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Mr. Robert E. Firth

Manager, Gas and Water

- Planning and Engineering
Sierra Pacific Power Company
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Reno, Nevada 89520

Dear Mr. Firth:

Our report on ground-water avallablllty in the South
Truckee Meadows area is attached. Results of the study
indicate there is ground water available in the South
Truckee Meadows 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. Moser, P.E. for the cooper-
ation and assistance provided us during this study. :

If you or others with the Company have any questions
concerning our report, please do not hesitate to let us know
and we shall try to answer them.

Sincerely yours,

- WILLIAM F. GUYTON ASSOCIATES, INC.

W. John Seifert, Dr. /; )
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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 public supply wells in the area to depths that range

from about 108 to 643 feet.

Pumpage of ground water in the South Truckee Meadows
area is estimated to average about 3 million gallons *
per day (mgd). About 1.6 mgd of this total is estimated
to be pumped for public supply. The remainder is pumped

for irrigation and domestic and stock use.

The static water level in the Company's South Virginia
Street Well has declined only a few feet in the past

16 years, while pumpage from the well from 1971 through
1984 has averaged about 0.6 mgd. The static water-level
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
amounts 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 pumping
the wells having intercepted some natural discharge from
the aquifer and/or having induced additional recharge to

enter the aquifer.
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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 generally are for wells
located in the northern part of the study area where some

younger alluvium is screened in the wells.

It 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 well.
The specific capacities of wells for which data are avail-
able in the South Truckee Meadows area range from 1.1 to
27.2 gallons per minute per foot of drawdown. The pubiic
supply wells located in the northern part of the study
area generally have higher specific capacities than other

wells located in the study area.

The natural recharge to and discharge from the water-
bearing materials in the South Truckee Meadows area are
estimated to average about 8,200 to 10,000 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. Thus, as irrigated acreage in the
area declines, a significant source of recharge will be

reduced. This reduction, however, should be partially
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offset when pumping increases and the resulting water-.
level declines induce additional recharge where water

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

the water table is at or near land surface.

Generally, dissolved solids in water from wells in the
western part of the study area are low and total hardness

ranges from moderate to high.

Water samples obtained from water-bearing materials

below the depth of about 250 feet in test holes drilled

at the sites of the Company's South Virginia Street and ™

DeLucchi Lane Wells contained manganese concentrations

which exceed the maximum recommended level in water for
public supply. These wells 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 high
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.

\
\

|
J
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It is estimated that a few to possibly 6 or 7 mgd of
additional ground water can be developed from wells
drilled in the South Truckee Meadows area. It also
is estimated that there is about 240,000 acre-feet of

good quality water in storage in the genéral 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 minute (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 a large-capacity public
supply well. At present it is estimated that test
holes should be drilled to a depth of about 500 to

600 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 $80,000.00.
{ / [ 4 1
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
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the depth of the wells could range from about 250 to

500 feet. The wells should be gravél-wall type wells,

- constructed with quality materials, and thoroughly

developed to obtain the optimum yield with the minimum

practicable amount of sand in the produced water.
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INTRODUCTION

" This repqrt presents the results of é study of grouhd4
water conditions and svailability in the Soutﬁ Truckee Meadows
area. For this study, the South Truckee Meadows area istde—,
fined as that part of Trﬁckes‘neadows extending from the north
edge of Huffaker Hills to Steamboat Hills at the‘sbuth end of
Truckee Meadows; Previous studies of ground-water conditions
in Truckee Meadows have béen performed by this firm but the
emphasis of those studies Qas on the part of Trﬁckee Meadows
which is located west and north of Huffaker Hills. The study
area for this;réport is shown 6n Figure 1:

. The purpose of the study has beeﬁ to determine, insofar
as péssible with ayailable data, general areas Qhere ground
water might be developea in the South Truckee Meadows arsa to
supply‘municipal'needs in the Company's service aréa and the
amounts that might be.available; |

o Thls report presents 1nformat10n on the quantity and
quallty of water obtained from wells and on the yields and

specific capaqities of wells in the area of study. Data for . -

-the study weré obtained from Sierra Pacific Power Company,

governmental agencies, well drillers, and well owners. The
work that was performed for thls study 1ncludes-

1. Compllatlon and review of avallable published
. and unpublished reports on the geology and
‘hydrology of the area in the files of Sierra
Pacific Power Company, governmental agen01es,
and our firm.
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Preparation of this report.

Compilation of records of large-capacity wells
and selected small-capacity wells in the area

- from the files and reports of the Nevada State

Engineer, the U. S. Geological Survey, Sierra
Pacific Power Company, and our firm.

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 were col-
- lected from selected wells for chemical analysis.

Collection and study of drillers' loge and elec-
tric logs for water wells and test holes drilled

in "and near the study area.

Compilation and review of available records of
water-level data for wells measured by personnel
of Sierra Pacific Power Company and Washoe County.

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 included.

