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April 16, 1997
Project No. 0990-27 -l

Mr. Daryl James

Environmental Services Division
NEVADA DEPARTMENT OF TRANSPORTATION
1263 South Stewart Sfreet
Carson City, Nevada 89712

RE: Summary of Water Well Construction; Washoe Lake Wetlands Mitigation Area;
Washoe County, Nevada

Dear Mr. James:

This report summarizes wat€rwell constnrction at the Washoe Lake Wetlands Mitigation
Area. The drilling contractor for this project was Zim Industries from Fresno, California. A 14-
inch-diameter, 600-feet-deep well has been constructed at the site. The water well was test
pumped up to a maximum flow rate of 1,300 gallons per minute (gpm). The optimum (tughest
efficiency) pumping rate was determined to be 850 gpm, however, for purposes of occasional
water supply during drought conditions, the well could be equipped to pump at a rate greater than
the optimum rate.

Prior to construction of the production well, exploration was conducted after a failed
attempt at well construction on the east side of the wetlands mitigation area in the fall of 1995.
A brief summary of this previous drilling and exploration is included in this report.

It has been a pleasure working with NDOT on this portion of the wetlands project. Please

contactus ifyou have any questions regarding the production well or hydrogeologic exploration
performed at the site.

Sincerely,

SEA, INCORPORATED
Consulting Engineers

Vice P
DLS:vjr

cc: Mr. Reid Kaiser, NDOT
Mr. Matt Lorne, NDOT

Enclosures

F:\CE0\099027 t\wPD@S\REPORTS\SUMMRY2. LTR

DWIGHT
SMlTH

#elt
Hydrogeologist
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SUMMARY OF TI/ATER WELL CONSTRUCTION

WASHOE LAKE WETLAIIDS
MITIG^A.TION AREA

Washoe County, Nevada

PRODUCTION WELL DRILLING, CONSTRUCTION, AND TESTING

Drilling and WeII Construction

TheNevadaDepartrnent ofTransportation (NDOT) entered into contract with Zim Industries,
Incorporated for construction and testing of one production well at the Washoe Lake Wetlands
Mtigation are4 located at the south side of Washoe Lake, Washoe County, Nevada. Production well
driiling commenced on October 5, 1996. Full-time drilling and construction monitoring was provided
by NDOT staff. l[r. Glen Geiger performed a majority of this inspection for NDOT. Mr. Dwight
Smith, P.E., Hydrogeologist, of SEA Incorporated performed routine observation and supervision
throughout the drilling and construction process.

A bucket auger rig was used to drill a 36-inch diameter borehole to a depth of 46 feet. A 30-
inch outside diameter (O.D.) conductor casing was centered in the borehole, and cement grout was
placed in the void benryeen the conductor casing and the borehole wall. The conductor casing was
placed to prevent sloughing of near-surface soils into the borehole during the remainder of drilling.

A 24-inch-diameter borehole was then advanced down to 620 feet, using reverse circulation
drilling methods. Drilling was conducted 24 hours per day until well construction was completed.
Artesian conditions were encountered during drilling, which necessitated use of high yield bentonite
and minor amounts of barite additives to increase the density of the drilling fluid. On October 19,

1996, l4-inch-O.D. well casing was installed in the 24-inch-diameter borehole, to a depth of 610 feet.

Fourteen-inch-O.D., continuous slot well screen was placed between 120 to 240 feet and 280 to 600
feet. Screen slot size is 0.060-inch. Solid steel pipe ("blank casing") was placed from ground surface
to 120 feet,24Q to 280 feet, and 600 to 610 feet. A steel plate was welded on the bottom of the well
casing at 610 feet. Steel used to fabricate the blank casing was ASTM A 53, Grade B, with 5/16 wall
thickness. Centering guides were placed with 90" offsets and 60-foot spacing along the entire length
of well casing. A 2-inch diameter water level sounding pipe was attached to the outside of the well
casing to a depth of 245 feet, where it was welded to an opening into the 14-inch-O.D. blank casing.



