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Mr. Robert E. Firth
lllanager, Gas and Water

Pl;hning and Engineering
Sierra Pacific Posrer Company
Post Office Box 10100
Reno, Nevada 89520

Dear l,Ir. Firth:
Our report on ground,-water availability in the South

Truckee Meadows area is attached. Results of the study
indicate there is ground water available in the South
Truckee t'teadows area to help supply the water demand in
the Company's Service area

We wish to express our appreciation to you.and Messrs.
Bert Borda, P.E. and Richard D. I'toser, P.E. for the cooper-
ation and assistance pro.vid,ed. us during this study.

If you or others with the Company have any questions
concerning our report, please do no.t hesitate to let us know
and we shall try to anstter them.
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PRINCIPAL CONCLUSIONS

The principal water-bearing formations in the south
Truckee Meadows area are the younger and older alluvium
above the Truckee formation. The alluvium is screened

in pubric supply werls in the area to depths that range

from aboutrl_o._Q-to 643 feet.

Pumpage of ground water in the south Truckee Meadows t

area is estimated to average about 3 million garlons 2>:.(: t

per day (mgd). About 1.5 mgd of this total is estimared

to be pumped for public supply. The remainder is pumped

for irrigation and domestic and stock use.

3. The static water level in the companyrs south virginia
Street WeIl has declined only a few feet in the past

16 years, while pumpage from the well from L97L through

1984 has averaged about 0.6 mgd. The static water-lever
decline in the Company's Delucchi Lane Well has been

about 11 feet or less in the past 12 years while pumpage

from the well has averaged about 0.22 mgd. The small

arnounts of static water-level decline in the South Vir-
ginia Street Well and DeLucchi Lane Well may be partly
due to the shallow cones of depression caused by punping

the wells having intercepted some natural discharge from

the aquifer and/or having induced additional recharge to

enter the aquifer.
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4. Available results of pumping tests show values of trans-
missivity for the water-bearing alluvium screened by

wells in the study area ranging from 6,900 to 24,700
gallons per day per foot. The data also show that the
higher values of transmissivity generarly are for wells
located in the area where some

younger alluvium is screened in the wells.

rt should be expected that the yields of future wells
will vary roughly in direct proportion to the transmis-
sivity of the water-bearing material screened by the welr.
The specific capacities of welrs for which data are avail-
able in the south Truckee lr{eadows area range f rom 1. I to
27.2 galrons per minute per foot of drawdorrrn. The ptrbiic
supply wells Located in the northern part of the study
area generalry have higher specific capacities than other
wells located in the study area.

The natural recharge to and discharge from the water-
bearing materiars in the souch Truckee I'leadows area are

estimated to average about 8,200 to 10ro0o or more acre-
feet per year. A majority of the recharge is believed
to be attributable to deep percolation of water applied
for irrigation and the leakage of water from irrigation
ditches in the area. Thusr ES irrigated acreage in the
area declines, a significant source of recharge wirr be

reduced. This reduction, however, should be partially

5.
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offset when pumping increases and the resurti-ng water-.

level declines induce additional recharge where warer l

is presently now being rejected, and intercept natural
discharge which now occurs in the form of seepage into
drains and transpiration by prants and, evaporation where

the water table is at or near land surface.

7. Generally, dissorved solids in water from werls in the

western part of the study area are low and total hardness

ranges from moderate to high.

water samples obtained from water-bearing materiars
below the depth of abo*qt-_!!0 feer in test holes drilted
at the sites of the company's south virginia street and

Delucchi Lane wells contained manganese concentratj,ons

which exceed the maximum reconunended level in water for
ptrblic suppry. These welrs are in the northwestern part
of the area and it is unknown whether this condition is
prevalent in the western part of the area.

Available data show that dissolved solids in water from

wells in the eastern part of the area are relatively hlgh

and the dissolved solids in water from some of the wells

would be unacceptable for public supply. The data also

show that the arsenic in water from some of the wells

and test holes in the eastern part of the area exceeds

the maximum concentration allowed for public supply.
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9.

It is estimated that a few to possibly 5 or 7 mgd of
additional ground water can be developed from welrs

drilled in the South Truckee lr{eadows area. It also
is estimated that there is about 24oro0o acre-feec of
good quality water in storage in the general area con-

sidered for test hole drilling.

The yields of wells drilled at sites with favorable
test hole results probably will range from about 400

to 1,000 gallons per mj.nute (gpm). Very favorable

conditions will have to be encountered to obtain a

yield of 1,000 gpm from a well.

Test hole drilling and water sampling are needed to
locate sites with sufficient thicknesses of water-

bearing materials that contain water of suitable qual-

ity for the construction of e large-capacity public

supply well. At'present it is estimated that test
holes should be drilled to a depth of about 500 to

500 feet. Tentative sites for test holes are shown

on Figure 7. Preliminary cost estimates for each 600-

foot test hole including four water samples range from

about,$45,000.00 to S?0,"090.Pf .

L ylir. Y S1* f 
;.

Pilot production wells or production wells should be

constructed at the test hole sites where favorable aquifer

conditions are encountered. At present it is estimated

10.
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the depth of the wells could range from about 250 to

500 feet. The wells should be gravel-walr type werls,
constructed with quality materials, and thoroughly
developed to obtain the optimum yierd with the mj.nimum

practicable amount of 'sand in the produced hrater.
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INTRODUCTION

This report presents the results of a study of ground-

water conditions and availability in the South Truckee l4eadows

area. For this study, the South Truckee l,Ieadows area is.de-
fined as that part of Truckee. l'lead,ows extending from the north

edge of Huffaker Hills to Steamboat Hills at the south end of
Truckee Meadows. Previous studies of ground-water conditions

in Truckee Meadows have been performed by this firm but the

emphasis of those studies was on the part of Truckee lleadows

which is located west and north of Huffaker Hi1ls. The study

area fo: this report is shown on Figure 1.