A substantial part of the data for the northern part of

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

of Slerra Pac1f1c Power Company and their cooperatlon and assist-

ance is gratefully acknowledged

Water Resources-Reconnaissance

Series Report 57,: "A Brief Water Resources Appraisal of the

- Truckee River BaSin, Western Nevada", prepared by the State of

Nevada Department of Conee;vation and Natural Resources and the

-

U. S. Geological Survey,'includes qround-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 Hydrology and Hydfogeochemistry of Truckee Meadows Area,
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Washoe County, Nevada" was prepared by the u. S. Geological-
- ]

Survey in cooperation with the Nevada Department of Conse%va-

tion and Natural Resources. The report was published in 1964

~as U. 5. Geological Survey Water-Supply Paper 1779-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

1779-5. The estimated quantities of natural recharge to and

dlscharge from the water-bearlng sands and gravels in the South

Truckee Meadows area are estimated from data presented 1n Re-

port 57 and Water-Supply Paper 1779-S.

Well-Numbering System , ' : ' N

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

used by the Nevada State Division of Water Resources:and the

’ﬁ. S. Geological Survey. The wells are numbered according to

their locations within the rectangular system for the subdivi-

"sion of public lands with reference to the Mount Diablo Base-

line and Meridian. The first two numbers of a well number_

(18 19- lcc) are the townshlp and range, and the thlrd number

i

is the sectlon number. The sectlon number is followed by

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

west (c), and southeast (d) subdivisions of the sectlon. The

: flrst letter designates the quarter sectlon, and the second

letter designates the quarter quarter sectlon. If there is

more than one well located in a quarter—quarter section



(a2 40~-acre tract), a subscript number is useg to show the

number of each well in the quarter-quarter ;gction;
GEOLOGY

The rocks which crop out in the South Trﬁckee Meadows

‘area may be grouped into two general classifications, consoli-

dated and unconsolidated rocks. The general locations of the
rock outcréps’are shown on.the geologicimap in Figure 2.

The consolidated rocks occur in the Virginié Range east
of.the South Truckee Meadows area: the Carson Range to the west,
in Huffaker Hills at the north end of the study area, and in
Steamboat Hillé at the south end of the study area. Consoli-
dated rocks also occur in small unnamed hills located in the
Meado&s. The consolidatéd rocks‘consiét of intrusive and extru-
sive igneoué rdgks, metamorphosed igneohs rocké) and minor
amounts of metamorphosed sedimentary rocks. The consolidated
rocks generally are not éapable of'Yielding large quanfities of
water to wells and to dafe have not proven‘Fo_bé a source of
large supplies of;gooa quality ground Qater infthe:South Truckee
MéadoWs area. _It is §ossiblé that some water could be developed'
on aylohé-termlbasis from fracture zoﬁes in the consoiidated
rocks but this is not known with certainty. I

The unébnsolidated rbcks‘ére principally of alluvial-’

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

'gravél. The‘oldest of the formations described herein as un-

conéolidated is the Truckee formation of Pliocene age. - Some



of the beds of the Truckee‘formationtare partially consolidated.
It is composed of diatomite idterbedded 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 thekSouth Truckee Meadows area..

Alluvium younger than the Truckee formatioh_contains most
of the good quality water in the South Truckee Meadows area.’
The'alluvium has been divided on the surface into older allu-

vium and younger alluvium 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 normally cannot
be traced over long distances.

~Based on available data, it appears that the zoneskof‘

: relatively coarse gravel that are found to depths as great as

500 feet north of Huffaker Hllls are not present south of Huf-
faker Hllls. The gravel beds probably were dep051ted by the
Truckee River, and the river probably did not meander farther
south than Huffaker Hills. Thus, the éones of relatively ooarse

e

gravel, if they occur in the study area, probably would be  found

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

- electric logs examined as part of this study indicate 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 thickness 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-
l16bd was drilled. The driller's log for Well 18-20-7ac shows

that alluvium was still present at a depth of 250 feet less

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

surfece. The driller's log for Well 18-20-5cd, less than 1,000’
feet from where consolidated rocks are exposed at the surface,
shows hard gray rock was encountered at a depth of 185 feet.
Descriptions of formatlon samples from Well 18-20-8ab, about
1,500 feet from where consolidated rocks are exposed, list
andesite turf in the depth interva} from 151 feet to the total

depth of 186 feet. The driller's log for Well 18-20—6ba (South

'Vlrglnla Street Well) lists bedrock occurrlng at a depth of 490

feet. ThlS well is’about 3,000 feet from the nearest exposure
of consolidated rocks. The driller's log for Well 18-20-7dc
indicates that bedrock possibly was encountered at a;depth of .
201 feet. This well also is about 3,000 feet from the nearest
exposure of consolideted rocks, but cohsolidated rocksdalso are
exoosed at ohiy a'sliohtly greater distance in the opposite
direction. The driller's log for Well 18-19-12db lists hard
rock (andesite) betweeh the depths of 287 feet ;nd 302 feet,
but the log also shows that some sand and clay occurred in the
1nterval from 302 feet to the total depth of the well of 385
feet. This well is about 1,000 feet from a small exposure of

consolidated rocks. ~ In the southern part of the study area,
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 the driller's log for Well 18-20-19ad shows that andesite, be-

f : : .
l%eyed to be bedrock, was encountered at a depth of 710 feet,

and the driller's log for Well 18-19-24ab shows red volcanic

rock (SOlld) was encountered at a depth of 591 feet. These two

-

wells are about a mile or more from exposures of consolldated

: rocks. The driller's log for Well 18-20-30cb,, located a few

hundred feet from an exposure of consolidated 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

location generally canhot be predicted without nearhy log data.
HoWe;er, it should be expected that reworked consolidated rock

or consolidated rock would be present at relatively shallow

depthsvnear the consolidated rock outcrops in the study area.

