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EXECT]TIVE SI'MMARY

During the autumn of 1993, the Washoe County Utility Division
conducted an exploratory drirling program in order to locate
potential sites for production wells and to assess ground water
supply for the St. James' Village Subdivision. Fredrick Purnp and
WeIl Drilling was awarded the low bid, drilling contract. Washoe
County personnel supervised the drilling, geophysical logging and
Iithologic logging.

Air rotary drilling methods $rere mostly employed. The
drilling encountered cornpetent and fractured andesite as well as
andesitic sands and gravels. Production zones appeared to be
confined to the sands and gravels or lahars. Four test wells were
constructed to depths of between 36O and 788 feet.

Willian E. Nork, Inc. was contracted to conduct short term
purnping tests in order to assess the potential for production well
sites. A11 four sites appear to have the long term potential to
produce at least 300 gpm. There does not appear to be any water
guality concerns.

It is recommended that three wells be constructed to provide
service to the subdivision. These wells should be equipped at 300
gPn each. Drilling methods and well construction design
reconmendations are made. These production we11s should be purnp
tested for a minumum of ten days each.
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INTRODUCTION

The St. James,s Village Tenative Map was approved in t99Z by
the Washoe County Board of County Comnissioners. One condition of
the project was to verify the long term water supply. The Washoe
County Utility Division conducted an exploratory drilling program
in order to locate potential sites for production wells. Figure 1
shows five locations targeted for exploratory drilling. The
drilling program's objectives were:

1. To drill approximately 500 feet per well and if
warranted,

2. construct a four or six inch test well and,
3. conduct an air lift flow test to assess potential

for a production well.
4. Make an assessment from the entire program as to

the potential long term supply.

DRILLING OPERATIONS

Through a low bid process, Fredrick Purnp and WelI Drilling was
awarded the drilling contract. Two Ingorsall Rand TH-60 Top Head
Drive drilling rigs were used for the project. Tricone bits were
used to drill 10 inch nominal boreholes. The borehole depths
ranged from 300 to 788 feet. Air rotary drilling rnethods qrere used
on test holes I, 3, 4. Air and mud rotary methods were used on
test hole 2. The drilling fluid (mud) consisted of high yield
bentonite clay with minor amounts of synthetic polymer additives.

Utility Division personnel supervised the drilling operations
and performed the lithology sarnpling. Samples $rere collected
throughout the borehole and bagged at ten foot intervals. Borehole
geophysical logs (electric, caliper, and gamma) were run by Welenco
and Century.

The boreholes were then constructed as four or six inch
diameter, steel cased test wel1s. Local 4 x 8 gravel was used for
the gravel envelope. A fifty foot seal was installed. The wells
were air lift developed until clean, then air tifted for production
assessment. Table 1 lists the construction of each well. After
pumping tests were completed, the wells hrere retrofitted as two
inch diamter monitor wells.

Tab1e 1
Test WeIl Construction

Casing Total Casing Slot Devel. Static
Test Diameter Depth Depth Interval Time Level
Hole (in) (ft) (ft) (ft) (hrs) (ft
1 4 788 770 470-770 1.5 403
2 6 640 535 none 0.0 245
3 6 500 580 280-580 3.5 230
4 6 360 360 240-360 4.5 190
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DESCRIPTION OF LITHOLOGY

A general description for each borehole follows with the
complete lithology described in Appendix 1. Appendix 2 contains
the geophysical }ogs for each borehole.

Test HoIe 1

Mixed, unconsolidated colluvium was encountered to a depth of
260 feet. Andesitic extrusives htere encount,ered from 260 to 29O
feet, 37O to 390 feet, 5'7O to 601 feet, 670 to 705 feet and 772 Eo
788 feet where the drilting ceased. Sand and gravel deposits were
mostly encounterd between these fractured rock formations.

Electric and caliper geophysical logs were run. A sonic log
rras attempted, but the Welenco operator had no confidence in the
results. Borehole fill prevented the logging tools from getting
below 710 feet. The resistivity log shows a general resistivity of
50 ohm-m except between 570 and 600 feet where the resistivity is
approximately 100 ohm-m.

Water production zones were rnostly below 540 feet and
continued to the hole bottom. At best, water production frorn
normal air drilling operations was approximatley 2oo gprn. The
static water level was 403 feet after development.

Test Hole 2

Mixed, unconsolidated colluvium was encountered to a depth of
260 feet. Hard and competent andesite was then drilLed to a depth
of 530 feet where lost circulation problems occured. The borehole
was then geophysically logged, cased with 6rr blank casing, and
sealed to 50 feet. A six inch hammer bit was then used to drill to
560 feet when copious amounts of water rrflooded outrr the harnmer.
The borehole was then tricone drilled to 640 feet in gravels.
There $ras no discharge or drill cutting returns below 550 feet.

Geophysical logging consisted of caliper, guarded focus
resistivity and natural ganma (Century Geophysical, Inc. ) . The
garma and caliper logs confirm the competency of the andesite from
260 to 52O feet. The resistivity jurnps remarkably from
approximately 70 ohm-rn to approximately 25O ohm-m below the
andesite at 530 feet. Borehole fiII linited the tools to a depth
of 505 feet.

An unconfined aquifer exists from about 23O Eo 260 feet with
Iirnited production (air lifted at approxirnately 20 gprn) . From 260
to 525 feet, hard, competent andesite probably has limited
production from fractures. The zone of interest then, lies below
525 feet. Air lift production was well in excess of 100 gpn at a
depth of 560 feet and probably increased with depth below 600 feet.

I
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Test HoIe 3

Mixed, unconsolidated colluvium was encountered to a depth of
188 feet. Andesite was drilled from 188 to 280 feet, then rounded
to angular, mixed vorcanic sediments to 346 feet. From there a
dark blue, volcanic formation was encountered mixed with red cinder
(?) to 460 feet,. This unit drilted relatively fast, but is
probably competent material. From this depth to 5Oo feet there waspoor return of cuttings. At 500 feet the cuttings were murti-
colored vorcanics to a depth of 540 feet where poor returns
continued to 600 feet. From 573 to 600 feet the drillingpenetration rate decreased indicating a more competent volcanii
unit.

Geophysical logs run were caliper, naturar gamma, and guarded
focus resistivities (Century Geophysical, Inc. ) . A zone of
relatively high resistivity (100 2OO ohrn-m) exists between 340
and 44O feet.