The purpose of the study has been to determine, insofar
as possible w.ith available data, general areas where ground

water might be developed, in the South Truckee Meadows area to

supply municipal needs in the Companyrs service area and the

amounts that might be available

This report presents information on the quantity and

quality of water obtained, from wells and on the yields and

specific capacities of wells in the area of study. Data fbr. '

'

the study werd obtained from Sierra Pacific Power Company,

governmental agencies, well drillersr dnd, well owners. The

work that was performed for this study includes:

1. Compilation and review of available prrblished
and unprrblished reports on the geology and

,. hydrology of the area in the files of Sierra
pacific Power Company' governmental agencies,
and our firm.
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2. Compilation of records of large-capacity wells
and selected small-capacity wells in the area
from the filtis and reports of the Nevada State
Engineer, the U. S. Geological Survey, Sierra' Pacific Power Company, and our firm

3. A reconnaissance of the study area to locate
new large-capacity wells and to obtain data for
those wells for which data were not available
from the above sources. Water samples r{ere co1-
1ectedfromselectedwel1sforchemicalanalysis

4. Collectj.on and study of drillers, Iogs and elec-
tric logs for water wells and, test holes d,rilled
in and near the study area

5. Conpilation and review of available records of
water-IeveI data for wells measured by personnel
of Sierra Pacific Power Company.and, Washoe County.

6. Compilation of chemical analyses of water samples
from wells in and near the study area from the files
of the Nevada Division of Health, the U. S. Geolog-
ical Survey, Sierra Pacific Power Company, and our
firm. Results of chemical analyses of water samples
collected during the present study are includ.ed.

: 7. Preparation of this report
. A substantial part of the data for the northern part of

the study area $ras compiled by Mr. Richard D. Moser and others

of Sierra Pacific Power Company and their cooperation and assist-
ance .is gratefully acknowledged. Water Resources-Reconnaissance

Series Report 57r: 'f,i1 Brief Water Resources Appraisal of the

'Truckee River Basin, Western Nevada", prepared, by the State of

Nevada Department of Conservation and Natural Resources and the

U. S. Geological Surveyr' includes grotrnd-water information on

the study area. This information was used as a reference for
.:

this study. An earlier report on the area entitled "Evaluation

of Hydrologlz and Hydrogeochemistry of Truckee Meadows Area,
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washoe county, Nevada" was prepared by the u. s. Georogical.

survey in coopera.tion with the Nevada Department of consefva-
:tion and Natural Resources. The report was pubrished, in Lg64

as u. s. Geologicar survey water-suppry paper rz79-s. The geo-

logic map in Figure 2 of ,'this report and the discussion of
geology in this report are partly from water-supply -paper
L77g-s. The estimated quantities of naturar recharge to and

discharge from the water-bearing sands and gravels in the South

Truckee Meadows area are estimated, from data presented in Re-

port 57 and Water-Supply paper L77g-S

Well-Numberinc Svstem

The well-numbering system used, in this report is the one

used by the Nevada State Division of Water Resources and the

U. S. Geological Survey. The wells are numbered accord.ing Eao

their locations within the rectangular system tor ine sr:bdivi-
sion of pr.rblic land,s with reference to the Mount Diablo Base-

line and lteridian. The first two numbers of a well nurnber

(18-19-1cc) are the township aha range, and the third ntunbeq

is the section ,rorU"r. The section number is followed by

letters to designate the northeast (a), northwest (b), south-

west (c) , .an! 
southeast (d) subdivisions of the sect,ion. The

first letter d,esignates the quarter section, and the second

letter designates the quarter-quarter. section. If there is
more than one well located in a quarter-quarter section
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(a 4O-acre tract), a subscript nurnber is usefl to show the

number of each well in the quarter-quarter sLction.

GEOLOGY

The rocks.which crop out in the south Truckee Mead,ows

area may be grouped into two general classifiCations, consoli-
dated.and unconsolidated rocks. The general locations of the

rock outcrops are shown on.the geologic map in Figure 2.

The consorid,ated, rocks occur in the virginia Range east
of the South Truckee Meadows area, tfre Carson Range to the west,

in Huffaker Hills at the north end, of the study area, and in
stearnboat Hills at the south end of the study area. consoli-
dated'rocks also occur in small unnamed, hills located in the

Meadows. The consolidated rocks.consist of intrusive and extru-
sive igneous rocks, metamorphosed ignegus rocks, and minor

amounts of metamorphosed sedimentary rocks. The consolidated

rocks generalry are not capable of yierding large quantities of

water to wells and to date have not proven. to be a source of
large supplies of. good quality ground water in,the South Truckee

I'tead,ows area. It is possible that some water could be developed

on a long-term basis from fracture zones in the consolidated

rocks but this is not known with certainty
' The unconsolidated rocks are principally of alluvial

origin and are comprised: of beds of clay, silt, sand, and

"gravel. The oldest of the formations described, herein as un-

consolidated is the Truckee formation of Pliocene age. Some
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of the beds of the Truckee formation are partially consolidated.
:

It is composed of diatomite i{terbedded with diatomaceous clay,

silt, sand, gravel, and pumiceous material and probably is not

a source of large supplies of water in Truckee Meadows.' The

Truckee formation crops out in just a few small areas in the

western part of the South Truckee Meadows area..

Alluvium younger than the /fruckee formation contains most

of the good quality water in the South Truckee l'leadows area.

The alluvir:m has been divided on the surface into older allu-

vium and younger aliuvium and the approximate outcrops of the

two alluviums are shown on Figure 2. They are not differen-

tiated in the subsurface'because of the similarity of the

materials in them. Individual beds of clay, silt, sand, and

gravel in the alluvium are lenticular and they normal.ly cannot

be traced over long distances. /

Based on available data, it appears that the zones of

relatively coarse gravel that are found to depths as great as

5OO feet north of Huffaker Hills are not present south of Huf-

faker Hi11s. The gravel beds pr.obably stere deposited by the

Truckee River, and the river probabfy did not meander farther

south than ltuffaker Hil1s. Thus, the zones of relatively coarse
./

gravel, if they occur in the study arear. probably would be'found

in the northern part of the study area. Drillers' logs and

electric logs examined as part of this study indj-cate that beds

of.clean, coarse gravel were not encountered in wells or test

holes drilled in the central and southern part of .the study area.
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The thicknes,s of the alluvium in the study area ranges

from zero feet w\'ere consolidated rock is exposed at the sur-
!

face to possibly as much as 1,750 feet where TeSt Well 18-20-

16bd was drilled. The drj.ller's log for well rg-20-7ac shows

that alluvium was still present at a depth of 2'50 feet less

than one-half mile from where consolidated rocks are at the

surface. The dril,Lerrs log for Well 1.8-20-5cd, less than 1r000

feet from where consolidated rocks are exposed at the surface,

shows hard gray rock was encountered at a depth of 185 feet.
Descriptions of formation samples from Wetl 18-20-8ab, about