7/

General Geologic Structure

 The South Truckee Meadows'area is in a north-south trend-
1ng structural depre551on or basin flanked on the east and west

by the Vlrglnla and Carson Mountaln Ranges, respectlvely. The

‘baS}n resulted from downwarping and from movement along faults

bordering the basin. As shown on Figure 2 numerous faults cut

-

the older alluvium and‘older unconsolidated 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 drillers' logs of test holes and wells drilled
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in the study area. The deposits which underlie the younger-al-
luv1um in the north and east parts of the South Truckee Meadows
area probably have been displaced by faults but such faults
would be,obscured by the covering of the younger alluvium.
Faults may provide ‘avenues for hot water to move up from deeper

consolidated rocks in the basin.
EXISTING WELLS

: Records for 56 wells are given in Table 1 and the loca-

- tions of the.wellsvare shown on Figure 1. Twenty-eight of the

wells were drilled‘for domestic or stock use, 7'were drilled

for-irrigation, 11 were drilled for public supply, and 10 were

drilled as test wells. Three.of the domestic and stock wells,
one of the‘irrigation wells, and one of the public supply wells
are reported to be unused.

There are many other small-capacxtj domestlc wells in the

study area, for which records are avallable, that are not in-

hcluded in the table or shown on the map. An attempt was made‘

to obtaln records for all large capacity public supply, 1rr1ga-

tion, - and lndustrlal wells in the study area and information

for these wells is included in the table. Domestlc wells were

-

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

depth and avallablllty of chemical quality or well product1v1ty

"data for them.» Many of the small—dlameter domestic wells that

are not in Table 1 or on Figure 1 are in the area between about

1/2 mile and 2 miles west of Highway 395 north of Zolezzi Lane.



vThe 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 w1th the State Engineers Office. It is believed -
that in some cases the ownership of the land and the wells prob-
ably ‘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 stainless
steel wire-wrapped screen on pipe. A majority of the large-

capacity public supply wells and test wells were constructed

- with gravel around the screened intervals. The thickness of

the gravel envelope placed around the soreened seotions ranges
from a few inches to about 10 inches. Well construction oata
are given in Table 1 for the wells shown on Figure 1.

' énmping rate, specific capacity, and screened interval.

data are given in Table 1 for wells for which the data are

- available. Pumping rate and spec1fic capacity data are also

shown on Figure 3.
The pumping rates at which"specific capacities were de-
termined for the public supply wells range from 120 to 1(000

gallons per’minnte>(gpm). The specific capacities for Wells

'18-20-6ba, 19-19-35ad, and 19-20-31ca were 16.1, 27.2, and 7.6
gallons per minute per foot of drawdown (gpm/£ft), respectively,'

“when the wells were drilled. These wells are Sierra Pacific

Power Company's South Virginia Street Well, Lakeridge Well,
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and DeLucchi Lane Well, respectively. The specific capacities |

for three public supply wells drilled for Washoe County and /

27 18-20-19ad, and 18-20—l9db1 were

designated Wells 18-20-19aa
7.5, 2.8, and 6.4 gpm/ft, respectively, in 1984. Test Wells

- 18-20-8ab and 18-20-8dc, which belong to Washoe County, had

specific capacities of 9.2 and 11.7 gpm/ft, respectively, in

January 1981 and February 1984. Thus, the available data indi- /

cate that the large-capacity public supply wells and test wells

located in thg south and east-central part of the study area
generally do not have specific capacities as high as those for
two of the three public supply'wells drilled in the north part .
of the study area. '

A former irrigation well, 18-20-7dc, is reported to have
had a specific caéacity of 23 gpm/ft when it was drilled in
1947.‘,The U. s. Ceological Suivey répdrts that Well 18-19-12db,
an unused stock and fish hatchery well, was pumped at a rate of

1,000 gpm when it was .being used prior to 1964.
PUMPAGE AND WATER LEVELS
Pumpage

Available>aata indicate that very few wells had been
drilled in the area prior to the late 1940's, and pumpage of

ground water in'the study area probably was'very small prior

. to about 1950. Pumpage increased during the 1950's and 1960's

as urbanization of the area occurred.
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The" Company s South Virginia Street and DeLucchl Lane

Wells were drllled 1n 1968 and 1971, respectlvelQ and records

indicate that pumpage of ground water from them averaged 0. 26,

0.7, 0.74, and 0.93 million gallons per day (mgd) in 1970, 1975,

1980, and 1984, respectively. Pumpage from the Company's Lake—b

‘ridge Well did not begin until May 1985.

