharge in East Lemmon subarea is supplied principally from

the recharge of sewage effluent. In 1971, shallow water levels near Stead
Facility appeared felatively stable, which éuggests that increased reéharge

from imported water has been nearly offset by increased natural evapotran-

- - spiration and that locally the ground-water system is approaching equilibrium.

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 golf course for
more thaq 10 years. As of 1971, only a slight water-level decline had
occufred in the vicinity of the pumped wells. Consequently, pumping may
have caused some reduction in'natural evapotranspiration. Pumping apparently
has had_little effeét on natural ground-water discharge in other parts of

the area.

73




Reductions 'in natural discharge héve also been caused by land clearing
conﬁected with development. In Silvér Lake subarea, about 250 acres of
greasewood and rabbitbrush wére cleared several years ago. In 1971, some
phréatophytes were reestablished on this land, but evapotranspiration of
grouﬁd water had been redué;d from about 50 acre-feet per year under natural
conditionsvto 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 Silvgr |
Knolls subdivision. About 100 acres of land in the Central Area has also
been cleared to make way for roads and houses. Natural discharge probably
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

->0ver 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-quality 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 quality 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. 76




Table 19.--Estimated evapotranspiration of ground water in 1971

Depth to ~__Evapotranspiration
Assemblage or water Area (acre-feet
type of surface Density (feet) (acres) per year) (acre-feet)
' : SILVER LAKE SUBAREA :
Silver Lake playal/ - ' 0-5 430 0.5 220
Other playas - 0-10 40 2 8
Cleared land (formerly _ 15-35 250 <.1 10
greasewood) .
Greasewood and F
rabb1i tbrush medium to low 10-35 620 .2 120
Greasewood, - 2
£abbitbrush, and high to med}um 5-15 300 f5 150
some saltgrass
Grass and spring-
supported vege-
tation :
near Silver Lake — 0-5 130 1.2 160
' south of Highway _ 0-5 60 1.2 : 72
395
Tules R 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
e aaewood pd medium to low  10-40 1,700 . 340
rabbitbrush .
Grasses -— 0-5 60 2 120
bi = ‘
Rabbitbrush, grease=  ,.-h to medium  0-15 130 5 65
wood, and grass
Cxgnne’, Bokton medium to high  0-20 30 .5 15
vegetation
FLens Batrag high 0-5 10 1 10
vegetation
Subtotal (rounded) 2,800 : 580
.. Total (rounded) 4,600 - 1,400

1. Covered by water during part of some years.
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Another process that acts to change the quality of pumped water is a
combination of deterioration in water quality with use and recycling of
water. Deterioration of water quality with use, in turn, can generally be
attributed to either concentration or loading, which is the addition of
salts io the water as it is used. When water is partly consumed by evapo-
transpiration; the salt léft behind usuall& remain§ dissolved in the residual
watef and iﬁcreases the dissolved-solids concentration of the ret;rn flow.

If tﬁere is no loading, dissolved-solids content of return flow can be
estimated by dividing the original dissolved-solids content of the water

by the percentage of return flow. The data in table 14 suggest that total
dissolved-solids content of the imported Tfuckee Rivef 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 otherwise consumed,
then the dissolved-solids content of the return flow should be about
three tiﬁes 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 imported water.

When water is used for irrigation, loading can occur as a result of

‘salts 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-solids content of the Stead Facility
sew&ge gffluent is about 340 mg/l higher than that of the imported water.

' sewage-treatment
If the flow through the Stead A plant in 1970 of 370 acre-feet is used
#s an esfimaCe of the average flow, then a chemical load of about 170 tons

of dissolved salts was added to the hydrblogic system as a result of public-
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Increased Subsurface Outflow

Rising water levels in central East Lemmon subarea have resulted in _

"an increased hydraulic gradient toward the ground-water sink along the east
2t ‘.~-+ -‘probable = i TR R
side of the Airport Fault. The/amount of subsurface flow toward this area AL

- Tuir 4
5 . - 7 - P B = :

: was estimated in the same manner as the amount of Subsurface flow under .

L .’4 ?
s gyl

uatural conditions (p.ﬁ@?) The only change was that average gradient near

3 -

the fault vhere estimated transmissivity was 5 000 gpd per foot, had

- - %

1ncreased by about 120 percent- Thus, estimated subsurface outflow m 1971

uas about 220 acre-feet per year._:'"




GROUND-WATER BUDGET, 1971 CONDITIONS
Table 20 is a ground-water budget for conditions in Lemmon Valley as
of 1971. The estimated inflow té the ground-water system of 1,900 acre-
feet is 406 acté-feet higher than that estimated under natural conditions
(table iO). This is due to secondary recharge from imported water. The

imbalance between inflow and outflow probably is due largely to 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, if most of the
net pumpage indicated in table 17 were considered derived from storage,
much of the imbalance could be accounted for.

Table 20 shows that for all of Lemmon Valley, outflow exceeded inflow
by about 100 acre-feet. However, an estimated average net increase in
storage of some 200 acre-feet a year is suggested for the past 25 years
or so (p. 73), which is converse to the decrease calculated for 1971 in

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

[All estimates in 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. #7) minor - -minor
Net inflow from Silver Lake
subarea (p.<¥) - minor -
Secondary recharge from imported
water
Stead (table 16) 100 a 220 a 320
Raleigh Heights (p. ~%Y - 30 30
Total (rounded) (1) 1,100 800 1,900
OUTFLOW: :
Evapotranspiration (table 19) 810 580 1,400
Subsurface outflow (p. 77) (b) 220 220
, Net outflow from éilver Lake
subarea (p. *%) minor - -
Net pumpage (table 17) . 200 190 390
Total (rounded) : (2) 1,000 1,000 2,000
IMBALANCE (rounded): (1)-(2) +100 -200 -100

7

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

b. Excludes possible subsurface outflow through fractured consolidated rocks.
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THE AVAILABLE WATER SUPPLY
The available water supply in Lemmon Valley is discussed in the following
- sections in terms of; (1) the perennial yield, or the maximum amount of
salvable natural discharge; (2) an augmented yield where the natural ground-
water supply is supplemented b? imported water; (3) storage depletion, which
is sometimes referred to as>the "one-time reserve'" and is evaluated in terms
of a transitional storage reserve; (&) reuse of water; and (5) imported water.