1r500 feet from where consolidated rocks are exposed, list
\

andesite tuff in the depth interval from 151 feet to the total
depth of 186 feet.. The driller's log for Well 1g-20-5ba (South

Virginia Street Well) Iists bedrock occurring at a depth of 490

feet. This well is'about 3r000 feet from the nbarest exposure

of consolidated rocks. The drillerrs log for Well 18-20-7dc.

ind,icates that bedrock possibly was encountered at a depth of

zOL feet. This well also is about 3rOO0 feet from the nearest

exposure of consolidated rocks, but, consolidated rocks also are

ly a slightly greater distance in the oppositeexposed at only a slightly greater disti

direction. The driller's log for Well.18-19-12db lists hard

rock (andesite) between the depths of 287 feet ind 302 feet,

:ed'in thebut the log also shows that some sand and cLay occurl

interval from 302 feet to the total depth of the. well of 385

feet. tnis well is about 1,OOO feet from a small exPosure of

consolidated rocks. In the southern part of the study area,
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the drillerrs 1og for tlerr l8-20-19ad shows that and,esite, be-.1

lIeved to be bedrock, was encountered at a depth of 710 feet,
! 

9 5 $vt,9.. v!

and the driller's log for well lil-I9-24ab shows red, volcanic
rock (solid) $/as encountered at a depth of 591 feet. These two

t,

wells are about a mile or more from exposures of consolidated
rocks. The driller's log for welr 1g-20-3ocb1, rocated a few

hunflred feet from an exposure of consolid,ated rocks, lists frac-
tured granite or granite for the'depth interval from 149 feet
to the total depth of the well of 831 feet. The above informa-
tion shows that the depth to consolidated rock at a specific
Iocation generally cannot be predicted without nearby log data.
However, it should, be expected that reworked consolidated rock
or consolidated rock would be present at relatively shallow
depths near the consolidated. rock outcrops.in the study area.

/

General Geoloqic Structure

' The South Truckee l'lead,ows area is in a north-south trend-
ing structural depression or basin flanked on the east and wesr

by tlre virginia and iarson I'torrntain Ranges, respectively, The

.bas,in resulted, from downwarpilg and from movement along faults
bord.ering the basin. As shown on Figure 2 numerous faults cug

the older alluvium and, o1d,er unconsolid.ated rocks in the.cen-
tral and western part of the South Truckee Meadows area. Fault-
ing has not" been mapped in the younger alluvium in the study

area, and no faults were evident in it from examination of elec-
trical logs and d,rillers' logs of test holes and wells drilled
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in the study area. The deposits which underli_e

luvium in the north and east parts of the South

area probably have been displaced by faults but
would be obscured by the covering of the younger

Faults may provide'avenues for hot water to move

consolidated rocks in the basin

the younger.al-

Truckee l4eadows

such faults
alluvium.

up from deeper

- EXISTING WELLS

Records for 56 wells are given in Tabre 1 and the loca-
tions of the wells are shown on Figure 1. Twenty-eight of the

weIls vrere drilled for d,omestic or stock use, 7 were drilled
for'irrigation, 11 were drilled for public suppry, and 10 were

drilled, as test wells. Three of the domestic and stock werrs,

one of the irrigation welrs, and one of the pr:blic supply werls

ar.e reported to be 'unused.

There are many other smalr-capacity domestic wells in the

stlrdy area, fot which records are available, that are not in-
cluded in the table or shown on the map. An attempt was made

to obtain records ior afi large-capacity public supply, irriga-
tion,'and industrial werls in .the study area and information

ls is included in the table. Oo*..tic wells were

selected for inclusion in the table and on the map based on

depth and availability of chemical quality or well productivity

data for them. lrlany of the small-diameter domestic wells that
are not in Table 1 or on Figure L are in the area between about

L/2 mi.le'and 2 miles west of Highway 395 north of Zo\ezz! Lahe.
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?he ownership shown in the table for many of the domestic wells
and irrigation wells is that recorded on the initial forms filed
by the drillers with the State Engineers office. It is believed
that in some cases the ownership of the land and the wells prob-

abry'has changed since the records were filed with the state.
Therefore, some of the well owners shown in the table may not,

be the current owners.

'The water-bearing sections of the wells are screened with
slotted pipe, mill-slotted pipe, louvered screen, or stainress
steel wire-wrapped screen on pipe. A majority of the large-
capacity public supply wells and, test wells h/ere constructed,

with gravel around the screened intervals. The thickness of
the gravel envelope placed around the screened sections ranges

from a few inches to about 10 inches. Well construction data

are given in Table 1 for the wells shown'on Figure 1.

Pumping rate, specific capacity, and screened interval
data are given in Table 1 for wells for which the data are

available. Pumping rate and specific capacity data are also

shown on Figure 3.

The pumping rates at which'' specif ic capacitie.s were de-

termined, for the public supply wells range from.120 to 11000

gallons per minute (gpm). The specific capacities for Wells

18-20-6ba, 19-19-35ad,, and 19-20-3lca were 16.1 , 27.2, and 7.6

gallons per minute per foot of drawdown (gpm/ft), respective.ly,

when the.weils were drilled.. These wells are Sierra Pacific
Power Companyrs South Virginia St,reet WelI, Lakeridge WelI,

T.
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and Delucchi Lane well, respectivery. The specific capacities
for three public supply welrs drirred for washoe county and,

designated wells 18-20-19aar, 18-20-19ad, and Lg-20-19db1 were

7.1, 2.8, and 6.4 ggm/fE, respectively, in 1984. Test We1ls

'18-20-8ab and L8-20-8dc, which belong to washoe county, had

specific capacities of g.2 and 11.2 gpm/ft, respectively, in
January 1981 and February 1984. Thus, the available data indi-
cate that the large-capacity pr:blic suppry welrs and, test wells
located in the south and east-central part of the study area

generally do not have specific capacities as high aslhose for
two of the three public suppry wells drilled in the north part
of the study area

A former irrigation well, 18-20-7dc, is reported to have

had a specific capacity of 23 gpmlft when it was drirled in
L947. The u. s. Geological survey reports that well 18--1 g-!2db,

an unused, stock and fish hatchery.well, was pumped at a rate of

Lr000 gpm when it was.being used prior to 1964

9UMPAGE AND WATER LEVELS

Pumpaqe

Available data indicate that very few wells had been

drilled in the drea prior to the l.ate 1940f s, and pumpage of
ground, water in the study area probably r"=, very small prior
to about 1950. Pumpage increased, during the 1.950td and 1960's

as urbanization of the area occurred
,:

I
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The companyrs south virginia street and Delucchi Lane

wells were drilled in 1968 and L97r, respectivelf, and records
;

indicate that pumpage of ground water from them averaged 0.26,
0.7,0.74, and 0.93 million garlons per day (mgd) in rg7o, Lg75,

L980, and 1984, respectivery. pumpage from the company's Lake-
ridge Well did not begin until May 1995.