Water production zones began at 28O feet such that at 4OO
feet, aPproxinately 60 gpn was being airlifted. Production picked
up rernarkably from 500 to 600 feet so that about 150 gpn wasproduced. Returns were int,errnittent and surged from 540 to 600
feet. An air lift flow test $/as run for two hours at approximately
120 gpn in the completed well

Test HoIe 4

This borehole encountered unconsolidated silt., sand and gravel
to a depth of 180 feet. Lost circulation was encountered to a
depth of 300 feet. Cutting.s frorn 300 to 360 feet were a dark blue
to purplish andesite, angular and coarse with minor amounts of
rounded to semi-rounded gravels. Lost circulation problems
occurred such that mud rotary methods were employed below 360 feet,
but with no success. In order to preserve borehole stability,
drilling ceased.

century Geophysicar, rnc. ran naturar gamma, guarded focus
resistivity and caliper logs. The results are unremarkable and may
show signs of mud invasion below 340 feet. Water production zonel
began at 290 feet and increased with depth to 360 feet. An air
lift frow test was conducted for 90 minutes at 90 gpn in the
completed well.

Test Hole 5

The drilring of this exploratory test hole was not pursued.

WATER QUALITY

Water sanples were taken from aII test welIs. The analysis
iindicates that these waters meet state and federal drinking wlter
standards. This ground water can be classified as cilcium-
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bicarbonate. Table 2 lists some of the constituents for these
wells. The full analysis' can be found in the appendix.

Within the South Truckee Meadows ground water systern, calcium
bicarbonate waters are indicative of recently recharged ground
water (Widrner, 1990). These waters are characterized with low
values of total dissolved solids, chloride, sodium and sulfate.
The sampled waters are also low in iron and manganese. Domestic
wells within the area do have iron and manganese values that exceed
drinking water standards based on Nevada State Health Lab reports.

Table 2
Water Quality Summary

(ppm)

WeIl TDS Fe MN AS CACO3 CA NA CI SO4

sJ 1 zLO 0. 04 0.05 <0.005 L27 2l L7 6 5
sJ 2 2t3 0.03 <0.01 <0.005 L24 20 t2 4 3
sJ 3 L72 0.07 <0.01 <0.005 Ltz 20 8 9 3
sJ 4 185 0. 06 <0. 01 <0. 005 238 24 11- 6 8

PUMPING TESTS

Williarn E. Nork was contracted by Sierra Reflections
Corporation to conduct pumping tests on test wells 2, 3 and 4. The
report trst. James Village Exploration Wells SJ-3, SJ-4 and SJ-2
Testing Resu1ts" details the step-drawdown and constant discharge
purnping tests. Table 3 summarizes the results.

Table 3
Purnping Test Results

WeII Discharge Drawdown Duration Transmissivity't Conductivity
sJ- (gpn) (feet) (hrs) (gpd/ft) (ftlday)

2 L40 46.33
3 L52 45.23
4 L52 31.01

42.5
27.O
4L.7

3900
3900

r-6500

7.5
L.7

r_8.4

* As calculated by Nork, L994

HYDROGEOLOGY

Figure 2 is a cross section of the test holes drilled and the
GuIf Mineral's rrstrat HoIe 10rr (Carnpbell, L982) as shown in figure
1. The study area can be characterized somewhat as a volcanic
pediment overlain with an alIuvial veneer. Between volcanic flows,
rubble zones of sand and gravel and lahar formations exist. During
the drill cuttings inspection, many of these sands and gravels
could also have been described as weII fractured and broken
andesite given their coarse and angular nature. Several north
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trending faults appear to offset the andesite such that individual
flows are discontinuous from east to west; this structure may also
be a result of the paleo-depositional and erosional environment.
Based on this and other drilling programs, the rrpedimentrr extends
south to Washoe VaIIey, west to the Carson Range, east to the
Steamboat HiIIs and north to the Callahan Ranch area where an
apparent east-west fault scarp

Ttre west to east piezometric gradient appears to be consistent
with water levels located in alluvium on the Galena Fan to the
north (HydroSearch, 1991). This nay indicate that there is good
hydraulic communication between the pediment and the a1luvial fan.
It was not determined if the faulting acts as a barrier to ground
water novernent. Hydraulic conductivities appear to range from poor
to good. Qualitatively speaking, it appears that there is
sufficient ground water movernent, and thus supply, to satisfy the
needs of this 540 home subdivision.

Water production was noted mostly in the sands and gravels (or
well fractured and broken andesite). AIt four sites have the
potential to produce at least 300 gpm from properly constructed
production wells based on the purnping tests conducted. Unless
production wells are constructed deeper, maximum production per
well is probably on the order of 500 gpmr specifically at sites 2
and 4. While test well 1 was not pumped, test well 4 proved to have
the best potential for ground water exploitation. Because test
wells 3 and 4 are located close to the mountain front and in
faulted areas, production may be lirnited due to impermeable
boundary conditions which, to date, have not been documented.

RECOMMENDATIONS

Average and peak day demands for this proposed subdivision are
approximately 300 gpn and 800 gpmr respectively. Three wells
eguipped to punp 300 gprn each are sufficient to service this
subdivision. Production wells should be located sequentially at
sites 4, 3 and 2. This spacing should eliminate well interference
effects and, more importantly, allow for more efficient ground
water capture. Limiting production at site 4 will lessen the
effects of drawdown on domestic wells located in the irnmediate
area.

At site 4, the test hole encountered lost circulation zones,
was only drilled to 360 feet and the cornpleted well was highly
inefficient. The production borehole should be drilled to a depth
of 600 feet to further explore the aquifer potential. This should
be drilled with the dual tube reverse method in order to overcome
the lost circulation problems. Using the previous pumping test
data and a more efficient well design, the pumping level should be
between 24O and 250 feet at a pumping rate of 300 gpln. The well
should be screened from 300 to 600 feet. Ten inch casing shoutd be
used. Please note that nothing is known of the aquifer below 360
feet.
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At site 3, the test well's maximum production is 150 gpm based
on locating the punp above the slotted portion of the well, a
conmon practice for the Washoe County Utility Division. Nork,
(L994) suggests that the test welI is highly efficient. Therefore,
constructing a production well at this site. may yield less than 3oo
gpn if the same depths and screen intervals are used. The
production well borehole should explore below 500 feet and
ultimately be cornpleted to at least 600 feet. The top of the
screen should be located at 350 feet below land surface in order to
allow adequate purnping drawdown. Ten inch casing is also
recornmended.