Perennial Yiéld

The perenﬁial yield of a ground-water reservoir may be definéd as the
maximum amount of water of usable chemical quality that can be withdrawn
and consumed economically each year for-aﬁ indefinite period of time. If
the perennial yield is continually exceeded, water levels will decline until
the ground-water reservoir is depleted of water of usable chemical quality
or until pumping lifts become uneconomical to maintain. Perennial yield

cannot exceed the natural recharge to or discharge from the ground-water

reservoir. Moreover, perennial yield ultimagely is limited to the maximum
amount of natural discharge that can be economically salvaged for beneficial
use.
Table 10 shows that.the esgimated ﬁatural recharge to and discharge
from the ground-water system in Lemmon Valley is abou;'1,400 acré-feét per
yéar. However, about 200 acre-feet per yeér of the discharge was subsurface
outflow to adjacent valleys. The amount of this outflow that might be sﬁbsurfécek

by pumping is not known. If water is leaking downward into fractured

consolidated rocks beneath the valley £111 and then 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

82

——




laterally into fractured bedrock water levels might be drawn down below ;

-

barrier by pumping and most subsurface outflov could be salvaged For

7’purposes of this report it is assumed that about half of the 200 acre-feet bt s
. ‘probable - B
2y per year of/subsurface outflow could be economically salvaged by pumping

{--from the valley-fill reservoir. If it is assumed that virtually a11 evapo— R

>

?f transpiration 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

3i about 600 acre—feet. Any significant flow between the two subareas would

Ay change the natural yields accordingly. ;sh'i' f«‘iif” d"' &‘Jﬁ‘-;?>f;
;Vg j"ﬁ ,"hf u-é‘t , __gpented Yield ; LIRS oS jef.“t_ s
i;f;:.f*}f;ﬁf' The water resources of Lemmon Valley have been supplemented by imported

vater since the early 1940 s. Importation probably will continue at least
;_:?_ at the same level as in 1971. In this report the term augmented yield is
e = : 3 ,g .

used to describe the total amount of ground water available. ‘the perennisl

VTE_ yield plus salvable secondary recharge resulting from use of imported water..

Augmented yield remains constant only as long as the amount of imported

}'f‘%“}jpf vater and the manner in which it is used remain constant. Consequently,

if the amount or disposition of imported water changes, augmented yields

AN and predictions or plans based thereon also must be revised. Augmented '

':f}wr. yield of Lemmon Valley is estimated for 1971 conditions of water use and

disposition. Table 21 summarizes estimates used to compute the augmented
yield of about 1, 600 acre-feet. This amount of,ground water is available

for development and use whenever an additional l 000 acre-feet per year of

P

imported water is used and the same proportion infiltrates to ground water.
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p : Table 21.-—Estimated augmented yield, 1971 conditions

[All estimates in acre-feet per year]

Total for
~Silver Lake East Lemmon Lemmon
Item subarea subarea Valley
Perennial yield ' 900 400 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.

84




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 streams or lakes; however, most have well-defined discharge boundaries,
such as areas of evapotranspiration. |

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

To develop the transitional storage reserve, several assumptions are
made: (1) wells would be strategically situated in, near, and around areas
of natural discharge so that these natural losses could be reduced (subsur-
face outflow) or stopped (evapotranspiration losses) with a minimum of
water-level drawdown in the pumped wells; (2) a perennial water level 50
feet below the land surface would curtail virtually all losses from ground
water; (3) over the long term, pumping would cause a moderately uniform

depletion of storage throughout most of the valley fill (excluding some

remote tributary areas); (4) the average specific yield would be approximately

equal to that indicated in table 11; (5) the water levels are within the

range of economic pumping lift for the intended use; (6) the development

would have little or no effect on adjacent valleys or areas; and (7) the

water is of suitable chemical quality for the intended use.
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Table 22 lists the estimates of tr;nsifional storage reserve fof Silver
Lake and East Lemmon subareas. Although nearly the entire perennial yield
of East Lemmon subarea probably could be salvaged by pumping only in the
Central Afea, the Black Springs area and Golden Valley are included because

" the development is significant. Also, some of the natural discharge in

these two tributary areas could be salvaged by pumping from wells. ‘If hos; of the

~ faults shown on plate 1 are effective barriers to flow and if the valley
fill in the Black Springs area is compartmentalized as a result of lhis
faulting, outflow could be salvaged with comparatively small water-level
declines, providing pumping is stragetically distributed. 7
Considerable time will be required to salvage the natural discharge
and approach a new equilibrium in the ground-water system. Assuming
uniform rates of storage depletion and salQage of natural discharge, the
annual pumpage (Q) and the time in years (t) during which depletion would
- take place can be approximated from the following equation: .

Storagetdepletion - Natural gischargg

Q=
Using (1) the equation and estimated transitional storage reserves of
90,000 acre-feet in Silver Lake subarea and 50,000 acre-feet in East Lemmon
subarea, (2) estimated increased salvable discharge (augmented yields) in
1971 of 1,000 acre-feet per year for Silver Lake subarea and 600 acre-feet
per year in East Lemmon subarea (assuming these values wéuld remain constant
in the future), and (3) a pumping rate (Q) equal in quantity to the augmented
yield, in accordance with the general intent of Nevada water law, the time
(t) to deplete tﬁe transitional storage reserve is computed to be about 180

years in-Silver Lake subarea and 170 years in East Lemmon subarea. In actual

practice, the transitional storage reserve probably will not drain uniformly .
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from the valley-fill reservoir because of the fault barriers and the

irregular distribution of pumping. Consequently, less water would be

" withdrawn from storage and equilibrium may be approached significantly

sooner than indicated by these rough computations. In the event that
pumpihg is not strategically located (that is, becomes too concentrated in
one or more local areas), conditions of local overdraft could occur, and
no new equilibrium could be attained before conditions unfavorable to
local pumping occurred.

Reuse of Water

When water is pumped from the ground-water reservoir, usually only
part is consumed. The remainder may be returned to the ground-water system
and be;ome available for reuse in a manner similar to imported water. How-
ever, as péeviously described, most uses result in some deterioration in

water quality, and recirculation may eventually lead to a serious deter-

" {oration in the quality of pumped 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 years ago;

however, additional factors need to be resolved before maximum reuse is
practical on a sustained large-scale basis. '

The maximum sustained withdrawal from a ground-water basin developed
under the perennial- or augmented-yield concepts may be estimated by

multiplying the yield by a reuse factor. (For a detailed explanation, see
appendix I.) Briefly, the reuse factor is defined as 1 + I%E, where R is

the part of the water that is recirculated. These computations 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 treatment. Tables 16 and 21 indicate that about
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36 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 percentage of withdrawn water.