' In the southern. part of the study arear Trans/ Sierra Water

company pumped water from werls rocated in sections 27 and 2g

j.n T18N, R208, until the summer of j.995. pumpage data availabre
for the period Lg76 through Lgg2 show iverage daily pumpage

from the wells was 0.43 mgd. pumpage from these werls was dis-
continued in June 1985 because of the availability of better
quality water, and water subsequentry supplied to the Trans

Sierra water d.istribution system has been obtained from wells
located in section 19 of T18N, R2oE. pumpage from lhese wells
averaged 0.66 mgd for July through October 1985, while supply-

ing water to about 750 connections. Water for public supply

use also is obtained from Well 18-19-24ac and the pumpage is
estimated to average 

'less than 0.2 mgd. Based on available
data, total ground-water pumpage for public supply in the Soutn

Truckee Meadows area is estimated to be about, 1.5 mgd

' The exact amount of water that is pr:ruped, each year for-

irrigation is not known, although it is estimated to average

less than one mgd. The amount of erater withdrawn from numerous

domestic and stock wells in the study area also is not known,

al.though it is believed to be somewhat small,er than the amount
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of water that is

It is estirnated

Truckee Meadows

averaged about 3

Water Levels

withdrawn

that total

area during

mgd.

f or public supp,-Iy in the study area.
Iground-wdter pumpage in the South

;

the past few years probably has

.Available water-level data are static water-level measure-

ments made. in Company wells by'personnel of the Company, water

levels measured. in production wells or test.wells owned by the

County, and water levels-measured. in wells by drillers when t,he

wells were drilled and constructed. The water-level data are

given in Table .1. The elevation of the static water level,
d.epth to static water level, total depth or screened interval
of a well, and the date of the measurement are shown on Fig-

ure 4. The water-level elevations snJwn on Figure 4 indicaee

that the hydraulic aradient in the water-bearing alluvial
lmaterial in the west. and south$test part of the study area gen-

erally ranges from about 80 to 120 feet per mile with the direc-

tion of flow being to the east-northeast. As water moves

through the alluviurn to the east-northeast, !h".hydraulic gra-

dient decreases generally as the slope of the land surface

decreases. This could be attributable to a change in the trans-

missivity of the aquifer and it also could, be attributable to

natural discharge of water in the area along parts of Highrvay

395 and to the.e.ast of it. In the valley floor of the South
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Truckee l'leadows area the hydraulic Aradient is on the order.of
of 20 t,o. 30 feet per lnile

i

The only rong-term records of water levels in werrs in
the study area are for the company's Delucchi Lane and south

I

Virginia Street Wells. Hydrographs showing static water leveIs
measured in the-wells are given on Figure 5 along with pumpage

record,s for the wells.7 Most of the pumpage from these werls

occurs during the spring and sunmer months. Static'water levels
in the we1ls decline some during the spring and summer in re-
sponse to pumpage, but the water levels recover during the fall
and winter when pumpage from the wells normally is relativery
smal1

The static. water-level data for the South Virginia Street

Well show that there has been only a.few feet of water-level

d,ecline in the well sihce pumpage began about Lg7O. Pumpage

from the well averaged about 0.24 mgd in 1970, fluctuated be-

tween about 0.4 and 0.9 mgd between 1972 and 1?81, and has aver-

aged about 0.72 mgd for.the period L982 through 1984. Pumpage

records are avaitalle f9r the belucchi Lane Well for the period

L972 through June 1985. The rrecord indicates the average.daily

pumpage from the well has ranged from about 0.16 to about 0.3

mgd and averaged about O'.22 mgd for that time period. Water-

level data for the Delucchi Lane Well show.that the static
!,tater level has declined no more than about 11 feet from the

beginning of Lg73 to the beginning of 1985. Thus, there has

been only a sma$ amount of water;level decline in both of
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these wells since they were originally drilled and constructed,
.l

and st{tic water levels in the wells were'about 10 to 15 feet
j

below rand surface in December 1984. The water-level and pump-

age d.ata from these two wells indicate that possibly some natu-

ral discharge has been intercepted and/or add.itional recharge

induced by the small amounts of static water-level decrines

that have occurred

!'lonthly measurements of the static water revel in werr

18-20-7dc are available for 1950 through 1959. The well screens

materiar in the d,epth interval above about 197 feet. The well
ig located about 800 feet northeast of Last Chance irrigation
ditch. Water-level data collected, during the 1950-to-1.959 time

period, show that the static water leveI in the well responCeo

to .water flow in the ditch and irrigation in proximity to the

vel in the well would start rising
about one month after water started flowing down the ditch in
the spring of the year. Water leve1s would continue to rise
in th1 well, sometimes as much as 6 feet in one irrigation
season, until abgut November of each year when the static water

level in the well would be at about 8 feet. After November or

early December, water levels would decline in the well until
water was introduced into the irrigation ditch at the beginnirfg

of the next irrigation season.
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RECHARGE, I4OVEMENT, AIJD DISCHARGE OF GROUND I^IATER

The water-bearing materials in the South Truckee Meadows

area are recharged from infiltration of precipitation which

falls on the land surface, seepage from streams entering or

crossing the Meadows, underflow from tributary valleys, seepage

from irrigation. ditches, deep percolation of water applied for
irrigation of pasture, r,or crops, Iawns, and other plants., and

from wastewater discharged from septic tanks. Average precipi-
tation in the area of South Truckee Meadows where the alluvium

occurs ranges from about 8 to 18 inches per year, and recharge

from direct precipitation on the alluvium probably is srnalL

two methods'have been used in the past by the U. S. Geolog-

ical Survey for estimating recharge in the Truckee Mead,ows area.