At site 2, the production zone is below 530 feet. The
production well borehole should be drilled to 700 feet. The
screened interval should be from 530 to 700 feet. This well design
will accomodate 300 gprn production and a1low for adequate long term
drawdown. Ten inch casing is also recommended.

Drilling rnethods should enploy the duaL tube reverse method in
order to eliminate lost circulation and borehole stability
problems. At site 2, air hammer techniques should be used from 260
to 530 feet. After well completion and development, ten day
puurping test should be run at aII sites. Given the nature of the
aquifer materials, this tine frame will assure that adequate data
is collected to:1) assess possible aquifer boundariesr 2)
determine effects on domestic wells and 3) ensure that water
quality standards are met.
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Canpbell, GIen 8., L982.
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Footage

oo0-o48
048-105
105-162
L62-260
260-290
290-3 10
3 10-370
370-390
390-570
570-601
601-666
666-670
670-7 05
705-772
772-788

000-038
038-264
264-524
524-640

LITHOLOGY

Description

TEST HOLE 1
silty sand with cobbles
cobbles with silty sand
silty sand with cobbles
silty, coarse sand w/occasional cobbles, minor water
andesite
andesitic aravel and sand
sand and gravel
andesite
volcanic sand and gravel, water production zone 545 ft
andesite
silty sand
silty, tan clay
andesite
gravelIy, silty sand
andesite

TEST HOLE 2
mixed clay, silt and sand
andesitic and granitic sands and gravels, minor water
hard andesite
sands and gravels, lost circulation zone, good water

production

TEST HOLE 3
clayey, silty sand with gravels and cobbles
granitic and volcanic sand and gravels
granodiorite boulder
volcanic aravels and granitic/volcanic sands
andesite
andesitic welded tuff (?), broken and water bearing
rnitti-colored volcanic sands and gravels
med. to coarse, black, volcanic sand mixed with multi-
colored volcanics
red and dark, blue andesitic cuttings; poor returns
coarse, dark blue andesitic cuttings; poor returns
multi-colored, volcanic dans cuttings; good water
production zone, poor returns.
poor returns, harder drilling: some light green volcanic
cuttings; caving problerns at 580-500 feet.

TEST HOLE 4
sandy silt
sandy gravel
sandy silt with minor gravael
lost circulation zone, Do returns
dark blue, andesitic sand and gravels, Iost circulation
at 360 ft; good water production zone

o00-060
060-082
082-091
091-170
170-280
280-300
300-346
346-42L

42L-437
437-500
500-573

573-600

ooo-080
080-120
120-1s0
180-295
295-360
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o OFTTCE USE ONLYSTATE OF NEVADA

DrYrsroN oF WATER RESOURCES

WELL DRILLER'S REPORT
- Pltese complete this form In lts entlrety in

eccorducc with NRS 534.170 end NAC 534.340

Log No.........

Permit No...--.......

I PRINT OR TYPE ONLY
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PERMIT NO. 59.632- 
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WORK PERFORMED 5. WELL TYPE3,

6.

t
I
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r##' D Replace E Recondition
fl Abandon E other

LITHOLOGIC LOG

E cable D Rotary E nvc
Air

WELL CONSTRUCTION
Depth Cascd-J;O Fcet

I
t
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I

HOLE DIAMETER (BIT SIZE)
From To

CASING SCHEDULE
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From
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I
I
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i/

t
I

Date started-;64y'.-2 . i: : _-, 19.93..

WELL TEST DATA

TEST METHOD: E Bailcr EI NImp

c.P.M. | ,.*?ti,#soo
I nir rin
Timc (Houn) Jackeon, CA 95642

I USE ADDMONAL SIIEEf,S IF NECESSARY

Frorn----/f.Q fcet to 770 fccr
Fronu---....-.-_--_fect to .- *, fcct
5rm--.-.-fcet to -- fccr

I}pc pcrfontion -l{{+1'-€+6't-
Size pcrforation-$32-* 3::-

Froufectto fea
Frorn----.--feet

ScaI Typc:
B Neat Cemcnt
E Cemcat Grout

$f Concrere Grout

Surfacc Seal: F Vo E No

Depthoffu
Placement Mcthod: tr nunpca

R porrr.O

Gravcl Packcd: QYas E tto
Fro@fcct

:S.I.
Walertempcraturc-oF Quality-
IO. DRILLER'S CERTIFICATION
This well was drilled under my supervision and the rcport is truc to the
bcst of my knowlcdgc.

Nevada contractor's licensc numbcr
issued by the State Contnctor's go6r'd - .OO3611 1 i . .

Nevada drillcr's liccnsc numbcr issucd by thc
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2. LocATIoN-l\Ft-r/r-----!lE-r/r Sec. trr, --T-J7..N.-.-.--N/S R--Ia F ..-..-...Jashoe,--Counry
PERMIT NO.-. I

3. WORK PERFORMED WELL TYPE

S New Well E Replace D Recondition
[1 occpen E Abandon 0 othcr---

LITHOLOGIC LOG

Datc srartcd.---l{ev. 22 .--, 19--9-.3-.

Dare completed--Ieq. 't 2 .l--.-, fS.9-.3-.

WELL TEST DATA

E Bailer Sn.p
Dnrr Down
ct Bclos Stilic)

D cable D Roary tr nvc
F air Fl othcr-.81{ld-

8. WELL CONSTRUCTION
Depth DrillEl 640 Feet Depth Cased---535---Feet

HOLE DIAMETER (BTT STZE)
From To

Wcieht/Ft.
Oonods)

I
l,
I

I
I
I
t

Sizc O.D.
Onchcs)

t""ff$l;"Ffi 
"P'"*"'*tffi J3:

Size pcrforatioD--3/-32--x-3l--
Fro&feet to-----630-fccr

I
I

fcct to-fcct
Froufect
Froufeetto-.-_.---fea
Fronr----feet to-fcct
Surfacc Scal: F Vo E No
Depth of Seal--S0J
Placcment Mcthod: tr nrmpeA

[f Poured

SeaI Typc:
E Ncat Ccmcnt
E Ccment Grout

$Concrctc Grout

Gravel Packed: i! Yes F No bett'sc{n 3" tl 1e"

Fro@rccto ltli 690 rcct

9r,' - i :1.. ii....WATERI!V Li.....-r-.;
static watr rcvcr ei,i-." -" --' "' i*; Li"i t#iurr"o
Ar&sian flow-G.P.M. P.S.I.