I
I
I
I
I
I
t
t
I
I
I
I
I
I
I
I
I
I
t

Shortly after installation of the well casing and before gravel pack installation, the lower
portions of the borehole collapsed onto the well casing. Zim Industries spent the next ten days

attempting to remove the collapsed formation. Formation collapse occurred between the depths of 400

to 620 feet. Air and drilling fluid jetting was performed along the outside of the well casing, and the

bottom ofthe well casing was drilled through in an attempt to flush caved formation from around the
casing. Zim Industries efforts to remove this material were partially successful; however, the borehole
could not be maintained open long enough for gravel pack installation. On October 30, L996, gravel

pack material was placed in the remaining open area between the well casing and borehole wall from
100 feet down to approximately 460 feet. A 3-inch-diameter gravel make-up pipe was placed from
ground surface to 110 fu in depth. Gravel pack material was Colorado Silica Sand No. 6x16 and was
placed by pumping through a tremie pipe. Approximately 25 cubic yards of gravel pack material were
placed around the well casing. The estimated quantity of gravel which would have been placed if the

borehole had not collapsed in the lower sections was approximately 50 cubic yards.

Before the 100-foot sanitary seal could be placed in the remainder of the annulus between the
well casing and borehole, formation caved again, filling the annulus between 56 to 100 feet in depth.

Zim Industries wils zuccessflrl in removing this material using jetting methods. On November 4, 1996,
Type tr cement grout was pumped into the upper annulus to form the sanitary seal from ground surface

to 100 feet in depth. Mr. Robert Brown ofWashoe County District Health Department was present

to witness placement ofthe sanitary seal. Approximately 9.25 cubic yards of cement grout was placed.

After placement ofthe sanitary seat approximately 314 cubic yard of cement grout was pumped

to the bottom ofthe well casing to plug the bottom of the well, which had been drilled through during
previous efforts to remove caved formation. The well plug was placed from 555 feet to approximately

580 feet in depth. Aquifer formation material had heaved into the lower 30 feet of the well casing after
the bottom plate had been drilled through. This material was not removed prior to placement of the

bottom plug, due to concerns of potential heaving formation even higher into the well casing.

On December 19, 1996, a video log of the inside of the production well was performed by

Welenco to document the final condition of the constructed well, and in particular to inspect for
possible damage which may have occurred while drilling through the bottom of the well casing. Ivtr.

Jim Murdock of NDOT was present to witness video logging. No visible damage was observed.

However, it was determined that the cement plug had been placed up to 555 feet in depth,

approximately 20 feet above the planned plug depth. Following video logging, the well was capped

with a welded steel plate. Artesian water level in the well was above the top of the casing, and a

flow/pressure release valve was installed in the side of the casing so that the top cap could be welded.

The top of the well casing was completed at approximately 4 feet above natural ground surface.
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As-built details of the completed production well are summarized below.

Total depth drilled:

Cased well depth to top ofbottom plug:

Continuous slot screen (l4-inch O.D.):

Blank casing (l4-inch O.D.):

Gravel pack material:

Crravel makeup pipe:

Water level sounding pipe:

Bottom plug:

Cement sanitary seal:

Conductor casing (30-inch O.D.):

620 feet.

555 feet.

120 feet to 240 feet and 280 feet to 600 feet,

0.060-inch slot size, 2 percent copper-bearing,

low carbon steel.

4 feet above ground surface to 120 feet;240 to
280 feet; and, 600 to 610 feet; ASTM A 53

Grade B, low carbon steel, 5/16-inch wall
thickness.

Colorado Silica Sand, 6 x 16.

3-inch diameter; Z-feet above ground surface to
110 feet.

2-inch diameteq 2-feet above ground surface to
245 feet.

Type II cement grout 555 feet to 580 feet

(estimated).

Type II cement grout ground surface to 100

feet.

2 feet above ground surface to 46 feet in depth;

3/8-inch wall thickness; cement grouted into 36-

inch diameter borehole.

Development and Pumping Tests

Development

OnNovember 6,1996, well development was commenced using the drill rig and swabbing and

air-lifting techniques. Two days of swabbing and airJifting development was performed, with water
clarity improving throughout the process. On November 13, 1996, further development was
commenced using a diesel-powered turbine pump and pumping and surging methods. Sediment

content was measured in the discharged water using a Rossum sand meter. Pumping and surging
development was performed at increasing production rates with the final sand and silt content measured
at below I part per million (ppm) for a production rate of approximately 1,300 gallons per minute
(epm).
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Step Drawdown Test

OnNovember 15, 1996, a step drawdown pumping test was performed. During this test the
well was pumped at four progressively increasing rates. Discharge rates were measured using a

totalizing flow meter. During pumping at each production rate, water levels were recorded using a

wire-lined water level sounder. Pumped rates during the step drawdown test were approximat ely 409,
745,950, and 1,286 gpm. During this tes! water level decline in the well is allowed to stabilize at each
pumped rate. Aplot ofthe depth to stabilized water level versus pumped rate is presented as Plate 3.