One method, is presented,in Water-Supply Paper L779-S published

in 1964 and another method is presented in Water Resources-

Reconnaissance Series Report 57. The two methods for estimat-

ing recharge are discussed, in the following paragraphs.

The U. S. Geological Survey estirnated in Lg64 that re-

charge f ron inf iltration of streamf low in all of Truckee l'leadows,

other than from the Truckee River, was less than 11000 acre-feet

per year. The Survey estimated that most of this recharge oc-
-t/

curred, on the west side of the Meadows.. Underflow from Pleasant

Valley into the South Truckee- Meadows area was estimated by the

U. S. Geological Survey to probably be less than.700 acre-feet

per year, The U. S. Geological Survey estimated in 1964 that
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on the average ab6ut 61000 acre-feet per year of the 25,ooo

acre-feet of water lost from the irrigation ditches in Truckee

Meadows r€ached the ground.-water reservoir and that approxi-
mately 1 acre-foot per acre of the water applied for irrigation
percolate's into the ground,-water reservoir. since 1964 some

of the irrigation ditches in Truckee Meadows have been lined
with concrete or improved in other ways so they do not leak as

much water. Observations made during this study indicate that
almost all of the irrigation d.itches in the south Truckee

Mead,ows area are still unlined

A significant amount of recharge to the water-bearing
materiars in the south Truckee Meadows area is from seepage

from irrigation ditches and deep percolation of water appried
for irrigation. The amount of irrigated acreage and.the amount

of water ipplied per acre per year directly impacts the amount

of recharge.to_the water-bearing materials. A map prepared, by

Murr?y, Burns e Kienlen in 1981 shows that there were about

6'OO0 acres of irrigated, land west and south of Huffaker HiIIs.
)r this study, it is estimated thatBased on field work done for this study, it is estima

irrigated acreage may have been reduced, about 5 percent in the

study area since 1981 due to changes in land use: There also.\
are about 21000 acres of land located to the south-southeast of
Huffaker Hills along steamboat creek that are described by

I'lurray, Burns & Kienlen as being marsh or mead,ow and, irrigated
by wild flooding or wastewater
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rf it is assumed that about 1roo0 to 2,000 acre-feet per

year. of'recharge is attributabre to losses from irrigation
ditches based on the rength of ditches.in the study area, orooo

acre-feet Per year is attributable to deep percolation of irri-
gation water, 500 acre-feet per year comes from losses in
streams that cross the South Truckee lvlead,ows area, and 700 acre-
feet per year comes. from underflow from pleasant valley, then

recharge in the South Truckee Meadows area would be about 8,200

to gr2oo acre-feet per year. This estimate of recharg'e could
be low as it does not include any recharge .to the water-bearing
materials from precipitation directly on the alluvium and the

consolid,ated rocks in the virginia and carson Ranges.

rn water Resources-Reconnaissance se.ries Report 57 , poten:

tia1recharge,toa11ofTruckeeMeadow3wasestimatedtobe

about 26,000 acre-feet per year from the west side of Truckee_ -

Meadows and about l.r0oo acre-feet per year from the east side

rted using the general

method dedcribed by Eakin and.others in Nevada state Engineer

water Resources Bulletin 12. The method, assumes that in each

altitude zone a certain peicent,age of the .precipitation re-
charges the ground-water reservoir, with that percentage depenC-

ing on the aver"g" 
"6ount of snohr and rainfall within the zone.

The aquifers in the South Truckee Meadows area are still
essentially full even though pumpage of ground iater has in-
creased in the past 30 years. The rejection of recharge con-.

tinues to occur as indicated by the continuing flow of water ':
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in the drains in the area. As pumping increases in the study

area and" water levels are lowerdd in areas where the q,quifers
i

are essentially full and rejecting recharge, the recharge from

streams, ditches, and irrigated rand will increase. Alsor €ls

water levels are lowered in areas where natural discharge is
occurring, part of'the natural discharge will be-intercepted.

Ground water moves from areas of recharge to areas / or
points of discharge. water is moving in generally a west-to-
east and southwest-to-northeast direction in the South Truckee.

Meadows area. Discharge from the ground,-water reservoir occurs

as pumpage or flow from wellsr Ers discharge into .streams.and
drainage ditches where the elevation of the potentiometric head

in the reservoir is greater than the elevation of the stream or

ditch, and as evapotranspiration by plants where the roots ex:

ten! to or near the, water tabre, especially in tfre parr Jt .n"
south Truckee Meadows area east of Highway 395 where water

levels are at or near the lanci suriace.

The U. S. Geological Survey estimated that, excluding

pqnpage, about LOTO0O acre-feet per year of ground-water,dis-

charge occurred in'the area between the south side of Huffaker

Hills and north of Steamboat Hi11s. The estimate of ground-

water discharge was based on seepage measurements made along

Steamboat Creek in December Lg57. The pumpage of ground. water

in the South Truckee Meadows area,in L957 probably was rela-
tively small and limited to a small nr:mber of irrigation wells

and d.omestic and stock wells
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RESULTS OF PUMPING TESTS

i
The transmissivity of ,a water-bear:.lng formation is a mea-

sure of its ability to transmit water, and it is d,etermined from

analysis of data from pumping tests made of werls screened, in
the formation. Transmissivity is defined as the number of gal-
lons of water that will move in one day through a vertical strip

/ofthewater-bearingformation'1-footwid6bxtendingtheful1
saturated height of the water-bearing formation when the hy-

draulic aradient is 1 foot per foot. The units for transmissi-
vity given in .this report are garlons per day per foot (gpd/f t).-

Results of pumping tests performed on-wells in the south'
Truckee Meadows area are given in Tabre 2. During a few of the

tests, the computed transmissivities of the formations changed 
.

appreciabfy, and the different values of trransmissivity are

shbwn in the table f or the d,if ferent tirne periods of the tests.
Th'€se changes reflect changes in i,he transmissivity of the for-

b
mation with distance.. from the pumped well. Transmissivities

:

computed from the data obtained d,uring the latter part of the

tests probably are more representative of ihe regional trans-
missivity of the permeable materials screened in the well that

was tested.