A recirculation of 36 percent is used for the following example; in
this case the reuse factor is about 1.6. Table 21 shows the augmented yield

for Lemmon Valley under 1971 conditions to be about 1,600 acre-feet per

year, which when multiplied by a reuse factor of 1.6, provides a maximum

sustained withdrawal, under this condition, of about 2,500 acre-feet per

S

year. 1In 1971, much of the total sewage-plant effluent was lost to evapo-

transpiration. 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 2,500 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 als§ would be the very substantial problem
of disposal of salts removed during advanced treatment, which could

adversely affect the desirability of this alternative.
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: Imported Water

As mentioned before, water has been imported to Lemmon Valley since
fhe early 1940'3. 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 alternativé 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 ére resolved. Consequently, no estimates of future quantities of
imported Truckee River water are included in this section. As of Sepfember

1971, permits had been issued by the State Engineer to pump about 600 acre-

feet per year of ground water from adjacent Cold Spring Valley for use in

Lemmon Valley. ; : :
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part of the ground—water reservoir may be pumped so intensively that a

‘1'£¥' local overdraft could develop even though augmented yield of the area had
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wells are properly spaced near areas of discharge, then natural discharge
could be salvaged with minimum water-level declines. The following para-
graphs give preliminary estimates of distributions of pumping which would

reduce the probability of local overdraft. However, local problems can be

: expected to develop in areas of compartmented valley fill where cause and

effect relations are difficult to predict.

A strategic distribution of pumping in Silver Lake subarea could be

-attained by proportioning pumping between the north and south parts of the

subarea and making sure that withdrawals were not too concentrated in any
suggested by contours
one area. The pattern of. ground-water flow / on plate 1, disposition

" of imported water listed in table 16, and estimates of ground-water evapo-

transpiration 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
Silver 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 depletion it was indicated that augmented
yield in East Lemmon subarea could be most readily salvaged by pumping in
the Central Area. However, ccnsiderable development has already occurred

therefore,
in Black Springs area and Golden Valley; /estimates for these areas are

included. The quantity 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, aﬁout ﬁalf‘;f thé'fecharge generated from the drainage areas of
Black'Springs area and Colden Valley was assumed salvable by local pumping.

The estimated recharge generated in the two tributary areas, the pattern
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' suggested by contours
. of ground-water flow / on plate 1, the distribution of imported water

listed in table 16, and estimate@ evapotranspiration of ground water shown
in table 19 suggest thaf 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 dis-
tribqted 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

: WaCet-lgvel change; resulting from the existing development have been
described in the breceding sections. ;t was pointed out that as of 1971
ché most significant water-level declines were in areas where water had
been transported away from where it was pumped.‘ Consequently, recirculated
water ﬁ;d little stabilizing effect on water levels in the pumped areas.
Water levels declined as though all pumped water were consumed, whereas at
the same time, water levels where the water was used rose in response to
induced local recharge.

If 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 6n a public sewer system and if the sewage
were to be transported to the Stead sewagéplant, the ground-water reservoir
woﬁld no longer be localiy recharged by septic-tank effluent; consequently,
some decline in ground-water levels would be expected. Ioreover, much of

the treated effluent from the Stead sewer plant is consumed by evapotran-
spiration and only part recharges the ground-water system. Thus, total

draft on the hydrologic system would be increased even though the rate of
withdrawal remained the same. 93




Future Water-Level Declines

~ One of the findings of this report is that as of 1971 no discernable
widespread &eclihe in ground-water levels had occurred due to pumpipg.
However, in the future,‘aé ﬁet pumpage approaches the augmented-yield,
either because_of increased dévelopment or increased consumption of existing
withdrawals, ground-water levels will decline as the ground-water system
aéjusts toward a new equilib;ium. Accérdiﬂglf, it would be adﬁisable to
drill ﬁew wells deep enough to allow for a reasonaﬁle amount of water-level
decline (several tens of feet) or to construct them so they may be deepenedA
in the future.

Maintaining Acceptable Water Quality

Lemmon Valley is a topographically closed basin with only a small
3 possible
amount of/subsurface outflow. Consequently, problems of maintaining satis-
factory chemical quality of pumped ground water can be expected to develop
in the future. The following paragraphs describe several patterns of develf
opmeht'whereby quality problems would be reduced.

One means of maintaining satisfactory chemical quality would be to
minimize reuse of water by limiting ground-water withdrawals to the perennial
or augmented yield. Not all water pumped would be consumed and some water 4
would Qtill drain to areas of natural discharge. If pumping were strategi-‘
cally located, much of the return flow would eventually move to areas of
natural discharge, carrying dissolved salts with it. For example, in 1971
the augmented yield for the entire valley was 1,600 acre-feet per year.

If withdrawal by pumping were to be increased to this amount and used largely
for domestic purposes only about 40 percent of the pumpage (table 16) would

be immediately consumed by evapotranspiration. The remaining 1,000 acre-

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

Salt could continue to accumulate in these areas as it had under natural

conditions. Total water supplied each year would be 900 acre—feet of

S inported vater plus 1; 600 acre—feet of pumped ground water. 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

i,_f;;; 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

"'ﬁ or below the augmented yield. 1I1f additional sites served by imported water

‘and_pumping were both strategically‘distributed, a significant increase in

: use might be realized without any‘significant deterioration in water quality.

P

The amount of increase probably would be limited by ability of the discharge

area to handle the increased drainage. Because subsurface outflow is believed

kA to be small it is doubtful whether much water of poor quality could be

drainedrin this manner. Table 9 shows that there are more than 1,200 acres

of playa in thevlow 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 evapo-

'ration, 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.
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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 quality 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 year (900 acre-feet
per year imported water and about 4,500 acre-feet per year pumpage, p. 7).
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 quality, salts removed by treatment
would have to be disposed of, pumping would have to be strategically dis-
tributed so that necessary recycling would occur in spite of barriers, and
techniques would have to be devised to recharge treated effluent to the
ground-water reservoir. Thus, substantial reuse of water would be an
efficient but costly alternative.