Watcrtcmpcrature-oF Quality-

ti

7.

DRILLER'S CERTIFICAIION

g66r".. P.0. Box.. 335 ..

-6orr8ii'o-
Jackson. CA 95642

Nevada contraclor's liccnse numbcr
issued by the Statc Contractor's Boad-8036313-:-

tIarraJ6 ,l-:ll--t- l:^---- -'..-L^- :--..^I L-, .L- " ' :' l

E nir tin
Timc (Hours)

I

4. PROFOSED USE

E Domestic D lrrigation E Test
D Municipal/Industrial S Monitor D Stock

This wcll was drilled under my supervision and thc report is true to thc
best of my knowledge.

I
Nevada drillcr's liccnsc numbcr issued by thc

Dat. /-/l-?'l

TEST METHOD:

USE ADDTUONAL SITEETS IF NECESSARY (oF2? @D
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To
(Fc.!)

From
(Fcc0

3.

6.

I
t
I
I,

I
I

ete
s11t, sand ravel
andesite

lg
I

Frorn-. 280 fect to--5R0
Froufcetto feet

Fronr--.-fcet to .. fcet

Frorn-- fecttoJt
Froufcctto-fcct

Weieht/Ft. I Wsll Thickn6s
Connds) | (Inches)

#,* E No

t
I
I
I
I TEST METHOD: E BaiIeT hmP

Surfacc Scal: Scal Typc:
E Neat Cemcnt
E Ccrncnt Grout

Deplh of
Placcment Method: tr rumpea

! roureo

Gravel Packed: fl Vcs E No

I Concretc Grout

Frorn- sO 
--fcct 

to----58o rcct

.'.1.'-:r.- . .-WA'TERLEVEL ..-'* -''. i'.'. ;' -.:

lcvcl-.230 | fcct bclow lard surfacc

Artesian ffow .P.M. P.S.I.

Water oF Cluality

IO. DRILLER'S CERTIFICATION
This well was drilled under my supewision and the report is true to the
best of my knowledge.

Addr"rr... P'Q' Box 335 ... ....

Jackson, CA 95642

.il*"rT'ff$;'fiffiilTf;oad - oo 36313

Nevada driller's license number issued by thc L476Division of

E air tiR

Timc (Hours)

I

..i.*? 
&-, ' ..;i. ,

wHrrc-Drvrsrbx'ciF wATER rREsouRc

cexrnv-culelm's coPY
PINK-WELL qRTLLER'S,COPY

PRINT OR TYPE ONLY
DO NOT WRITE ON BACK

l. owNER---Hashoe-..C.o.un.ty-..--... ADDRESS AT WELL LOCATION....
St. Jame's Vlllage - well #3

MAILING ADDRESS.-....--.P.,.0..-.-BPx.I.1X-A-

2.LocATIoNM{|/.--NH_-|/.sec'-1.l._-T..1JN........----N/sn__r9--E.....xashoe..-County
PERMIT NO.--5.9r{-#-.- trilr Rerou-rccs

{J.:

, WORK PERFORMED

X New Well D Replace E Recondition
E D".p"n E Abandon E other---.----

LITHOLOGIC LOG

STATE OF NEVADA

DrvrsroN oF wArER REsou.Bqs

WELL DRILLER'S REPORT
Pltase complete this form in its entirety in

eccordance wlth NRS 534.170 end NAC 534.3/0

Sizc O.D.
0nchc.s)

WELL TYPE

E cable 0 Rotary tr Rvc
Othcr-f,ls{.fl.*

8. WELL CONSTRUCTION

Depth Drilled-3)0-Fect Depth Cased q8O .Feet

HOLE DIAMETER ( TT SIZE)
From To

* ---19-jlcneq-=q=-----=r..+j9-9.,--5.at. .

t ---------Jnches--Fcer Feet

- 

rnches-Fect Fect

CASING SCHEDULE

Perforations:
Ilpe perforation-*-n .i A Ls. 1 o t -
Size perforation- -"132-x 3" .. - . -

NOTICE OF TNTENT NO..-._-_..

I{el1 Drlllln

Dnw Down
(Fc.r Bcloe Strtic)

USE ADDITIONAL SHEETS IF NECESSARY

or coDlnc-tor



I WHTTE-DIVISION OF,WATER RESOURCEI. )
CINARY-CLIEN'r'S COny *-''
PINK_WELL DRILLER'S COPY

PRINT OR TYPE ONLY
TX) NOT WRTTE ON BACK

1'

STATE OF NEVADA

DIVISION OF WATER RESOURCES Lng No...-
OTTICE USE OM,Y

WELL DRILLER'S REPORT
Pl;ase complelelflis forq_plts entircty ln

accordsncc witb NRS 534.U0 end NAC 534.3211)

l. OV/NER-------.-.--Hacho?-€otmty-

WORK PERFORMED

fl Replace E Recondition
E Abandon E other..------.---

,, NOTTCE OF INTENT NO.___........___.
ADDRESS AT WELL LOCATION-.-

.County

WELL TYPE

E cable tr noury tr Rvc
Snir [f otrer-flrld--

8. WELL CONSTRUCTION

Depth Drilled-J50 .Fect Dcprh Cased----35.0--Feet
HOLE DIAMETER ( TT SIZE)

Fmm To

CASING SCHEDULE

MAILING

2. LOCATION--5g-'A--6,3-!A Scc..14-T.-+l*-N/S R-.-.J.g -8--__..-I,l€s.tlo
PERMIT NO.I

I
I
I
I

Ncw Well
Deepen

LITHOLOGIC LOG

WELL TEST DATA

TEST METHOD: E Baiter F*.ro
Dnw D<iwo

(Fc.t Bclow Strtic)

Perforations:
Type perforation- u.lll s-lgt
Sizeperforatiotu--3132-5-?I . - _-

Frorn-- ?4O feet to 350 fcct

Wcisht/Ft.
(Poirrds)

Wrll Thickncss
(Inchcs)

Frorn--fcet
Frorn.._.._-.--fcct
Frorn-._-.-__.-_..._feet
Froufcct
Surface Seal: FY*t E No

Dcpth of erot 7q I

Placcment Mcthod: D nrmpcO

BP*r.d
Gravel Packed: fiYcs E No

Froll
(Fcsi)

I
ru feet

fect
fcet

I
I

ScaI Typc:
E Ncat Ccment

- .8 -Ccment 
Grout

flConcrctc Grout

D nir lin
Time (Hours)

Frorn 25 1o1 6 16O

IO. DRJLLER'S CERTIFICATION

This well was drillcd undcr my supewision and thc rcpon is tnre to the
bcst of my knowlcdgc.