In the southern,part of the study area, Trans/Sierra Water
Company pumped water from wells located in Sections 27 and 28
in T18N, R20E, until the summer of 1985. Pumpage data available
for the period 1976 through 1982 show average_daily.puméage
from the wells was 0.43 mgd. Pumpage from these wells was dlS-
contlnued in June 1985 because of the availability of better
quallty water, and water subsequently supplled to the Trans

Slerra water dlstrlbutlon system has been obtalned from wells

' located in Section 19 of T18N, R20E. Pumpage from these wells

averaged 0.66 mgd for July through October 1985, whlle supply-

1ng»water to about 750 connectlons. Water for public supply

use also is ohtained from Well 18-19-24ao 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 South

Truckee Meadows area is estimated to be about 1.6 mgd |
’ The exact amount of water that is pumped each year for

irrigation is not known, although it is estimated to average -

" less than one mgd. The amount of water withdrawn from numerous

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

although it is believed to be somewhat smaller than the amount
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of water that is withdrawn for pgbl%c supply in‘the study area.
It is estimated that total ground-wéter pumpage in the South

Truckee Meadows area during the past few years probably has

averaged about 3 mgd.

Water LeVeIS’

,Available water-level data are sStatic water-level measure-

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

levels measured in producfion'wells or test wells owned by thé

County, and water levels measured in wells by drillers when the
wells were drilled and constructed. The water-level data are

giQen in Table 1. The elevation of the static water level,

- depth to static water level, total depth or screened interval

of a well, and the date of theimeasurement are shown on Fig-

7
ure 4. The water-level elevations shown on Figure 4 indicate
-that the hydraulic gradient in the water-bearing alluvial

‘material in the west and southwest part of the study area gen-

erally ranges from about 80 to 120 feet per mile with the direc-
tion of flow beipébté'the easé-northeast. As water moves
through'théyalluvium to the eastfnortheast, ;he:hydraulic gra-
dient decreases generally.as‘the slopebofvthe land surface
decreases. Thisbéould be attributable to a change in the trans-
missiVify of the aquifer and it also could be attributableito
natﬁral discharge of Wate: in.;he area along parts of Highway

395 and to the east of it. 1In the valley floor of the South,

[
7
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Truckee Meadows area the hydraulic gradient is on the order .of
: I -

- of 20v to. 30 feet per /fmile.

The only lohg-térm records of water levelsvin wells in
the study area are for the Company's DeLucchi Lane and South
Virginia Street Wells. Hydrographs showing static water levels
measured in the_wells are given on Figure S"along with pumpage
records for the wells., Most of the pﬁmpage f:om these wells
occurs during the spring and summer months. Static’ water levels
in the wells decline some during the spring and summer in re-
spdnée to>pumpage, but the wa£er levels recover during the fall
and winter whén pumpage from the wells normally is relatively
small; - \, . |
| The étatic,watef-level data for the South Virginia Street

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

decline in the well sinde pumpage began about 1970. Pumpage

~from the wgllméveraged about 0.24 mgd in 1970, fluctuated be-

tween about 0.4~and 0.9 mgd between 1972 and 1981, and hés aver=-
dged about 0.72 mgd for the period 1982 through 1984. Pumpage
records are availabléffpr‘the DeLucchi Lané Well for theléeripd
1972 through Jtné 1955.“ The ;ecord indicatesbthe average dailvy
pumpagé from the well has ranged from about 0.16 to.about 0.3

mgd and averaged about 0.22 mgd for that time period. Water-

'level data for the DeLucchi Lane Well showuthat the static

water level has declined no more than about 11 feet from the
beginning of 1973 to the beginning of 1985. Thus, there has

been_dnly a Smal;'amount'of watér:level'decline4in both of

/

7
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thesetwells since they were originally drilled and constfucted,'

and st%tic water levels in the wells were about 10 to 15 feet

below land surface in December 1984. The wéter-lével and pump-

age data from these two wells indicate that possibly some natu-

' ralldischarge has been intercepted ana/or additional recharge

induced by the small amounts of static water-level declines

that have occurred. | |

| - Monthly megsuremehts of the static water level in Well
18-20-7dc are ayailable for ‘1950 through 1959. The weli screens

material in the depth interval above about 197 feet. The well

- is located about 800 feet northeast of Last Chance irrigation

‘ditch. Water-level data collected during the 1950-to-1959 time

period show that the static Qater level in the.well responded
td\water flow in the ditch and irfigation_in proximity to the
well, The static water levelvin thevﬁell would sté;t rising

ﬁbout one month after watér,started flgwing'down'the ditch in

the spring;of the'yeak. Water levels would continue to rise

~in the well, sometimes as much as 6 feet in one irrigation

season, until about November of each year when the static water

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

éarly December, water levels would decline in the well until

_’water was introduced into the'irrigation ditch at the beginning

of the next irrigation season.
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RECHARGE, MOVEMENT, AND DISCHARGE OF GROUND WATER

The water-bearing materials in the South Truckee Meadows
a:éa_are recharged from infiltratioé 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 percdlation of water applied for

' irrigation of pasture, row crops, lawns, and other plants, and

- from wastewater discharged from septic tanks. Avérage precipi-

tation in the area of South Truckee Meadows’wheré the a;luvium
occurs ranges from about 8 to 18 inches per year, and recharge
from direct'precipitatidn on the alluviﬁm probably is small.