Still another alternative would be to import water, combine imported

sustained
water with ground water withdrawn at the maximum possible/rate, and maintain
highly
a satisfactory chemical quality by exporting/treated effluent back to the

Truckee River @i utmiiSeotErNUDEpuISNDINNNS- 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 helping to reduce the net loss to the Truckee River system.
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There would be some reduction in chemical quality of the return flow but
probabl?lnot 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
exportvfacilities, andiof treating and pumping effluent out of the area.
Table 23 summarizes the preceding alternative in terms of estimates
of imported water, ground-water pumpage, consumption, recycled water,
return flow to the Truckee River system, and estimated population 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 i&ported watér given in table 16. Estimates 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 impgrted water would have to be strategically located with respect
to the hydrologic system. Table 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 diversionAof.only 900 acre-feet per year.
Examples of possible schemes of future development listed in the pre-
ceding 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 considerations and that any plan for
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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 year]

Net
Return diversion
flow to from
Truckee Truckee
Imported Ground- River River Estimated
water + water = Water + Amount_ + system system population
(1) pumpagel/ Total consumed recycledgl (2) (1)-(2) served3/
1,300 1,900 3,200 1,300 600 1,300 0 14,000
3,100 2,400 5,500 2,200 1,100 2,200 a 900 24,000
5,300 2,900 8,200 3,300 1,600 3,300 2,000 36,000
1. Pumpage at maximum sustained rate permitted by augmented yield and reuse factor.

2‘

ground-water pumpage (25 percent of pumpage).

Approximate net diversion in 1971.

Based on per-capita withdrawal of 200 gpd.
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o future development should take both into consideration. Implementation of
’.77';:31 any specific scheme of development will also be hampered by the fault
: barriers and compartments identified in this study and probably by additional

-

ones that 9111 be discovered as development proceeds. Any valley—wide plan

“.-for substantial grounddwater development would have to take these geologic

€%

' constraints into account.

>

;;j. Ea s :'-'7 Temporary Ground-water Storage

Figure 10 showed that demand for water during summer months greatly

2 exceeded the demand during winter months. In the event increased import

“'-4g.§fo of Truckee_River vater“werevfeasible, the potential population served

Ef'f;f;, ;*;b;ld he limited hj abilitv ot the pipeline to supply peah demands. If &

: ”i{‘adequate'storage were availahle, water imported during periods of low

.i:j:f5: ‘demand could be temporarily stored and then used to meet peak demands
'.during the summer. Storage could bekaccomplished by constructing a surface
5 reservoir, however, another‘alternative would be to temporarily store.

{ui.imported water in the‘ground—water reservoir. For example, if water

"?:imported and.not used'during winter months were injected into large—capacity

f_i ;1-;'f§e11§, such as wells 21/19-18chdd_ orAwell 2l/19-19bacc, then these same

2 rfr.vells could be pumped during summer months to meet peakldemands. Additional_

::‘1{_,A : testing ﬁould_be‘required to evaluate the feasibility of this alternative.




NUMBERING SYSTEM 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, respectively. For example, well 21/19-15bbbb is the well recorded
in the NWYNW%ZNWLNW% section 15, T. 21 N., R. 19 E., Mount Diablo base line
and meridian. Township and range numbers are shown along the mafgins of
the area on plate 1.

Because of limitation of space, wells and springs are identified on

plate 1 only by section number, and quarter section and 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.S. Geological Survey test wells

in Lemmon Valley.
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Table 25--Approximate location, altitude, and depth to water of

as

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
21/19-31lcdcl 4,967.15 7.00 4,960.15
=-31lcdc2 4,961.91 2.70 4,959.21
-31dbcl 4,970.72 13.45 4,957.27
=31dbe2 4,969.,02 15.83 4,953.19
~32cdb 4,986.61 22,00 4,964.61
-33ccc 4,968.02 17.60 4,950.42
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seep from Anderson's
Springs above WPRR tracks 5

Shale, gray, some water

73
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- Table 26.--Selected drillers' logs of wells
Thick~- Thick~-
Material ness Depth Material ness Depth
(feet) (feet) (feet) (feet)
20/18-1dccd 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, vcry
Clay 9 119 little water 7 80
Water gravel 19 138 sand, fine to medium,
Clay, sandy, and small , with yellow 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 20/18-12abcc
20/18-2dddd Soil, black loam 10 10
- Clay, yellow 9 19
Topsoil and rock 6 6 Gravel strata with vater,
Boulders and clay 108 114 rocks, sandy yellow
Clay and broken rock 56 170 clay mixed 21 40
Clay, yellow, sand and
20/18-11aadd small rocks 13 53
Rocks, coarse sand and Clay, yellow, with sand 9 6%
gravel with soil 8 g Rocks and sand 2 éq
Clay, yellow with coarse Clay, yellow, with sand 4 68
sand and gravel, rock, Rocks and sand . % 63
hard. First water. Clay silt formation 5 74
Water level 6 ft 8 inches. Sand "and gravel 3 79
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, weatherod, 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, sanly 8 128
23 feet. Very little Sand and rock, water-
water S 68 bearing 14 142
Clay, yellow with fine to Sa~dstone 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 22 200
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. Table 26.—Selected drillers' logs of wells (continued)

o Thick- Thick- |
. -... .7 Materialr - ness  Depth Material ness Depth
- - Ao (feet) (feet) ' (feet) (feet)
i . 20/19-3bcab : . 20/19-8bcba (continued)
.~ - .Topsoil, water-bearing 36 36 Clay, red, with fine to
;" Gravel . 24 60 coarse sand and gravel. _
‘- 7" 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
Z'f' " Granite, decomposed, . water 3 75
Lol water-bearing : 26 110 Clay, red, with medium ‘
i ' Granite, decomposed 146 "~ 256 to coarse sand and
i - - Granite, decomposed, with gravel. Soft. Fourth
‘. water-bearing strata 80 336 water. Water level
P Akxicranite o ~ -39 o 375 57 feet 6 inches. Little
S o ‘»77"f I .. water’ 10 85
b 20/19-4bdab AR .Clay, red, with medium to
| i'f:' prSOii, sandy - 7 22 22 h co;rse ;igdhand gravel,
(7. Clay, sandy, hard 19 41 ;o t',1 ; Sgager.
';‘l"ﬂClay, sandy 31 72 ater leve eet
o : 6 inches. Little water 15 100
ST Clay, sandy, and rock 26 98 c1 d. with medi
7"  Granite to hard granite 16 114 ay, red, w medlum to
5 - S - o coarse sand and gravel,
: ’ o o soft. Sixth water.
4 29[52:32935 o : o 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
, .. Bock, hard, with fractures 108 29§ Soil e 9
- : . . Clay and rock " 54 56
© 20/19-8bcba | clay 2 58
' Clay, sticky, red, with Clay and rock 22 80
P . fine to coarse sand © ' Sand 4 84
b and gravel 35 35 Clay and boulders 28 112
-~ .- Clay, red, with fine to Sand A ) 6 118
- coarse sand and gravel, Clay and rock 62 180
few stones, soft and Sand 7 187
: solid 24 59 Clay and rock 35 222
- *  Sand, medium to coarse, Sand 6 228
e large gravel, stony, Clay and rock 34 262
-loose. First water. Sand ' 4 266
~ Water level 45 feet 3 62 Clay [ 271
N " Clay, red, with fine to ' Sand . 7 278
A coarse sand and gravel 2 64 cClay and rock 6 284
," . Sand, medium to coarse, Sand and boulders 8 292
o . and large gravel, loose. ‘ X ‘ .