--- 'Je€k'eonr-44-95642 --
Ncvada contractor's licensc numbcr

issued by thc Statc Contractor's Board nn?t?l ?

t. 3-. . 1 
. .. :+- .WAIER.LPVE-L i- -.:. .r,. -.r.. i:

Static watcr lcvcl&fcct bctos land surfacc

Artcsian flow-G.P.M. P.S.I.

Watertcmperaturc-oF Qudity-

.-t

7.

I
I

I

4. PROPOSED USE

E Domestic E Irrigation D Test
D Municipal/Industrial [l Monitor E Stoct

Ncvada drillcr's liccnsc number issued by thc

USE ADDITIONAL SHEETS IF' NECESSARY



I Sie rr a h n v iro nme-ntal- M o nfu o rin g,
47 Glen Carran Circle

Sparks, I{V E9431
7702) 3s63t6E

Laboratory
Analysis RePort

L2lOele3
9527
wAs-31{
9IASEOE COUl|Tr UIIL-DI.
wAsEoE COUXTT ulrlLrcl
P.O. BOX 11130
RENO tnt 89520

Pott 2L37
I{IDI{ER
DIV.

I
I
Date t

J:n* :
Eaken by 3

$;::"." :
city/st/ziP:

*.{"tFg

Poge:

Col, tected
Sanpte Dste Tinc

ALKALIIIITY

ilG/L C c03

COLOR

c.u. s.u.

IOTAL DISSOL.
sollDs

r{G/L

IIITRATE-II

llG./L

ARSEHIC

}IG/L

iAr{ 1 11119193 10:30 1278 5 8.01 210 0.6n <0.005

Cot tecteq
Sarpte Date Tirc

BARlttl

HG/t

c Lctul

xc/r

COPPER

rG/r

lRoll

HG/L

IIAGNESIT.[,I

XG/L

I{AIIGAIIESE

I{G/L

,Al{ | 11119193 t0:30 0.03 21 <0.02 0.04 9.2 0.05

Cot tected
Senpte Date Tire

POTASSItt|

I{G/L

solttl
IIG/L

zl NC

IIG/L

cllLoR IDE

}IG/L

FTI,IORIDE

HG/L

S1JLFATE

I{G/L

JNf t 11119193 10:30 6.3 17 0.69 6 0.2 5

Cot tected
Sanpte Datc TisP

t{BAS

IIG/L

JAll t l1l19/95 10:30 <0.05

t
I
I
I
I
I rnerov"a sv:

r l:1".[iri:,:;.:Tll:":$n,T"'?":n:n:T:iJfi:'H :l :H l?llt'lx;:l"1'i3'lJl"::J':.:"ffi':il ::JiTlHo.l3,'li"il*,*'o
l;;;"i[-ii"uititv to'r ttre further disributiqr of the rinrt or its cmtents'

#t

I 5+. J a.v^es's V;t( l'f L T2sf WoV
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Laboratory
Analysls Report

I|ILIJIAII E. llORXt
Wlt.r.1Pt E. No*lt
1026 WES! FrRsl
RENO tnr 89520

Ilfc.

SrRtEt

Envlronmental
Monltorlng, Inc.

Datc t
Cllaat t
Tatea byt
Rcport t
POt r

rl26ler
[oR-orl2
t{.8. lfoRI(-D. BUOEIfIO
9765
tf .E.NoRt(

PsgP:

Slerra

Cot tectcd
Sanpte Date I ime

ALKALIIIIIY

frG/L c c03

COLOR

c.u. s.u.

roTA[ r]lssot.
sollDs

HG/t

lil TRATE-tl

HG/t

ARSEITC

FC/t

sJ-Z lJ€Lt 1l05l94 ll:45 1248 <5 7.57 21t 0.2r1 <0.005

Cot tected
Senpte Date line

g^Rtt l

ltc/r

c^tcttr{

IIG/L

COPPER

lrc/t

tRotl

r{G/r

IAGHES Itt{

HG/t

{AIIGIIESE

xclt

tJ-2 ffitt 1lg5l94 lt:45 0.07 20 <0.02 0.03 12 <0.0l

Cot tected
lgrpte Detc llnp

PorAsstttl

xc/r

s(D tul

l{G/t

zutc

HG/t

CIILORIDE

HG/T

FTi,ORIDE

HG/t

SULFAIE

xc/r

sJ-z uEtL 1lOSl94 tl:45 5.2 t2 0.02 4 0.1 €

s'pte o"t3tt*t#*
nEAS

Ic/t

sJ-z tfEtt 1l0rl94 ll:45 <0.05

I
I
I
I
T

I
I
I
I
t
I
t Approved By:

fhls rcport fs appYfcabtc onty to the sarple recelvcd by the taborttory. The tlablllty of the taboratory ls tlmited to the dnt.paid
for thls rcport. fhls report le for the exctuslvc use of the cllcnt to rhm lt ls addrcsscd ard upon thc corditlon that the cllcrrri
assune! att tlabltlty for thc further dlrtrlbutlon of thr rcport or lts contcnt8.I

t William F. PillsburY
President

tl7 Glen Carran Gircle
Sparks. Nevada 8943t
Phone (702) 356-3868
FAX (702) 356-8037

John G. Seher
Chernkf
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Laboratory
Analysis Report

}IASEOE COI'N|IT U:IILI:rY DIV.
DAI| DRAOAIf
P.O. BOr 11130
RENO rw 89520

Datc r

ClLcnt r

Iakca by:
Roport r

POt r

rl te ler
wAs-31C
WILI.INI NORK

969s
oo2r42

Pagc:

:M
Envlronmental
Monltorlng, Inc.

I
I
I
I
T

I
I
I
I
I
t
I y to tnc salpte received by the taboratory. Ihe tiabitity of the taboratory is timited to the otrtt paid

is for the exctusive use of the ctient to rhcn it is addressed and t+on the condition that the ctient
assurEs att'tiabitity foi thc furthcr distribution of the rePort or its contents.