Two methods‘have'beéh used in the past by the U. S. Geolog-

ical survey for estimating recharge in the Truckee Meadows area.

‘One method is presented'in'Water-Supply Paper 1779-5 published

in 1964 and another method is presented in Water Resources-
Réconnéissance éeries Repoft 57. The two methods for estimat-
ing recharge are discﬁssed in the following parégraphs.

The U. S. Geological Survey estimated in 1964 that re-
charge from»infiltration of streamflow in ailkof Truckee_Meadows,
other than from the-Truckee River, was less.than 1,000 acre-feet
per year._ The Survey estimated that most of this recharge oc-.
curfédAon the west side of therMeadpwé.« Underfi;w from Pleasant

Valley into the South Truckeé‘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 about 6,000 acre-feet per year of the 25,000
acreffeet of water lost from the irrigation ditches in Truckee
Meadows réached the grouhd-water reservoir and that approxi-
mately 1 acre-foot per acre cf the water applied for irrigation
percolates into the cround-water reservoir. Since 1964 some

of the irrigation ditches in Truckee Meadows have been lined

- with concrete or improvedvin other ways so they do not leak as

- much water. Observations made during this study indicate that

almost all of the irrigation ditches in the South Truckee
Meadows area are still unlined. |

| A significant amount‘of recharge to the water-bearing
materials in the South Truckee Meadows area is from'seepage
from irrigation ditches and deep percolation of water applied'
for irrigatien. The amount of irrigated acreage and. the amount
of water applied per acre per year directly 1mpacts the amount
of recharge to the water-bearlng materials. A map prepared by
Murray, Burns a-Klenlen in 1981 shows that there were about

6,000 acres of 1rr1gated land west and south of Huffaker Hllls.

Based on field work done for this study, it is estlmated that

V irrigated’ acreage may have been reduced about 5 percent in the

study area since 1981 due to chahges in land use:. There also

- ) . .

are about 2,000 acres of land located to the south~southeast of

Huffaker Hills along Steamboat Creek that are described by

, Murray, Burns & Kienlen as being marsh or meadow and irrigated

b& wild flooding or wastewater.
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if it is assumed that about 1,000.t6 2,000 acre-feet per
year of recharge is attributable to iosses from ifrigation
ditches based‘on the length of ditches .in the study area, 6,000
acre—fest per year lS attrlbutable to deep percolation of lrrl-
gation water, 500 acre-feet per year comes from losses in
streams that cross the South Truckee Meadows area, and 700.acre-
feet per year comes from underflow from Pleasaht Valley, then
recharge in the Soufh Truckee Meadows area wQuld be about 8,200
to 9,200 acre-feet per year. This estimate of fecharge could

be low as it does not include any recharge to the water-bearing

materials from precipitation directly on the alluvium and the

consolidated rocks in the Virginia and Carson Ranges.

In Water Resources-Reconnaissance Series Report 57, poten-

tial recharge“to all of Truckee Meadows was estimated to be

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

Meadows and about 1,000 acre—féet,per year from the east side
of Truckee Meadows. 'Rechsrge was estimated using the generalA
method described bY'Eakinvand_others in Nevada State Engineer
Water Resources Builetin 12, The method assumes that in each

altltude zone a certain percentage of the prec1pltatlon re-

‘charges the ground-water reservoxr,‘w1th that percentage depend-

ing on the average amount of snow and ralnfall within the zone.

The aquifers in the South Truckee Meadows area are_still

."essentially full even though pumpage of ground water has in-

creased in the past 30 years. The_rejectisn of rechargé con- .

tinues to o¢cuf ss indicated by the continuing flow of water v
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in the drains in the area. As pumping increases in.the study
area and water levels are lowered in areas where the ahuifers
are essentially full and rejectlng recharge, the recharge from
streams, dltches, and lrrlgated land will increase. Also, as
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 -
pointsbof 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 wells, as discharge into‘streams\and
drainage ditches where the elevation of the poteﬁtiometric'ﬁead
in the reservoir is greater.than the elevation of'the stream or
ditch, and as evapotranspiration by plants where'the roots ex-.
tend to or near the water table, especially in the part of the
South Truckee Meadows area east of nghway 395-where water
levels are at or near the land surface.

The U. S. Geologlcal Survey estlmated that, excludlng
pumpage,'about 10 000 acre-feet per year of ground-water dis-

charge occurred in ‘the area between the south side of Huf faker

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

water discharge was based on seepage measurements made along

Steamboat Creek iniDecember 1957. The pumpage of ground water

* in the South Truckee Meadowskareafin 1957 probably was rela-

tively small and limited to a small number of irrigation wells

and domestic and stock wells,
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RESULTS OF PUMPING TESTS
-

The transmissivity of -a water-bearing formation is a mea-

' sure of its ability to transmit water, and it is determined from

" analysis of data from pumping-tests made of wells screened in-

the formation. Transm1551v1ty is deflned as the number of gal-
lons of water that w1ll move in one day- through a vertlcal strip
of the water-bearing formatlon ‘1-foot w1de extendlng the full
saturated height of the water-bearlng formation when the hy-

draulic gradient is 1 foot per foot. The unlts for transmissi-

ity given in this report are gallons per day per foot (gpd/ft).