The computed transmissivities range from 1r400 to 45r000

gpd/ft for the test.d,ata analyzed. The transmissivity. of L,400

gpd/ ft was computed tfro* a. pumping test of Well 18-20-30cb,

which is reported to screen fractured rock. The transmissivi-
ties for the Company's Delucchi Lane Well, South Virginia

I
I
I /

I
I
l.
ll
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street well, and Lakeridge, well, which probably produce at
least some water from the lounger alluvium, range from ,r2,soo

to 25,700 gpd/fE, and the average for the three werls is about
20,700 gpd/ft. The computed transmissj.vities for Wells 1g-20-
8ab and,18-20-8dc in the east-central part of the area are

1or2oo and l2rooo gp4/ft, respectively, and those for welrs
18-20-19aa, and 18-20-19aa2/in tfre south part of the study area
are 6 rgo0 and, 10,1oo gpd,/ft, respectively. wel1s 1g-20-gab and

18-20-8d.c probably produce water from the younger alluvium or
a combination of' younger and older alruvium, and $Ielrs 1g-20-

19aa, and 18-20-1 9aa, probabry produce water from the older
alluvium. Thus, based on the available d,ata, the average trans-
missivity of the younger alluvium appears to be somewhat better

.than the transmissivity of the older alruvium. The specific
capacity of a well'varies rorighly in direct proportion with the

transmissivity of the formations screened, by the well. Thus

the wells with the best yield,s normalry are those having the

best specific capacities and screened, in formations with the

higher transmissivities. In.the South Truckee lr{ead.ows area the

best wells appear to.be screened. in the younger arluviumr. or in
the case of the Lakeridge well, younger alluvium and rew-o5ked

and.esite and rhyolite. i

Available data indicate that the water in the permeable

materials screened in the wells occurs generally under artesian

to leaky-artesian conditions in the stud,y area. Thus, the
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$tater in the permeable material is not comptetely confined and

reakage from upper sands not screened in the werrs occurs.

CHEMICAI QUALITY OF WATER

The chemicar quarity of the ground water in the South

Truckee Meadows area ranges from excellent to poor. The poor-

est quality water appears to occur in the eastern part of the

study area near the virginia Range and in the southern part of

the study area in proximity to the northeast part of Steamboat

Hills. The good quality water occurs in the north-central and

western part of the study area. The good quality water has low

dissolved solids and moderate to high total hardness. The depth

to the base of the good quality water varies in the study area.

Results of chemical analyses of water samples obtained

from wells and test holes in the study area are given in Table

3. Results of analyses for heavy metals in water samples ob-

tained from wells are given in Table 4. The dissolved solids,
total hardness, arsenic, and nanganese concentrations in water

samples from wells and the screened intervals or total depths

of the wells are shown on Figure 6.

In the north part of the study area at the locations of

the Company's South Virginia Street Well and Delucchi Lane 9{ell,

water sampling in the pilot holes drilled for the wells shows

that good quality water extended to a depth of about 270 to 300

feet. Dissolved solids in the water from sands below these

depths are relatively low, but the water in some of the deeper
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sands contains unacceptable levers of manganese for public
supply use. Resurts of chemical analyses show that, except

for welr 18-19-1laa, the dissorved solids in water samples ob-

tained from wells or test holes rocated in the western part of

the study area range from 168 to 2G2 mirrigrams per riter (mg/r).

The dissolved solids in the water sample obtained from 18-19-11aa

$tas 478 mg/L. Total hardness in water samples obtained in the

part of the study area containing good quality water ranges

from 83 to 208 mg/L, with the exception of the water sampre

from well 18-19-11aa which indicated a total hardness of 326

mg/t. In the eastern part of the area where the water quality
is generally poor, the dissolved solids in water samples from

the wells range from 669 to 2,674 mg/I.

The Nevada Department of Health's recommended upper lirnit
for the iron content of water to be used for public supply is
0.30 mg/l. This recommended upper limit was exceeded in water

samples obtained from Wells 18-19-12bb, 18-20-7db, and 18-20-

23bd. The water sample from WelI 18-19-12bb was collected
after it had been pumping for about 25 minutes. The well had

not been punped for about 2 years prior to pumping for collec-
tion of the sample. The water sample had a slight brown color

at the time of sampling, and it is probable that the iron in

the water was dissolved from the pump, pump columnr or casing

and that the concentration of iron in the water sample is not

truly representative of the water in the materials screened

in the well. The analysis of the sample collected from WeIl
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l8-20-7db indicates an iron content of 0.31 ng/L. tfr. water

from the. well is being used for d,omestic supply and the owner

of the well did not report that the water produced from the

well contained an unacceptable amount of iron. Chemical analybes

of water samplds obtained from some of the sands in the pilot

holes for Wells t8-20-5ba and 19-20-3lca indicate concenrra-

tions of iron in excess of 0.30 mg/l. However, analysis of

water samples obtained from these wells after they were com-

pleted.do not show any concentrations of iron greater than

o.07 *g/1

The Nevad,a Department of Healthts recommended, upper limit
for manganese in water for public supply is 0.05 mg/l. The

concentrations of manganese in two water samples obtained from

the depth intervals of 330 feet to 340 feet and 368 feet to
378 feet in the pilot hole drilled for Well 18-20-5ba (South

Virginia Street Well) were 0.16 and 0.'19 mg/l, respectively.

Sinds in the depth interval from 108 feet to 272 feet $rere,

screened in constructing a well that would produce water with

an acceptable amount of manganbse. Water samples subsequently

obtained from tfre comeleted well have concentrations of manga

nese'of less.than 0.05 mg/l. Chemical analysis results for a

water sample obtained from Well l8-2}-L9aa, in June 1984 show

a manganese content of 0.|1 mg/l.. This well screens the depth

interval from 260 feet to 520 feet. Results of a chemical

analysis.of another water sample obtained from this well in

March 1984 show 0.00 mg/l of manganese.
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The maximum upper limit for arsenic in water used for
pubric suppty in Nevada is 0.05 m9/1. This maximum upper limit
was exceeded in water samples obtained from wells 18-20-r4bc,

18-20-17da, 18-20-20ab, 18-20-20ad, and L8-20-27bc. Wel1s

l8-20-14bc and L8-20-27bc are located in the eastern part of
the south Truckee Meadows area. The other three werrs are. lo-
cated in the east-central part of the area. The concentrations

of arsenic range from 0.057 to 0.3 ng/l. The depths of the

wells range from 90 feet to 200 feet. Several small test wells

were constructed in Sections 9, L6, and L7 of T18N, R2OE, dur-

ing exploratory work for a project that was called the Double

Diamond Development. The d,epths and, exact locations of the

wel1s are not available to us, but results of chemical'analyses

of water samples show that the concentrations. of arsenic in
warter from them range from O.O8 to 0.48 mg/l. Thus, the con-

centration of arsenic in the water throughout much of the'east

and, central part of the South Truckee t'leadows area probably is

above the maximum upper limit for public supply.