Cot lected
Sgrpte Datc Tim

ALKALIIIITY

ilc/L c^c03

COLOR

c.u.

PH

s.u.

TOTAL DISSOL.
soltDs

IIG/L

NITRATE.II

lIG/L

tRsEll tc

IIG/L

f93-539-01 - sJ-3 12118t93 | 128 <5 6.91 172 <0. 1li* <c.005

Cot Iected
Saspte Date Tim

BARIIII

xc/r

cALCtt l

IIG/L

COPPER

}IG/L

tRotl

HG/t

r'tAGltEs t$l

HG/L

ltAllG ltEsE

IiG/L

tcl-539-01 - sJ-3 12118193 0.08 e0 <0.02 0.07 11 4.01

Cot tected
Srpte Drtc Time

PoTASSlttl

}IGlL

scDtttl

lIG/L

ziltc

XG/L

CHLOR IDE

IIG/L

FLrcRIDE

xc/t

St,LFATE

rctL

,93-539-01 - SJ-3 12118193 4.0 8.0 0.08 9 0.1 €

Cot tectcd
ssptc Drtc Tire ltc/t

t93-539-01 - SJ-3 12118193 : <0.05

I
I Witliam F. PillsburY

Prcsident

47 Glen Carran Circle
Sparks, Nevada 89431
Phone (702) 356-3868
FAX (702) 356-8037

John G. Seher
Ciemsl
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Laboratory
Analysis Report

T{ASEOE COUIf,IY UIILISY DIV.
DAN DRAGATI

P.O. BOr 11130
REf,rO tnr 89520

Envlronmental
Monllorlng, Inc.

Datc r

Client 3

lakcn byr
Rcport :

Pot 3

Ll28le4
rfAs-31c
wAsEoE crr utIL-R.v.E.
9721
002145

Page:

ffi Slerra

I
I
I
I
t
I
I
I
I
I
I
I Approved By:

lhis ncport is @ivedbythe[aboratory.IhetiabitityofthetaboratoryiqtimitedtotheamhtPaidrt is for the exctusive use of the ctient to rtron it is addressed erd Lpon the condition that the ctientfor this report.\ltts report is for the exctusive use tient to rtron it is addressed erd [+on the condition that the ctient
ass.ms att tiabitity for the further distribution of the report or its contents.

Co[ [ected
supl,c D€te Time

ALKALIIIITY

xG/L CAC03

COLOR

c.u.

PH

s.u.

IOTAL DISSOL.
soLtDs

HG/L

IIITRATE-II

ilc/r

ARSEIilC

AGIL

sr. JAr{Es J4 12t23t93 : 2388 <5 7.24 1E5 0.5[ .<0.@5

Got lected
SarpLe Dste Tim

EARIt ,l

I{G/L

cALCIt l

HG/t

COPPER

l{G./L

IRO}I

l'rc/L

r{AG}tES It f,l

xc/t

ItAltG ltEsE

}IGlL

sr. JArfEs t4 12123193 : 0.11 24 <0.02 0.06 15 <0.01

Cot Iected
Sarpl.e - D6te Tim

PoTASSITTI

t'tc/L

soDttt{

rG/L

zmc

}IGlL

CHLORIDE

IIG/L

FLI'ORIDE

I,IGlL

SULFAIE

xc/r

sr. J^r{Es t4 12l23lCa 6.2 t1 0.06 6 0.1 8

Cot tected
Saryte Dat. Time

il8AS

I{G/L

sr- J[fEs t4 12t23t93 : <0.05

g

I Wlliam F. PillsburY
Prcsident

47 Glen Carran Circle
Sparks, Nevada 89431
Phone (702) 356-3868
FAX (702) 356-8037

John C. Seher
Chemisl
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Jo€_ ?l-s31
WILLIAM E. NORK, INC.

1026 West First Street
RENO, NEVADA 89503

(7021 322-2604
" 

a"ra tapgy Dc B o^r. tz/ttJls
CHECKEO BY OATE

SHEET NO.

xl:otrtruq@7ort.Grbr.leqotot roffi Fotlutrftt rs??'6fi
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WILTIAM E. NORK, INC.
1026 West First Street
RENO, NEVADA 89503

(7O2' 322-2604

,na ?3-ss7
SHEET NO.

CALCULATEO 8Y D<B r zl wt/es
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SCALE

DATE

DATE

I
I
I
I
I
I
I
I
l\
I
I
I

: S,

( $ e.o)
i'

.lhzr

.3r: ol
37,.ott

:

n0OXIAaJ tsrtlgrcl26r trorOl-ltr.6'otrb! Ol'n lootttxctt TUlmt l'|Dt661!



s

I .--
3____

I ,___

I

Lt
L

i-
T

+r

a;
|lr
l-
1

^t,X lr
.t

L\
c,

\1\I
\
lls\
t\

t.-_ -_
9._ .-
8.-_.

6___"

5___

L
tt 3.-.
u)
l.

2-_
r1)

.l
rtt
I
u
\ r.-.qe.
I 8.
\7-
t-
Io-
hs

vo 4-

6]
\ r 'lt /tC O /,\V yi

oa1

(.'??"

I
o

I
st

I
r1
!
!.l

II
il;
6

il
ttu
ISI
-,JbrE

=5tt
I'
I
I
t



lA!
rt____
t{

;r

oo
l---_

^ 9___
lP 8___

7-__

3___.

F' 
--

a

b
d';::

8._"

fil
tl
&
f
(

o

:t
.!

ri
?
gt

Itt
I(

-t.

t,
P
F
a

h

I:2

I,
?

a
F

:t

+
{ 6---
€ s___

*+
t-ttt

ul
h

tJ

5

fll
a
fr
h

.r

.f
tn

j
(f

T

tir
J
-s
g

1

fs
\sf

t\

lU)-
-z't3

:
o

ler;.
tt!J'

-9iIo?Irrlgo
EUrE!Ul:-o

I5Br(,6
-9dite>IUIEro!

!tltIx
I
I
I
I

T

I
I
T

I
I
t



l'
I
I

I

Contract Docunents and Specifications for 8t. ilames Exploratory

WELL SPECIFICATIONS

1. Scope of Eork

The work to be perforned includes the furnishing of a1l labor,
naterials, translortation, tools, supplies, plant equipnent and
appurtenances, unless hereinafter specifically excepted, necessary
ti- conplete and satisfactory construct, develop and test slr (6),
,t-inch dianeter steel test wells.