' Results of pumping tests performed.on\wells in the South ~
Truckee Meadows area are given in fable 2. \During a few of the
tests(‘the computed transmissivities of the formations changediA_
appreciably, and the different values of tfahsmissivity are
shown in the table for the different time pefiods of the‘tests;

These changes reflect changes in the transm1551v1ty of the for-

mation w1th dlstance from the pumped well Transm1551v1t1es,

computed from the data obtalned during the latterbpart of the

tests probably are more fepresentative‘of the regional trans-

missivity of the permeable materials screened in»the well that

was tested.

The'computed t:ansmissivities range ffom 1,406 to 45,000
gpd/ft‘for“the test data analyzed. The‘tfansmissiuity_of 1,400
gpd/ft was computed;from a pumping test of Well'18-20-30cbl
which is.reported.to screen fractured rock. The transmissivi-

~ties for the Company's DeLucchi Lane Well( South Virginia
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Street Well, and Lakeridge‘Well, whichvprobably produce at
least some water from the &oungerralluvium, range from 12,500
to 25,700 gpd/ft, and thelaverage for the three wells is’about
20,700 épd/ft The computed transmissivities for Wells 18-20-
8ab and 18-20- 8dc in the east~ central part of the area are
10,200 and 12, 000 gpd/ft, respectlvely, and those for Wells

18-20~ 19aal and 18-20- 19aa /in the south part of the study area

are 6, 900 and 10, 100 gpd/ft, respectlvely. Wells 18-20-8ab and

18- 20 8dc probably produce water from the younger alluvium or

a combination of younger and older alluvium, and Wells 18-20-

19aa1 and 18-20-19aa2 probably produce water from the older
alluvium. Thus, based on the available data, the average trans-’

missivity of the younger alluv1um appears to be somewhat better

‘than the transm1551v1ty of the older alluv1um. The specific

capacity of a well varlesvroughly in direct proportion with the
transm1551v1ty of the formatlons screened by the well. Thus
the wells with the best ylelds normally are those hav1ng the

best spec1f1c,capae1t1es and screened in formatlons with the

higher transmissivities. In.the South Truckee Meadows area the

best wells appear to be screened in the younger alluvidﬁ,por in
the case of the Lakeridge Well, younger alluvium and reworked
andesite and rhyolite. S -

Avallable data indicate that the water 1n the permeable

_ materlals screened in the wells occurs generally under artesian

to leaky- artesian condltlons in the study area. Thus, the
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water in the permeable material is not completely confined and

leakage from upper sands not screened in the wells occurs.
CHEMICAL QUALITY OF WATER

The chemical quality 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 gquality 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 manganese 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 Well,
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 levels of manganese for public
supply use. Results of chemical analyses show that, except
for well 18-19-1laa, the dissolved solids in water samples ob-

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

the study area range from 168 to 262 milligrams per liter (mg/1).

The dissolved solids in the water sample obtained from 18-19-1laa

was 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 sample
from Well 18-19-1laa which indicated a total hardness of 326
mg/l. 1In 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/l.

The Nevada Department of Health's recommended upper limit
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 Well 18-19-12bb was collected
after it had been pumping for.about 25 minutes. The well had
not been pumped 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 column, 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 Well
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18-20-7db indicates an iron content of 0.31 mg/l: The water

- from the well is being used for domestic supply and the owner
" of the well did not report that the water produced from the

~well contained an unacceptable amount of iron. Chemical analyses

of water samplés obtained from some of the sands in the pilot
holes for Wells 18-20-6ba and 19-20-31ca indicate concentra-
tions of iron in excess of 0.30 mg/l. However, analysis of
water samoles obtained from these wells after they were com-
pleted<do‘not show any concentrations of iron greater than
0.07 mg/l

The Nevada Department of Health's recommended uppet limit

for_manganese in water for public supply is 0.05 mg/1. 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 18-20-6ba (South

Virginia Street Well) were 0.16 and 0.19 mg/l, respectively.
Sands in the‘depth interval from 108 feet to 272 feet mere,

screened in constructing'a well that would produce Water with

- an acceptable amount of manganese. Water samples subsequently

obtained from the completed well have concentrations of manga-

nese of less than 0.05 mg/l. Chemical analy51s results for a

water sample obtalned from Well 18-20- 19aa2 in June 1984 show
a manganese content of 0.11 mg/l Thls well screens the deptn/

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
public supply in Nevada is 0.05 mg/l. This maximum upper limit
was exceeded in water samples obtained from.Wells 18-20-14bc,
18-20~17da, 18-20-20ab, 18-20-20ad, and 18-20-27bc. Wells

18-20-14bc and 18-20-27bc are located in the eastern part of

the South Truckee Meadows area. The other three wells are lo-

eated in the east-central part of the area. The concentrations
of arsenic range from 0.057 to 0.3 mg/l. The depths of the‘
wells range from 90'feet to 200 feet. Severai small test wells
were constructed in Sections 9, 16, and 17 ef T18N, R20E, dur-
ing expioratory work for a project that was called the Double
Diemond Development. ’The‘depths and exact locations of the

wells are not available to us, but results of chemical analyses

of water samples show that the concentrations of arsenic in

water from them range from 0.08 to 0.48 mg/l. Thus, the con-
cehtration of arsenie in the water throuéhout much of the east
end ceetral part of the South Truckee Meadows area probably is
above the maximﬁm upper limit for’public‘suppiy.

| The current maximum upper limit for fluoride is 1.8 mg/l
for water to be used for publlc “supply 1n the Reno area. Thls

llmlt for fluorlde was exceeded in water samples from Wells

18-20-28ba 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 mg/l.