The current maximum upper limit for fluoride is 1.8 mg/I

for water to be used for public:supply in the Rgno area. This

limit for fluoride was exceeded in water samples from Wells

L8-20-28ba and 18-20-28cb; Analysis of water samples from

other wells for which fluoride analyses are available did not

show concentrations of fluoride greater than 1.8 mgl\.

Results of analyses for heavy metals in water samples'

from seven wells in the study area are given in Tab1e 4. The

I
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results show that the maximum upper limits for the heavy metals
I

were not exceeded in any of the samples analyzed. 
!

TEMPERATURE OF WATER

The temperature of the water increases -rlrith depth in all
ground-water reservoirs. The temperature of the shallow near-

surface water usually is about the same as the mean annual air
temperature of the area in which it occurs. Available data for
the Reno area indicate that the mean annual air ternperature is
about 50o Fahrenheit and that the ground-water temperature gra-

dient is about, 1 to L-L/2 degrees per 1OO feet of depttr down to

,eit thea depth of about 200 to 250 feet. Below about 250 fe

temperature appears to increase at a rate of'about 2 to 4 de-

grees per lOO feet of depth. -In places where hot water is
present at shallow depths, the temperature gradient is of

course much greater

Information obtained for this study shows that the tem-

perature of water iro* Well 18-20-15bd' which screens the in-
terval from 1,700 to Lr74O feet, is 1110 Fahrenheit. This

:onformance w: 'ature.temperature is in general conformance with the temper

gradients given above. The owner of Well L8-20-2Ooa which

screens alluvium in the interval from 140 to 3OO feet reports'

that the wat,er produced from the well was 1190 Fahrenheit'

which would be abnormally high. Elevaled water temperatures

were not reported for the wells located nearby in Section 19,

T18N, R2OE or for the other shallow we1ls located in proximity
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Temperatures of water produced by We1ls L8-20-29ba and

I 18-20-28cb are reported to be 2710 and, Zg3o Fahrenheit, respec-

t
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below the alluvium in the southern part of the study area still
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FUTURE AVAILABILITY OF GROUND WATER

rort, the estimated

I Potential recharge in the South Truckee Meadows 'atea probably
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I 
charge south of Huffaker Hills was about 1OIOO0 acre-feer per

I 
year in 1957 and conditions probably are not appreciably dif-

I ferent 1o\^r. Thus there is a substantial quantity of water
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At least, the amount of the annual recharge should be

available to wells on a perenniar basis. rn order to develop

the water without greatly lowering water revers it will be

necessary to distribute the wells throughout the South Truckee

Meadow area as much as possible. Distributing pumpage through-
out the area will minimize the amount of interference drawdown

between werls and limit the hydrauric gradient which would

cause any poor quality water to move laterally or upward from

below and enter the wells. rf possible, werls should be lo-
cated in areas where additionar recharge might be induced, or

near areas of natural discharge. As poor quality water is
known to be in the aquifer in the eastern part of the south

Truckee Meadows area and much of the natural discharge occurs

in this area, locations for wells near the areas of the natural

discharge are somewhat limited.

In addition to the ground-water recharge available for
interception, water is available from storage in the ground-

water reservoir. Based on available data, it is estimated that

water of good guality probabty occurs to a depth of about 250

feet below the static water level in the western part of the

study area. Based on examination of drillersr logs for wells

and test holes drilled in the western part of the study area,

and assuming that the average porosity of the sands and gravels

is 25 percent, it is roughly estimated that the,re is about

240r000 acre-feet of good quality ground, water in storage. It
is estimated that one-half to possibly two-thj-rds of this water
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courd be removed from the ground-water reservoir before it .

becomes seriouslyi .or,t"mj.nated with poor quality water moving-!
in lateralry and from below. Tf the average ra€e of pumping

does not exceed the average rate of discharge that can be in-
tercepted prus the additional recharge that can'be induced,,

only the amo_unt of water needed to lower water levels suffi-
ciently to cause water to move to the wells will be withdrawn
from storage

As water is pumped from each wel1, a cone of depression
is created around, the well. Cones of depression from individual
wells expand. and overlap and create a .regional cone of depres-
sion. when a well i. initially pumped, water is withdrawn from

storage in the sand,s and, gravels rocatea near the welr. As

pumping continues and, a sufficient head difference is created,
water will leak downj from shallower sands and gravels and will
be repraced by water that is currentry frowing to d.rains or is
being transpired by plants or evaporated where it is near or
at land surface. some of the water that will be intercepted
is currently being waited by tianspiration by ptants and by

evaporation in marsh or swamp.areas. some of the ground water

that will be intercepted would otherwise flow into the drains
and eventualJ.y reach the Truckee River

Pumpage.of ground water in the South Truckee Meadows area

is still relativel-y small and probably averages about 3 mgd.

water-revel data show that the pumping has at most caused only

a srnarl declipe in water levels in wells on a regional basis.

I
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The static water level in the company's south virginia street
well has declined only a few feet in the past 17 years, and

in the DeLucchi Lane well it has decrined about 11 feet or
less in the past 12 years.

Based on the amount of recharge estimated to be available
in the South Truckee I'teadows area and on information assembled

and analyzed as part of this study, it is estimated that from

a few to possibly as much as 6 or 7 mgd of additional good

quality ground water is available for deveropment in the study

area. Available data indicate that conditions for developing

the additional water possibly are bet,ter in the north part of
the study area than in the south part of it, arthough this is
not known with certainty. At present it is estimated that the

yield of wells drilled in the area could range from about 4oo

to 11000 9pD. rt is berieved, however, that very favorabre con-

dit,ions would have to exist at a well site to obtain a yield
of 11000 gpm from a well.

As additional ground, water is developed in the South

Truckee Meadows area, water-level, pumpage, and chemical quality
d,ata for the production wells and water-Ievel data from other

wells in the area should be collected on a continuous basis to
determine how the aquifer is responding to the additional pump-

age. Analysis of the water-level data will provide the basis

for making a more refined estimate of the amount of ground

water available in the South Truckee lleadows area.
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TEST HOLE DRILLING

Test' holes should be drilled in the South Truckee Mead,ows

area at potentiar production.well sites to determine if the
aquifer conditions are favorable for construction of a large--.
capacity well at the sites. The purpose of the test hore drill-
ing is to obtain information on the position, thickness, and

character of the sbnds and gravers in the alluvium, the water
levels in them, and the quality of the water they contain.
rnformation on the depth to bedrock also may be obtained if it.
is encountered at shallow depths during test'ho1e drirling.