2. Location and Access

The test wells are located south of the Mount Rose llighway (see
attachment nap) in T1?N, R198, sections 10r 1{ and 23. The sites
are oD undeveloped land with easy access. The Contractor sball
familiaxize trinsitt witb the conditions witbin the drill site prior
to lridding.

3. Bguipnent and Operating Requirernentg

Drilling shall be with the air rotary nethod. The eguipment to-be
furnishea snatt be approved by the Owner and have excess capacity
to construct the wellJ as specified herein. At least one (1) tlrill
collar will be used for added weight during early stages of
driIling.

l. Test Fell Construction Developuent aud Testing

t. Borelrole Tbe boreholes for the test wells sball be
arifJea to the deptb specified . by tbe Osner. Tbe
anticipated total depth for tbe bores are 500 feet. The
diameter of the weII bore shal1 not be less tban 8-
inches. Formation samples sball be talcen at.- l0-foota
intervals or at eacb cbange in formation. Samples shall
be stored ie Ziploc freezer bagstor approved equal. [tPoD
conptetion if €n6 Sorehole, tbe 

.contractor 
sbqll._.enploy

a "ir."rcial logging service slucb as Welencbi'GeiblEydro-
UD.a!e- *o-p-*3PPr ov€-d- eqirl f -; 

-. rb e Ecinrne rc i a l. ae g g i ng 
-€ 

elV i c e-suir1*-iiiii p!'.9;r-a-g;!. --ele-c-tp.i-ce.*?_9*1.c-, atrq baliper:log8r;

b. Casinq Installation - The test well sball be constructed
usingr new steel pipe and shall have an outside diq$eter
of {-inches and an inside aianet.t qf not-1'elii:tbei"':i:?2-
inches. WaIl thickness sball ,nbtfbe leEs than.0.1313{"
incbes. perforated pipe shall be of tbe same material

I
I
t

I
I
t
I

I
t
I
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Contract Docunents and Specifications for st. James ExploratoryI
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C.

with vertical urill cut slots aPProxinately 3-inches long
by 3/32-inchgs wlde. There shall be a nininum of four
tlt itots pef foot. ttill slots shall be clean and smooth
riittr no burrs, f ilings or other obstructions on the
inside our outside of Lhe casing. The ,l-inch pipe shall
be completed with a threaded end, and saP: Tle casing
shall 6e installed using methods approved by the O!n9r.
ft" casing shall be suipended above the bottom of tbe
hole and s-hall be firnly secured at the surface until tbe
gravel and grout seal installation, including 2{-bour set
up for grout, is conPlete.

Welders required for field assembly of well casing- sball
le-quafifi;d in accordance nith the latest revision of
the section titled, rrwelding Proceduresrr of tbe AnA

. Standard Qualification Procedure. AIl sections sha}l be
joined by a watertight continuous, fuII fillet tteld.

Gravel Pack - The annual sPace between tbe borebole wall
Ima-:Efre l-incfr casing from the botton of the hole to a

A.ptU specified by thL Owner (estinated at lPProxinately
{5b feel) shall 5! tiffed with a rrell-roundecl siliceous
Ll} by Lll lncb gravel. The selected gravel sball be
aiproiea'Uy the osner prior to installation. Grave1

"itirr be instalted to the specified depth througb a

trenmie Pipe aDd rrsoundingrr of the- gravel deptb shall be
made ana approved by the btrner prior-to installation of
the grout lial. placement of gravel !y end-dumping rith
a loader or sboveling directly iuto tbe hole sill uot be
allosed. Tbe Contractor shall be responsible for placing
tbe gravel in tbe annulus witbout bridging. If 

- 
tbe

gravJt bridges, the Contractor sbal! correct the problen
riitfr no danige to the well or drill a nett ltell, couplete,
at bis expen;e. If tbe Contractor chooses to tlrill a Der
nell, he shall be resPonsible for all costs associated
sitb properly abandoning the existing well. Bridging of
grav"l p.ack Gfraff be assuned if gravel packing_ does not
ititize- at least 90% of the calculated annular sPace
volune.

Grout 6ea1 - tbe annual sPace between the borehole wall
aDt tbe {-Lucb casing from the top of the gravel to the
ground surface (estinated to be fron 0 to 50 feetl shall
5e filled witb neat cement grout. The grout sball be
installed tbrough a trernrnie pipe from tbe botto6 uP. Tbe

d.
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cement shall be left undisturbed for a nininun of twenty-
four(2{)hoursbeforeair-developmentlegins.No
"i""aUy 

tine shall be paid durinq this period'

Development After the 24 hour all0tted time for the
grout seal to sei-uf, develgPngn! and testing by- air-lift
;;t-i.-g-itr Af riiting snlrt be accomplislred bv high
pressure arr tunpea -thl.ougb 

al "1t .line extending to
within twenty- ifO) feet of the botton of the well'
Oevetopnent "fr.if continue until is the opinion of the
onner ifrat development is conplete'

After development, the contractor shall perfo-rn an air
Iift flow test in order to determine the hard roclr
aquif er's ptoa.t"tiott potential ' This test will be

conducted for approximately four hours. The coDtractor
;;;ii provide ai-aaequate air comPressgr-for developnent
and flow testing. The Contrac{or shall also provide
iaequate nateriJl to ensure total dlscbarge^-""Pt::?1
On"ittg flow testing, for -reliable neasureneDts. TDls
naterial ana Eet--ud must be approved by the geologist'
Tbe contractor sfriff make eveiy efforl to maintain a

continuous ground water discharge fron the well'

a

flo'*'
0*-:

c1$r,o^"
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ralmentfordevelopment.aldtestingby.lir.liftshallbe
at the hourly t"l.- specifiecl in the bid sheet and shall
include all iuels and other emergency sources necessary
foi-rorpilti"" of work as speciiied. The hourly rate
aoes ntt inctuae tbe tine spent for eguipnent
installation and removal'

5. Pl'unbuess and Aliganeat

rhe contractor shall g'uarantee that the sell when conpletedr-sball
be sufficientiy-"i"iignt ana plunb to pernit the free installation

""4- "p""lf ion -of a subnersiUie PumP regUlarly fe-coTnended to be '
instatred in a rt-inch dianeter werr- "."iog. 