Results of analyses for heavy metals in water samples-

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

vThé temperature of the water inpieéses with depth in all
groundéwaﬁer'reservoirs, The temperature 6f»the shalLoQ near-
surface water usually is about the same as the mean énnual air
temperature of the area in which it occurs. Available data fof
thé.Reno area indicate that the mean annual air temperature is
about 505 Fahrenheit andythat tbe ground-water temperature gra-

dient is about 1 to 1-1/2 degrees per 100 feet of depth down to

-~
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a depth of:about 200 to 250 féet. Below about 250 feet the
temperature appears to increase at a rate of about 2 to 4 de-
grees per 100 feet of depth. -In places where hot water is

present at shallow depths, the temperature gradient is of

. course much greater.

Infofmation obtained for this study shows that the tem-

- perature of water from Well 18—20-16bd; which screens the in-

terval froﬁ‘l,?OO £0'1,740 feet, is 111° Fahrenheit.  This
iemperaturé is iﬁ genéral conformance with fhe temperature .
gradients given abdve. ‘The owner of Well 18-20-20ba4which
screens alluvium in the interval from 140 to 300 féet reports’
that the-w;ter producéd from the well was 119° Fahrenheit,
which would be abnofmally high. Elevated watef‘temperaturés
were not :éported for the wells located nearby‘in’séction 19,

T18N, R20E or for the~other shallow wells located in proximity
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to Well 18;20-20ba. The available 1nformation indicates that
hot water is not produced from any of the Qeiés located in the‘
northern part of the study area. |

leemperatures of water produced by Wells 18-20- ésba and
18- 20 28cb are reported to be 271° and 293° Fahrenheit, respec-
tively. These wells are located at the north edge of Steamboat.

Hills which is a geothermal area. It appears that the rocks

below the alluvium in the southern part of the study area still

' contain considerable latent heat, and that ground water which

circulates near them and then up through faults in the older

alluvium has an abnormally high temperature at shallow depths.

~

FUTURE AVAILABILITY OF GROUND WATER

As discussed previously in this report, the estimated
potential recharge in the South Truckee Meadows’area probably

is at least 8,200 to 9,200 acre-feet per year and could be

‘more. The U. S. Geological Survey estimated that natural dis-

charge south of Huffaker Hills was about 10,000vacre—feet per
Year in 1957 and conditions'probably are not apgreciably dif-

ferent now. kThusfthere is a substantial quantity of water

“moving through thevaquifer‘in the South Truckee Meadows area.

' Pumpage of ground water from the Company's South Virginia Street -

and DeLucchi Lane Wells 1n the north part of the study area has
caused only a few to about 11 feet of static water-level de-

cline.
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At least, the amount of the annual recharge should be
available to wells on a perennial basis. In order to develop
the water without greatly lowering water levels 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 wells and limit the hydraulic gradient which would
cause any poor quality water to move laterally or upward from
below and enter the wells. 1If possible, wells should be lo-
cated in areas where additional 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 quality probabl? 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 drillers' 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 there is about
240,000 acre-feet of good quality ground water in storage. It

is estimated that one-half to possibly two-thirds of this water



could be removed from the ground-water reservoir before it .
- : .

becomes seriously}contaminated with poor quality water moving

in laterally and from below}‘ If the average rate of pumping

does not exceed the average rate of dlscharge that can be 1n-

’tercepted plus the additional recharge that can be induced,

only the amount 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 well, a cone of depression
is created around the well. Cones of depre551on from individual
wells expand and overlap and create a reglonal cone of depres-

~

sion. When a well is initially pumped, water is withdrawn from

storage in the sands and gravels located near the well. As

pumping continues and a sufficient head difference is created,

: water will leak down” from shallower sands and gravels and will

be replaced by water that is currently flow1ng to dralns or 1is

Abelng transpired by plants or evaporated where it is near or

at land surface. Some of the water that will be intercepted’
is currently belng wasted by transplratlon by plants and by
evaporatlon in marsh or swamp areas. Some of the ground water
that will be intercepted ‘would otherwise flow-into the drains
and eventually reach the Truckee River. i

Pumpage of ground water in'the South'Truckee Meadows area
is Stlll relatlvely small and probably averages about 3 mgd.

Water-level data show that the pumping has at most caused only

a small declrne in water levels in wells on a reglonal basis.
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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 declined about 11 feet or
less in the past 12 years.