From this plog it is observed that pumping at rates greater than approximately 850 gprq a greater unit
water level drawdown per unit increase in water production occurs (steeper slope). The break in slope
occurs at approximately 850 gpm and indicates that flow into the well is starting a transition from
Iaminar to turbulent flow. The optimum (or most efEcient) pumping rate, as determined from the step
drawdown test, is, therefore, approximately 850 gpm. Because this well is planned to be used only
occasionally, during periods ofdroughg pumping at rates above the optimum rate could be performed
without significant detrimental effects to the well or pump. Based on the performance testing of the
well, we would not recommend equipping the well to pump over 1,200 gpm in order to maintain a

zufficient height ofwater above the pump intake. The blank well casing set at 240 to 280 feet in depth
has been installed specifically for pump intake placement.

Constant Rate Pumping Test

On November 17, 1996, a 72-hour constant rate pumping test was corrmenced at a rate of
approximately 950 gpm. During this test, water level drawdown in the well was recorded using a
digtal data recorder (In-Situ Troll). The pumping rate was maintained at 950 gpm by Zimlndustries
pump crew. After pumping continuously for 72 hours, pumping was terminated, and water level
recovery in the well was measured for approximately 72 hours. A plot of the constant rate pumping
test data is presented as Plates 4a tlrough 4c. As noted in these plates, a stable rate of drawdown with
time was observed after approximately one day of pumping. Static water level in the well recovered
to within approximately two feet of the static water level recorded at commencement of the test.

indicating no dramatic aquifer storage depletion.

The transmissMty ofthe aquifer was calculated using the constant rate pumping test data and

the Copper-Jacob method. Transmissivity is an indication of aquifer permeability and is defined as the
rate of water yielded tkough a unit width of an aquifer, under a unit hydraulic gradient. Transmissivity
was calculated using both the pumping and recovery data and was determined to range from 10,000
to 17,000 gallons per day per foot (gpd/ft). This range of transmissivity is considered to represent
moderate to good permeability.
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Water Chemistra Testing

Near the conclusion of the 72-hour constant rate pumping test, a water sample was collected
for analysis of general chemistry, including major ionic compounds, pH, total dissolved solid content

CIDS), arsenig irorq manganese, nitrate, and boron. The water sample was delivered to High Desert
Laboratories in Sparks, Nevada. Water quallty was determined to be good with a TDS concentration
of 116 milligrams per liter (mdL, equal to parts per million). Boron is below the detection limit of
0.05 mg/L. Arsenic was present at 0.005 mgL, which is substantially below the current state and
fueral drinking v/ater standard of 0.05 mglL. The pH uras measured at 7.7. Ir:on and manganese are
slightly elevated above current secondary drinking water standards. Manganese was measured at 0.17;
the current standard is 0.10 mglL. kon was measured at 0.78; the current secondary drinking water
standard is 0.6 mglL. Neither of these constituents should pose significant problems for use in the
wetlands area. In agricultural applications, significantly elevated iron has been noted to cause soil
porosity plugging problems. Using the water chemistry, the sodium absorption ratio (SAR) is

calculated to be 1.0, indicating a low sodium toxicity hazud to plants. In summary, the water
chemistry appears excellent for uses in the wetlands mitigation area.

SUMMARY OF PREVIOUS DRILLING EFFORTS AND EXPLORATION

Eastem Abandoned Well - 1995

InNovember of 1995, Zim Industries mobilized a reverse circulation drilling rig in an attempt
to construct a production well on the east side ofthe Washoe Lake Wetlands Mitigation Area. Drilling
commenced using a reverse circulation drill rig and a l7-inch-diameter pilot hole. Drilling
specifications for this project were prepared by SEd Incorporated. Well siting was performed by
Harding Lawson Associates (Iil-A) using geologic interpretations and a geophysical (resistivity) survey
ofthe site (see Appendix C). Unfortunately, geologic interpretations made by HLA were not correct,
and volcanic bedrock was encountered at 135 feet below ground surface. Fractured or vesicular
volcanic rock formations have the potential to yield significant quantities of water, so drilling of the
l7-inch diameter pilot hole was continued to a depth of 322 feet. The borehole was electric logged,
and SEA interpreted the potential for production quantities of water being available from the
penetrated alluvium (below 100 feet) and volcanic bedrock. Based on review of hydrogeologic data,
it was felt that a well constructed at this location would not produce significant quantities of water.
The geologic log and electric log ofthis borehole are presented in Appendix A. The drilling effort was

abandoned, and the borehole was filled with cement grout, in accordance with state regulations.
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Borehole Exploration - 1996

After the failed well construction efforl SEd Incorporated formulated an exploration plan
based on review of existing hydrogeologic data which included reinterpretation of the HLA resistivity
data" review of Washoe County aerial electro-magnetic geophysical survey dat4 review of State
Enginee/s ofrce well logs for the nicinity, and review of regional geologic mapping. Two exploration
locations were reconrmended on the east side ofthe Washoe Lake Wetlands Mitigation Area (see SEA
memorandums dated November 16 and 17,1995 - included in AppendixB).