Second water. Little
water 2 66
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- Table 2¢.—Selected drillers' logs of wells (continued)
Thick- Thick-
Material ness Depth Material ness Depth
(feet) (feet) (feet) (feet)
20/15-8ddbd 20/19-10aaacl
Clay, yellow, soft 38 38 Soil 3 3
Sand and gravel, fine to Granite, decomposed, and
coarse, with clay. clay 79 82
First water, water Granite, decomposed 6 88
level 22 feet 7 45 Sand, dry 1 89
Clay, yellow 5 50 Granite, decomposed, hard 29 118
i Sand and gravel, fine to Granite, decomposed, and
‘ coarse, with clay, , sand 2 120
l stony. Second water,
5 , water level 24 feet 5 55 20/19-1llcdab
% Clay, yellow ] 10 65 Soil 2 2
| Sand and gravel, fine to Cla 73 75
j coarse, with clay. y
; Sand 2 17
Third water 7 72
Clay, yellow 14 91
Clay, yellow 5 77
. Granite, decomposed 4 95
: Sand and gravel, fine to
. Clay, yellow 13 108
; coarse, with clay.
Sand, hard 7 115
Fourth water 13 90
" Boulders and clay 3 118
Jlay, yellow 5 95 Cla 2 120
.8and 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, yellow, 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
j Clay, yellow, hard and Clay, yellow, hard, with
, sticky 30 145 gravel to % inch mixed 11 43
i Sand and gravel, fine to Clay, yellow, 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
f Sand and gravel, fine to Sand, coarse, with small
; coarse, loose. Eighth gravel to % inch 2 . 88
! water 2 187 Granite, weathered,
g becoming harder 2 90
i
i
{




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

Thick~ Thick-
Material ness Depth Material ness Depth
(feet) (feet) ) (feet) (feet)
20/19-15aaca 21/18-25bbbc
Granite, broken 3 3  Topsoil 1 1
Granite, gray 52 355 Clay 79 80
Basalt, black 17 72 sand, coarse to fine,
Clay seam 8 80 water 13 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
Clay crevice, sandy 5 150  Gravel, medium, main
Granite, gray, hard 32 182 water 10 173
Clay, brown 2 175
20/19-15bcdc
Topsoil 4 4 21/18-26aadb
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 75
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 coarse witu
Clay, sandy 82 94 blue clay, a l}ttle
Sand 1 95 gravel. Fourth water,
Clay, sandy 33 128 water level 64 fect
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 mica. Seventh
_water 10 160
Sand, fine to coarse, a
little gravel with blue
121 clay, fine mica. WYater 10 170
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. - Table 26 .—Selected drillers' logs of wells (continued)
t Thick- ’ Thick-
: Material ness Depth Material ness Depth
¢ (feet) (feet) (feet) (feet)
21/18-36¢ccda 21/19-15cbad (continued)
H
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
; cLay, brwe lo 95 Clay, sandy o1 16
? Sand, fine with blue Sand 8 24
: clay formation 15 110 Clay, dry 6 30
Clay, blue 5 115 Sand 40 70
Clay 20 90
Sand 20 110
. 21/19-5aad Sand and clay lense 135 245
Soil, sandy loam 2 2 Sand 15 260
Granite sand, fine Clay, sandy 45 305
mixed with a little Sand 15 320
yellow clay 30 32 Clay, sandy 20 340
‘ - Clay, yellow with sand 138 170 Sand 20 360
Gravel strata (seepage Clay, sandy 45 405
water 6 inches) at Clay 10 415
170 feet. Yellow clay Sand and "pea" gravel 45 460
with dand. Gravel ) Clay 5 465
strata (seepage water = Sand, coarse 20 485
at 292 feet) 122 292  Clay, sandy 30 515
Clay, yellow with sand 8 300 Sand and "pea" gravel 100 615
Sand gravel strata, v Clay 12 627
black, almost like Sand and "pea" gravel 213 840
the Truckee River sand 300
21/19-21dacd
21/19-15bcdb Clay 12 12
Clay, sandy 140 140  Gravel and clay streaks 26 38
Sand, loose 6 146  Cobbles and clay 6 44
Clay, sandy - 52 198 Clay 7 51
Rock, yellow, hard 7 ~ 205 sand 2 53
Rock, white, soft 15 220 Clay 12 65
Crevice 2 222 Gravel 2 67
Rock, hard 6 228 Clay i 45 112
Crevice 1 229  Clay with thin layer of
Rock, solid 11 240 sand 91 = 203
' - Sand rock 72 275
21/19-15¢cbad 4 ©
~ 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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‘i Table 26}——Se1ected drillers® logs of wells (continued)

- Thick- o . : Thick-
Material : ' ness Depth Material ’ ness Depth
N . . (feet) (feet) (feet) (feet)

j 21/19-22bcdc . 21/19-30ddda (continued)

- Clay o 16 . 16 Clay, hard streaks 14 282
Sand oo Y 17 Granite, tight, medium-

.7 Clay D 20 hard . 34 316
. S nd . - . .3 23  Cemented, hard 18 334
- Clay o - .17 40 Gravel, fair 3 . 337
. Sand ‘ L 2 42 Clay, tough 8 345

.- Clay = 34 - 76  Gravel, fair 3 348

- ._" Sand and clay layers 36 112 clay, tough 8 356

" Clay e 55 - 167 Gravel, no good 7 363
. Sand ’ - 8 175 cClay, tough ’ - 14 377
- Sand, gravel, and clay Gravel, fair condition 10 387

. -+ . layers : . 17 192 Clay, 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

. €lay, sticky, hard 10 390 Gravel, cemented 418-420 9 427
.Sand o 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

o S Ce Gravel and clay streaks, .