Based on the amount of recharge estimated to be available
in the South Truckee Meadows 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 grouhd water is available for development in the study
area. Available data indicate that conditions for developing
the additional water possibly are better in the north part of
the study area than in the south part of it, although this is
not known with certainty. At present it is estimated that the
yield of wells drilled in the area could range from about 400
to 1,000 gpm. It is believed, however, that very favorable con-
ditions would have to exist at a well site to obtain a yield
of 1,000 gpm from a well.

As additional ground water is developed in the South
Truckee Meadows area, water-level, pumpage, and chemical quality
data for the production wells and water-level 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 Meadows area.
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TEST HOLE DRILLING

Test holes should be drilied in the South Truckee Meadows
area‘at potential production- well sites to determine if the
aquifer conditions are favorable for construet;dn of a large-
capacity well at the sites. The purpose‘of the test hole drill;

ing is to obtain information on the position, thickness, and

vcharaCter of the sands and gravels in the alluvium, the water

levels in'them, and the quality of the water they contain.

Informatien on the depth to beéfock also may be obtaiﬂed if it

is encountered at shaliow‘depths during test hole drilling.
Tentative locations for test holes are shown on Figute‘7

The primary sites are located where it is believed water of

acceptable quality occurs to a depth of at least 250 feet aﬁd

the tentative locations would provide relatively uniform

. spacing between wells, should'conditions at the sites be favor-

.able for construction of large-capacity wells. Three second-

ary test hole sites are shown in ah area that is in the very
southwest part of the‘Company's service area. Only a'small
amount of ground-water data are avallable in this part of the
study area. Should the Company need to prov1de water to this
part of its service area in the future, 1t 1s believed test

holes should be drllled in the area to determlne if the allu-:

- vium is capable of supplylng an adequate quantlty of acceptable

quality water to make wells fea51b1e.
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It is understood that the Company plans to build a booster
station in the north-central part of Section 7, T18N, R20E,
and would like to have a production well at the site. There-
fore, the first test hole should be drilled 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 drilled to a depth of about 500 to
600 feet. Data obtained from the first test hole should be
used to help determine the depths to which subsequent test
holes should be drilled. Circulated drill cutting samples
should be collected at 10-foot intervals from all water-bearing
material in each test hole. A Schlumberger-type electric log
with multiple resistivity curves should be made in each test
hole after the total depth is reached. After the drill 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 Company's South Virginia Street and DeLucchi Lane Wells,
it is believed that several water samples should 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 invparticﬁlar acceptable levels of iron,

manganese, and arsenic.

There are a number of methods for taking water samples.
$he'method that was used successfully during exploratory drill-
ingsin alluvial deposits at the Company's North Valmy Generat-
ing Station is the gravel-up method. With this method, a tem—

porary small-diameter (4-1/2-inch) gravel-walled well is con-"

‘structed in the test hole with 4-1/2-inch casing and 4-1/2-inch

sletted'pipe or screen opposite the permeable interval to be
sampled. Gravel is placed below, around, and above the slotted
pipe or screen set in the interval to be sampled to provide a
means for isolating this sectionvfrom other permeable strata in
the test hole. Water should be pumped by airlift and/or.with

a submersible pump untll the water is clear and acceptable for
sampling and chemlcal analysis. After a water sample is ob-
tained from the deepest interval to be sampled, the temperary
casing and screen are removed from the hole and used to con-
struct_a temporary well in the next shallewest interval to be

sampled. The procedure is repeated until water samples have

‘been obtained from all zones selected for sampllng. It may be

p0551ble to take water samples from permeable strata above a

depth of about 250 feet by constructing wells u51ng 4-inch or -

6-inch diameterkPVC casing and screen.

- Preliminary estimates of the cost of test hole drilling
were obtained frem two well drilling contractors. One of the

contractors, Layne Texas Company, drilled all of the wells .,
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currently in use im the Company's water system except the
Lakeridge Well. The other estlmate was obtained from Sargent
Irrlgatlon Company in Reno. Representatlves of both companies
stated that the estimates are preliminary and that the esti-
matesvare subject to change after specifications are presented
for pid. VAlso Saréent Irrigation Company's,estimate is based
on the assumption that drilling will progress smoothly and'that
the owner would pay the contracte: for remedying-any problems
resulting from lost circulation in the hole; Mr. Leland Lawson,
Vice President for brllliné Ope:ations_with Layne Texas Company,

estimated the cost of a 600-foot test hole complete with a

- Schlumberger-type electric ng would be $33,000.00. In addition,

the cost of mobilization and demobilization from Houston, Texas

to Reno and back was estimated at $45,000.06. The cost of tak-

- ) . /
"ing a water sample in a test hole using the gravel-up method

was estimated at $7,500.00 to'$8,500.00 pef sample. Ms. Karen

" Rosenau of Sargent Irrlgatlon Company estimated the cost to

drill a 600-foot test hole complete with a Schlumberger—type
electrlc log would be about $13 000.00. She did not prov1de
a price for taklng water samples by the gravel-up method 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, at this time we estimate the cost of a 600-foot deep test

: hole and four water samples obtalned from it could cost about

$45 000 00 to about $80,000. 00. These_estlmates assume a price



of $8,000.00 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.

We suggest that specifications be preparéd 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 pilot
well will not be known 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-wall type of well construction was
used for construction of the Company's 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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