-'tla contribt'iir*iulrr
utilize.a plumbDess test approvea-by^tbe onner and the test shall
be perfornea in the Presence of tlre ortner' s A

t{u^^^-- * C^,,\/.-f. /'',"'' ,et" !^-lt--
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Contract Docunents &

ExploratorY Drilling
Washoe CountY, lfv

Specifications for
on the Mt. Rose Fan,

When it becomes necessary to add clays or chenicals to
the drilling fluid, it urust be borne in rnind that it is desirable
to maintain a rnud system containing a minimum of clay and fine sand
and to deposit a thin, easily removable filter cake on the face of
the borehole. ff there should be a conflict between the mud
reguirements'for ease in drilling and !h" mud requirements for
protection of the aquifers, then the ruling requirements sha1l be
those for aguifer Protection.

The Contractor shall retain the services of a quaLified
mud engineer to plan and monitor the use of drilling fluid,
additivLs and nud. The mud engineer shall outline the drilling
ftuid properties required, keeping in urind the goals of aguifer
protecLion including those required to prevent bacterial
Lontarnination of the well. Drilling fluid additives used to stop
lost circulation shall be as recommended by the manufacturer for
that particular use and under the supervision of the mud engineer.
The cost of drilling fluid and additives shall be included in the
unit price per foot of drilling the borehole.

The Contractor shall uronitor and rnaintain the f luid
properties as outlined by the nud engineer. In the event that the
bonlractor cannot attain these properties, the mud' shall be
replaced. Contractor shall pay for additional drilling fluids up
to a sun of $500.00. Above $500.00 the owner shall pay the
Contractor for additional drilling fluids at Contractorrs cost plus
fifteen percent (158).

The mud engineer, before drilling begins, shall provide
the geologist with his outline for drilling fluid properties and
recommendations for monitoring those properties. The nud engineer
shalL include in his outline of drilling fluid properties, the
reconmended rnud properties before and during the introduction of
gravel. The Contractor shall obtain the equiprrent necessary to
rnonitor drilling fluid properties and shall follow the mud
engineerrs reconnendations for frequency of nonitoring.

Section 12. . ttonitoring Well Construction

Monitoring wells will be constructed using neet, A.S.T.I{.
standard weight, galvanized, steel pipe, Grade B or better and
shall have an inside diarneter of 2.067 inches. WaII thickness
shall be a rnininun of 0.154 inch. Perforated pipe sha1l be of the
same rnaterial with 3132 inch vertical niLl cut slots approximately
3 inches long. There shall be a mininum of four slots per foot.
The Z inch pipe shall extend 2 feet above ground surface and be
completed with an approved vandal resistant locking cap.I
WeIl Specifications

31t
t
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ITEII IPPROI.
NO. QUAXTTTI

DBSCNIPIIOII OP ITEII IITE I'IIIT
UXIT PRIEi ;RITTEX IN TORDS

T'IIIT PRICB TOTAI,
PRICB

I
t SCIIEDTII,E OF MEM^S ANI) I'ITICES

1.

t
I
I 2.

I

7.

I
I
I
I
I
I
I
I

1 Ea.

l0 Rrs

3. 3000 lrF

l. 6 €t.

5. 1800 ft.

6. 1200 f,t.

ior alt si;G1G($300.00 EA). 1800.00

ttobilization and Demobil-
lzatlon lncluding all
naterl.als, labor, equiP-
nent for conPletlon of sLx
exPl. test wetts as descrlbed
ln Speclflcatlons for the sun
prtcl ot -eieb!.een,lll9r!9 4qllars

Standby hours sPeclfl'ca1lY
at the request of the owner.
At the rat€ of, eightY-five

dollars- Der hour.

Drlll glx (6t nlninun 8-lnch
dl.ameter boreholes, to a
depth of aPProxlnatelY 5oo
ft. lt -.jFif eteen dol r ars

Der llneal foot'

Geophyslcal log of borehoie
estlnateil at lunP sun Prr.ce
of one thousand five hundred

85.00

15.00

3400 .00 /

./

/r 5 , 000 .00 /'

fiftv each.

Furnlsh and lnstall l-lnch
dlanetcr glotted steel PlPe,
estlnated 3Oo feet Per well
at seven dollals .

Der llneal foot'

Furnlsb auC lnstall l-Lnch
dlaneter ateel PlPe, estlmated
2OO feet Per well at five

Per lineal foot.

1550.00 9300.00'

7 .00 12r-0-q-q-. 00 l'-

5 .00
/'

6 000 . 00/

Furnlsh and
estLnated 5

f ifty- two

lnstall gravel Pack
Y#ltP.?: well at

per yd3

6

I

so yds3

52.00
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I ITEII I'PPROI.

NO. gUAtIf ITY
DBSCRIPTTOX OF TTEH TITE I'XIT
I'NTT PRICB TRITTEN IX NORDS

TIIIIS PRICB TCXIIL
PRICB

I
8. 6 ea.

per gell.

ao llours Furnish, install, operate t
remove necessary equipment
for air lift flow test at

one hundred eighty-five
per hour.

10. 6 Eacb Well disinfection & capping at
one hundred dollars

per well.

PROFOSAI- TOIIAL BII)

T(IIAL BfD rRITTEII IX rORDA
ninety-one thousand, five hundred dollars

Furnish and
tary seal es
per neII at

install grout sani-
timated at 50 feet
three hundred

300.00 1 800.00 /

9.
I
t
t
I
I
I

185.00 7400.00 /

600 .00 /100.00

$91,500.00

91,,lt, ,

I
t
I
I
I
I
I
I

The estinate of, quantities of the various itens of work and
uaterials, as set fortb in the Proposal Form, is approximate only
and given solely to be used as a uniforn basis for tbe conparison
of proposals.

The unit prices above shall be the basis for deterninlag the
amount paid for the conpleted proJect including aDy lncreasedl or
decreased quantities authorized by the Geologist.

If the undersigned Ls notified of the acceptance of his
proposal, he agrees to execute the agreement for the work covered
in his proposal for tbe above stated prices as fuII conpensation
for furnl,shing all materials and labor, and doing all of tbe work,
Ln strict accordanca witb the Contract Docunents, to the
satisfactLoa of tbe Geologist.

The undersl.gned agrees, upon being notified of tbe acceptance
of his proposal, tbat he shall execute tbe above agreement witbin
ten (101 calendar days and conmence norlr withln seveD (?) calendar
days follorl.ng the date of the NotLce to Proceed. The underslgned