Tentative locafions for test holes are shown on Figur e 7. '

The primary sites are rocated where it is believed water of
acceptable quality occurs to a depth of at 1east 2so feet and

the tentative locations would provide relatively uniform
spacing between wells; should, conditions at the sites be favor-
able for construction.of large-cagiacity wer1s. Three second-

ary test hole sites are shown in an area that is in the verlr

southwest part of the companyrs service area. onry a smarr

amouri,t of ground:wateir data are available in this part of the
study area. strouia the company need to provid,e water to this
part of its service area in the future, it is believed test./
holes should be driLled in the.area to determine if the allu-
vium is capable of supplying an adequate quantity of agceptabre

quality water to make wells feasible

I
t
I
t
I
I
t
I
I
I
I
I
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rt is understood that the Company plans to build a booster
station in the north-central part of Section 7, T1gN, R208,

and would like to have a production werr at the site. There_

fore, the first test hole shourd be drilred at the site in the
north-central part of Section 7 to determine whether conditions
are favorable for construction of a well. subsequent test
holes should be drilled to the north and south of the site in
section 7 to help identify other sites where conditions are
favorable, in terms of productivity and water quality, for the
construction of production wells.

For planning Purposes it is estimated that the first test
hole in section 7 should be drilred to a depth of about 5oo to
500 feet. Data obtained from the first test hole shourd be

used to help determine the depths to which subsequent test
holes should be drilred. circulated drirr cutting samples

should, be collected at lO-foot intervals from all water-bearing

material in each test hore. A schlumberger-type electric log
with multipre resistivity curves should be made in each test
hore after the total depth is reached. After the drirl cutting
samples and electric log from the test hole are examined, in-
tervals for water sampling can be selected.

Based on previous test hole drilling and water sampling

for the Companyrs South Virginia Street and Delucchi Lane Wells,

it is believed that severar water sampres shourd be obtained

from each test hole. The water samples would help to deter-
mine which permeable sands contain water of acceptable quality
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for public supply and in particular acceptable levels of iron,

_manganese, 
and arsenic.

There are a number of methods'for'taking water sampres.

The method that was used successfully during exploratoiy .drill-
ing in alluvial deposits at the company's North valmy Generat-

ing station is the gravel-up method. with this method, a tem-

porary small-diameter (4-L/ 2-inch) gravel-warled welr is con-

structed in the test hole with A-Ll2-inch casing and 4-L/2-inch

slotted'pipe or screen opposite the permeable interval to be

sampled,. Gravel is placed below, around, and above the srotted
pipe or screen set in the interval to be sampled to provide a

medns for isolating this section from other permeable strata in
the test hore. water shourd be pumped by airlift and/or with

a submersible pump until the water. is clear and acceptable for
sampling and chemical analysis. After a water sarnple is ob-

tained from the deepest interval to be sampled,, the temporary

casing and screen are removed from the hole and used to con-

struct a temporary well in the next shallowest interval to be

sampled. The procedure is repeated until water samples'have

been obtained from all. zones selected for sampling. It niay be

possible to take. water samples from permeable strata above a

depth of about 250 feet by c6nstructing wells using  -inch or-
6-inch diameter PVC casj.ng and screen

Preliminary estimates of the cost of test hole drilling
vtere obtained, from two well drilling contractors. One of the

contractors, Layne Texas Company, drilled all of the wells.,
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currently in use in the Companyrs water system" elcept the

Lakeridge weIr. The other estj.mate was obtained /qro* sargent

Irrigation Company in Reno. Representatives of both companies

stated that the estimates are preliminary and that the esti-
mates are subject to change after s-pecifications are presented

for bid. Also sargent rrrigation companyts,estimate is.based

on the assumption that drilling will progress smoothly and that
the owner woul,d pay the contractor for remedying any probrems

resulting from lost circulation in the hole. Mr. Leland Lawson,

vice President for Drilling operations with Layne Texas company,

estimated the cost of a 500-focit test hole complete_with a

Schlumberger-type electric log would be $33;000.00. In addirion,

the cost of mobilization- and, demobilization from Houston, Texas

to Reno and, back was estimated at $45,0OO.OO. The cost of tak-
/

ing a water sample in a test hole using a1"- gravel-up met,hod

was estimated at $?r5OO.OO to 98,500.00 per sample. Ms. Karen

Rosenau of Sargent Irrigation Company estimated the cost to

drill a 600-foot test hole complete with a Schlumberger-type

e'l.ectric J.og would bg about $13,000.00. She did not, provide

a price for taking water sampJ.es by the gravel-up nethod, but

stated it sounded like a good method for water sampling and

that Sargent Irrigation Company would be willing to'quote a

price after reviewing specifications outlining the procedure.

Thus, dt this time we estimat,e the bost of a 600-foot deep test

hole and four water samples obtained from it could cost about

$45r000.00 to about $80r000.00. These estimates assume a price
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of S8,000.00 per water sample and that three test holes would

be drilled making the price estimate for Layne Texas Company,

including mobilization and demobilization, $48,000.00 per test
hole exclusive of water sampling.

l{e suggest that specifications be prepared for the test
hole drilling and that the two contractors who provided cost

estimates as well as others the Company wants to consider be

invited to submit bids for the work. It is believed that the

gravel-up method of water sampling and, possibly a few other

methods of water sampling including constructing wells using

PVC should be given in the specifications.

PILOT PRODUCTION WELL

A pilot production well should be drilled and constructed

at the site selected for the first production well based on

test hole drilling results. The .exact depth of the first oilot
well will not be knovin until after drilling at least one test
hole. It is estimated the depth of the well could range from

about 250 to 500 feet. It also is estimated that at least 100

feet of surface casing will be set in the well and that the

screen in the well should be at least 14 inches in diameter.

The underreamed gravel-wal1 type of well construction was

used for construction of the Companyrs existing wells excePt

for the Lakeridge Well. Those wells have produced good yields

and a minimum of sand with the water. The same tyPe of gravel-

wall construction should be considered for the pilot production
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