" 21/19-23adbb ) blue clay 20 482
_sand, loose 14 14 Gravel, lqose 8 492
"Sand and clay ' 46 60 Clay 10 - 30
Sand coarse 10 70 Gravel, hard streaks 6 506
: Gravel, loose 10 516
Clay, sandy : 13 83 c 1. tigh di 10 526
Sand and gravel 12 95 ravel, tight, medium

Shale 5 531

Clay, sandy - , 15 110
Sand, coarse 18 128 Gravel, hard streaks 25 556
Clay ’ ‘ "2 130 Gravel, loose 5 561
. , T L . Gravel and clay streaks 10 571
‘Shale, clay 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 o 11 156 Gravel and clay S 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

: 5 706

. Medium hard =~ 5 268 Clay
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Table 26 .—Selected drillers' logs of wells (continued)

Thick- . Thick-
Material ness Depth Material ness Depth
: (feet) (feet) (feet) (feet)
21/19-31cccc 21/19-31lcccc (continued)
Clay, sandy 22 22 Shale, medium hard 20 985
Clay, sticky . 24 46  Gravel, loose ' 11 996
Clay, brittle (ash) 2 48 OGravel, tight 7 1,003
Clay, sticky 53 101 Clay 2 1,005
Clay, blue, tough 51 152 GCravel, loose 15 1,020
Clay with brittle streaks Clay, tough 35 1,055
of clay 84 236  Shale, hard 115 1,170
Clay, tough, with soft
spots 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  Clay, brown 13 42
Clay, soft 50 449  sand and clay layers 24 66
Granite sand, loose, not Clay 4 70
good aquifer 18 467 Sand 2 72
Clay 3 470 Clay ’ 18 90
sand and gravel, loose 17 487 Clay, gray, soft 22 112
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  sand and clay streaks 10 202
Clay, hard 53 603  Clay, brown 14 216
Gravel, loose 24 627 Sand with thin clay layers 32 248
Clay, firm 1n 638  clay, brown, sticky A 252
Gravel, small and fair Sand and gravel 16 268
condition 12 650  sand, gravel, and clay
Clay 44 694 streaks 29 297
Clay, brittle (shale in Clay 7 304
clay) 10 704  sand and clay streaks 78 382
Clay 20 724  cobbles 1 383
Sand and gravel, loose 52 776  sand, gravel, and clay
Clay 1 783 streaks 29 412
sand and gravel, loose 18 801 Boulders 2 414
Clay, tough 5 806 sand, gravel, and clay
Clay, medium hard 44 850 streaks 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 28 965 Clay, yellow ' 100 180
Clay, blue : 85 265
124
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Table 26.—Selected drillers' logs of wells (continued)

124

Thick- . Thick-
Material ness Depth Material ness Depth
(feet) (feet) (feet) (feet)
21/19-31lccce 21/19-31cccc (continued)
Clay, sandy 22 22 Shale, medium hard 20 985
Clay, sticky |, 24 46 Gravel, loose 11 996
Clay, brittle (ash) 2 48  Gravel, tight 7 1,003
Clay, sticky 53 101  Clay 2 1,005
Clay, blue, tough 51 152 Gravel, loose 15 1,020
Clay with brittle streaks Clay, tough 35 1,055
of clay 84 236 Shale, hard 115 1,170
Clay, tough, with soft
spots 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  gsand 1 29
Clay, brittle (soft shale) 7 399 Clay, brown 13 42
Clay, soft 50 449 sand 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 22 112
Clay 19 306 ciay, brown, sticky 45 157
Sand 4 5310 sand and clay layers 23 180
Clay, hard 20 330 clay, light gray 12 192
Clay, soft 20 550 sand and clay streaks 10 202
Clay, hard 33 603 clay, brown 14 216
Gravel, loose 24 627  sand with thin clay layers 32 248
Clay, firm 11 638  Clay, brown, sticky 4 252
Gravel, small and fair : Sand and gravel 16 268
condition 12 650  sand, gravel, and clay
Clay 44 694 streaks 29 297
Clay, brittle (shale in Clay 7 304
clay) 10 704 sand 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  poulders 2 414
Clay, tough : 5 806  sand, gravel, and clay
Clay, medium hard 44 850 streaks 41 455
Clay, sandy, soft 18 868 Granite 3 458
Clay with some sand
streaks 20 888  22/19-18dd
Clay 26 914 T :
Gravel, loose 8 922 Soil, sandy loam ' 3 3
Clay 8 930 Sand mixed with yellow
" Gravel, loose 7 937 clay 17 80
- Clay 28 965 Clay, yellow 100 180
Clay, blue 85 265




. -~ Table 27 .--Generalized logs of U.S. Geological Survey test vells
apr
. (Numbers in parentheses are U.S. Geological Survev field numbers)
L Thick- Thick-
: Material ness Depth Material ness Depth
: (feet) (feet) (feet) (feet)
v
H 20/19-5bbab (14) 21/19-20dbda (5)
g Silt 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 27 Sand and clay 35 72
Sand and gravel 5 77
20/19-6aabc (8) Sand, clayey 10 87
Topsoil and gravel 7 7 21/19-21dcdb (21)
Sand, clayey, some Sand. tan 7 7
9
- gravel 20 27 Sand and gravel, tan 29 27
Sand 10 37
391;2:29223-(27) Sand, cemented with
Gravel and sand 7 7 clay 9 46
. Siit and clay, red- Sand and clay 6 52
brown, drilling Clay, sandv, drillirg
cased at 15 feet 15 22 cased at 68 feet 2C 72
Sand and clay, red- Clay, sandv, and sand,
brown 20 42 red 5 77
w&(e{&‘:“
21/18-36addbl (2) 21/19-22bdabl (1) v~
Clay and silt, dry 6 6 Clay, dry 16 10
Sand, damp, wet at Clay, damp 15 25
12 feet 14 20 gand and clay, inter-.
Clay, brown 85 105 becded 125 150
21/18-36addb2 (3) 21/19-22badb2 (19)
-36a
Clay, dry 7 7
Silt 8 8 Clay, damp : 15 22
Sand 3.5 13.5 Clay and sand 4 26
21/19-19cada (6) 21/19-24abce (24)
Silt and sand, drilling Sand, silty, tan 40 40
cased at 10 feet 10 10 Gravel 1 41
Silt, sand, some gravel 1 11 Clay, sandv, dark brown 19 60
Sand and clay, inter- Rock , A 1 61
bedded ' 31 42 Clay, sandy, brown 14 - 75
s y S . S Gravel, rock at 80 feet,
‘ 21/19-20bdcd (4) ) ’ dry hole 5 80
‘ o Sand, some silt, hard ' - .
drilling , o0 32 32
Sand and silt ' 15 47
Clay and sand, soft

dri{lling at 50 feet 20 67
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Thick- Thick-
Material ness Depth Material ness Depth
(feet) (feet) (feet) (feet)
v
21/19-26cccd (26a and b) 21/19-28cbecc  (11) \,ufie
Silt and clay, tan 12 12 Sand, clay, and silt 7 7 ‘“"S“i)
Silt and clay, sandy 5 17 Clay, sardy, brcwn 15 22
Sand and silt, grayish- Sand and clay, light
tan, interbedded 45 62 trcwn 15 37
Clay, sandy 15 52
21/19-27bcbc (18) Sand 1 53
Clay, silty, brown 27 27
Clay, silty, tanish- 21/19-29caab (13)
green 10 37 Silt and clay, sore
Clay, blue-gray 2C 57 sand 7 7
Clay, greenish-gray 20 77 Clay, brown, sandy,
Clay, red, tight, some gravel 5 12
sticky 8 85 Clay, sandy, brown 30 42
21/19-27dcaa (17) 21/19-29daab (12)
silt, clayey, brown 17 17 Clay, sandy, Erown 7 7
€i1t, 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 2
Silt and clay, tarn 17 17 Clay, diilling cased
at 70 feet 8 70
Clay, brewr. 20 37 Sand and cle 14 84
Clay, gray-green 5 42 -y
Clay, gray-brown 8 SC 21/19-30cacb  (7)
21/19-28bada (10) Silt, sand, and clay 12 12
sand 7 7 Sand apd qlay 10 22
Clay, sandy, browr 10 17 oL
Clay, sandy, light 21/19-32acaa (25)
brown 5 22 Sand, tan 7 17
Clay, sandy, tan 20 42 Sand, brown, clzyey s a2
Clay, silty 3¢ 72 Sand, silty, brown 28 60
Clay 7 79 Sand, red 2 62
- Sand 3 2 .
‘ 21/19-32baad  (23)

_ 21['19—286.363 (9) ) Sand 17 17
silt ard clay, brown 17 17 Sand "and gravel 15 32
Clay, brown 28 45 Sand and large gravel 5 37
Clay, gray 7 52 Sand, darp 1c 47

, Clay, sandy, drilling
at 47 feel 17 64




S . Thick-
.. "Materifal ness Depth
LR T - (feet) (feet)

S o7 21/19-32ddbd (15)

5Q;f?'_ .7€”Ciay'and silt 6 6
. .. .. Cravel - 1 - 7
.-~ . Clay, sandy . 30 7

500 21/19-33¢cbe  (16)

0 . ‘soil, sandy
..~ .. Clay, sandy

L
)
)

o

- 21/19-3badb  (20)
| i'CIayo.811ty; and sand

g -~ Clay, silty, brown
# -7 . .. '8ilt, clay, and sand

g -Clay, brown, silty 1
. ..+ ‘Clay, gray-green

.
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APPENDIX I .

This appendix presents 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 year for an indefinite
period of time. Générally, only part of the water pumped is consumed in

use; the remainder may be returned to the ground-water reservoir and is

~available for reuse. However, most uses result in some deterioration in

water quality, and recirculation eventually leads to a deterioration in
Quality 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 treat-
ment. This appendix develops a method of estimating the maximum rate at
‘vhich water‘(including recirculated water) might be withdrawn from a ground-
water reservoir without exceeding the perennial yield.

The following terms and symbols are used:

PY=perennial yield

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

Quax®maximum annual rate of withdrawal without exceeding
perennial yield

F=a reuse factor

C=part of withdrawn water that is consumed, expressed as a
decimal fraction.
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When water is used, a certain part, R, is not consunet énd
retums to the ground-water system. If the quantity withdrawn equéls
the perennial yield, the amount returned to the g;ound—water system
equals R(PY). When the quantity R(PY) is withdrawn for reuse, the
amount returned equals omnly RZ(PY). When the quantity R2 (PY) is
withdrawn to be used a third time the amount returned is only equal to
R3(PY). This process can continue indefinitely with an ever smaller
quantity of return flow available for reuse. The maximum possible
rate of sustained pumping should equal the perennial yield plus the.
total quantity of return flow. This relation may be stated mathe-
matically as follows: |

Quax = PY + R(PY) + RZ(PY) + R3(PY) + . . . . . R (PY).
This simplifies to:

Qpax = PY(1 + R+ RZ+R¥+ . . .. .R).

However, R + RZ+R3I+.. ... R? is a geometrical progression whose

sum equals I-R"
: : : R
Therefore: Qp,, = PY (1 + 1= R). )
Lf the following substitution is made: F =1+ =g
then Quax = F (PY). o ' - )

1f it is desired to use coﬁsumption instead of recirculation,

1 - C = R may be substituted in equation (1) which then simplifies to:

PY
Qmax * ¢
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Equation 2 is a simplified form of equation 1 designed to be used

with figure Al-l1. Figure Al-1 shows the relation between the part of withdrawn

Figure Al-l.--following here

water that is recirculated, R, and the reuse factor, F. For example,

if a basin is to be developed for agricultural 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 éf;
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 year. If the same basin were developed for muniéipal purposes,
perhaps 60 percent oé the withdrawn water would be recirculated (this
assumes that sewage could be satisfactorily treated and the effluent
returned to the ground-water system). In this case, the reuse factor

is 2.5, and the maximum sustained Qithdfawal would be about 2,500

acre-feet per year;'

The relation shown in figure Al-1 has a limitAin practical application;
The mathematically computed reuse factor approéches infinity as thé
percentage of recirculated water approaches 100.‘ In'actuality, time
lag and local overdraft wouléjprevenf the theoretically possible reuse
from being attained under coh&itions of high recirculation. The limit
of practical application is not known, but effective application abové‘

80 percent recirculation is doubtful.
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APPENDIX I
This appendix describes a method of evaluating the net diversion from

the Truckee River system, if imported water were used conjunctively with
ground water and if treated sewage effluent were returned to the Truckee
River system. In this situation, water imported into Lemmon Valley would
be supplemented by ground water, pumped at the maximum possible sustained
rate, to provide the water supply for the area.~ A single sewer system
would serve the entire area. Part of the total water supplied would flow
sewage~-treatment
to the / plant, be treated, and returned to the Truckee River system.
The remaining part of the water supplied would be used outside of houses,
primarily to irrigate lawns, part of which would infiltrate to recharge
imported water
the ground-water system. Recharge from/would augment the perennial yield.
Ground water would be withdrawn from the valley-fill reservoir at tﬁe
maximum sustained rate permitted by the-augmented yield and the amount of
recirculation.
The following terms are used:
‘fl:i = imported water
E = Exported water

PY = Perennial yield

R = part of imported plus pumped water that is recirculated,
expressed as a decimal fraction

¢ = part of imported plus pumped water that is consumed,
expressed as a dec imal fraction

ND = Net diversion from the Truckee River system; also
equals I - E

" AY = Augmented yield = PY + RI

F = Reuse factor for recirculation of R (see Appendix I)

Qnax = Maximum possible sustained rate of ground-water pumpage
equals: '
F(PY + R1); (see Appendix I)

S = part of imported plus pumped water that is exported,
exnressed as a decinal fraction. :
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To: RVANHOOZ@WASHOE

Copies-to: JimHarrill@aol.com

Date-posted: 10-Feb-99 10:00:39

Sender: JimHarrill@aol.com (JimHarrill)
Date: 10-Feb-99 12:51:55 -0500

From: JimHarrill@aol.com (JimHarrill)
Subject: Re: Lemmon Valley Model
O-SMTP-Envelope-From: <JimHarrill@aol.com>

Randy -- The working copies of the well logs that were used in the Lemmon
Valley report should be stored in the USGS data files for the Lemmon Valley
Hydrographic Area. Hopefully they have all survived, however there is a
chance that some data may have been lost over the years.

The logs documented in table 26 are "cleaned and edited" versions of drillers
logs obtained from the State Engineer. If copies are not in the USGS Lemmon
Valley file there are two options 1) the USGS has a duplicate set of the State
Engineer's Logs and 2) you can go the to state and and pull them again if
needed.

The logs documented in table 27 are test wells augered by the USGS. They are
not on file at the State Engineer's office but the original field notes should
be on file at the USGS. If they are gone then the only backup is the
information published in table 27.

The original field schedules for the measurements reported in table 24 should
be on file at the USGS. The location descriptions that I made at that time
were not as complete as those made for later projects (learned the hard way
when I tried to revisit sites after the memory got fuzzy), however the
descriptions should be of some help and it would be good to know the measuring
points and assigned heights used for the early measurements.

Am looking forward to working with you. Call or email if you have any
questions.

Regards =-- Jim
Harrill
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for the return of this material. Thank vou.
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Radio Tower Well

Off Chickadee
HOC (ft): 0.66
Elevation; 4980.37
4979.71
DATE READING WATER LEVEL WATER
(feet below ground) ELEVATION
04/07/92 97.19 96.53 4883.18
05/12/92 102.00 101.34 4878.37
06/08/92 98.00 97.34 4882.37
07/09/92 98.40 97.74 4881.97
08/11/92 97.73 97.07 4882.64
09/14/92 97.93 97.27 4882.44
10/26/92 98.06 97.40 4882.31
12/01/92 98.13 97.47 4882.24
01/26/93 98.51 97.85 4881.86
02/25/93 98.63 97.97 4881.74
05/05/93 98.83 98.17 4881.54
06/09/93 99.02 98.36 4881.35
07/21/93 99.26 98.60 4881.11
09/07/93 99.90 99.24 4880.47
10/11/93 99.60 98.94 4880.77
11/18/93 99.81 99.15 4880.56
12/29/93 99.90 99.24 4880.47
01/25/94 100.56 99.90 4879.81
02/25/94 100.25 99.59 4880.12
03/28/94 100.36 99.70 4880.01
04/29/94 100.50 99.84 4879.87
05/25/94 100.56 99.90 4879.81
06/30/94 100.76 100.10 4879.61
07/27/94 100.90 100.24 4879.47
08/25/94 100.98 100.32 4879.39
09/29/94 101.23 100.57 4879.14
10/24/94 101.33 100.67 4879.04
11/29/94 101.54 100.88 4878.83
12/22/94 101.61 100.95 4878.76
01/27/95 101.72 101.06 4878.65
02/24/95 101.75 101.09 4878.62
03/31/95 101.92 101.26 4878.45
05/12/95 102.04 101.38 4878.33
06/09/95 102.24 101.58 4878.13
07/14/95 102.30 101.64 4878.07
08/09/95 102.42 101.76 4877.95
10/05/95 102.72 102.06 4877.65
02/14/96 103.23 102.59 4877.12
04/09/96 103.22 103.56 4876.15

05/31/96 103.65 102.99 4876.72



08/01/96
10/15/96
12/04/96
02/13/97
04/24/97
05/20/97

103.81
104.07
104.25
104.64
104.82
104.81

103.15
103.41
103.59
103.98
104.16
104.15

4876.56
4876.30
4876.12
4875.73
4875.55
4875.56



APN: 80-710-11

top of well

COMMEMTS

measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with steel tape
measured with Solinst 09870
measured with Solinst 09870
measured with Solinst 09870
measured with Solinst 09870
measured with Solinst 09870
measured with Solinst 09870
measured with Solinst 09870
measured with Solinst 09870
measured with Solinst 09870
measured with Solinst 09870
measured with Solinst 09870
measured with Waterline 300
measured with Waterline 300
measured with Waterline 500
measured with Waterline 300
measured with Waterline 300
measured with Waterline 300
measured with Waterline 300
measured with Waterline 300
measured with Waterline 300
measured with steel tape
measured with steel tape