In September of 1996, Zim krdustries advanced an 8-inch-diameter borehole to a depth of 600
feet at the north exploration location and to a depth of 680 feet at the south exploration location. Mud
rotary drilling methods were utilized. Formation samples (drilled cuttings) were collected at 5-foot
depth intewals and geologcally logged (see Appendix A). Directly following drilling of each borehole,
an electric log was performed by Welenco (see Back Pocket). NDOT personnel provided full-time
monitoring ofdrilling operations. SEd krcorporated provided periodic supervision and hydrogeologic
interpretations of materials penetrated. Once hydrogeologic data had been collected, both boreholes
were abandoned with cement grout, in accordance with state regulations.

A summary of the geology encountered at each exploration boring is presented below.

North Exploration Borehole

0 - 120 feet:

120 - 270 feet:

270 -320 feet:

320 - 500 feet:

500 - 600 feet:

South Expl_oration B orehole

0 - 330 feet:

330 - 360 feet:

360 - 590 feet:

590 - 680 feet:

Interbedded silty sands and sandy silts, and occasional clay.

Silty sands, with 15-20Yolow plastic fines.

Poorly graded sand.

Silty sands, becoming denser with depth and clayey at 4ZO - 500

feet.

Weathered granitic bedrock.

Silty sands with occasional interbedded sandy silts, l5-35Yolow
plastic fines, and occasional shallow clay.

Poorly graded sands.

Silty sand, 20-40oA low plastic fines increasing with depth.

Sandy silts with estimated 55% low plastic fines.
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The silty sands encountered were noted to have a granitic origin with abundant quartz and
feldspar grains, along with biotite flakes. At the northern boreholg weathered gSanitic bedrock was
encountered at a depth of approximately 500 feet. Drilling became moderately difficult at this depth
with the small mud rotary dril rig being used for exploration drilling.

The electric log for the north borehole indicates favorable formations at 100 to 155 feet, thin
layen t l70 and 195 feet,220 to 330 feet, and thin layers between 360 to 425 feet. At the southern
exploration borehole, hydrogeologically favorable formations are interpreted at 100 to 210 feet, 310
to 420 feeg with thin layers at 525,565, and 600 feet. Electric logs are very useful for interpreting the
stratigraphy and water-bearing potential of materials encountered. Of primary importance in the
electric logs is the resistivity traces, where shifts to the right represent higher permeability materials
(i.e. sands) with increased water-bearing potential.

In comparison of geologic and electric log data from both exploration boreholes, the South
exploration borehole is interpreted to have the more favorable hydrogeologic characteristics for
development of a production well.

The production well constructed at the Washoe Lake Wetlands Mitigation Area in the fall of
1996 is located approximately 2Q feet east of the South exploration hole. The aquifer materials
encountered contained a high percentage of silt and fine sand. The production well screen slot-size was
reduced to 0.060 inc[ and a finer gravel pack material was specified to correspond with the geologic
materials encountered.
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WELL LOG

South Exploration (Production l,lell Site) GROUNO ELEVATION.:

LOGGEO BY: GROUND WATER DEPTH:

OATE MEASURED:

s-il-s6 0.0-15.0: Brown, Silty Sand with
estimated 45% medium to low
plasticity fines, 55% fine to coarse
sand. Subrounded

15.0-60.0: Gray, Silty Sand with
estimated 35% low plasticity fines,
65% fine to coarse sand.
Subrounded.

t0

20

s-r2-s6 30

40

50

60 60.0-120.0: Gray, Siltv Sand with
estimated 20% low plasticity fines,
80% fine to coarse sand.
Subrounded.70

80

90t I

100

il0

120

130

140

t50

t60

120.0-130.0: Gray, Sandv Silt with
estimated 65X low plasticity fines,
35% fine sand. Subrounded.

130.0-140.0: Gray, Siltv Sand with
estimated 35% low plasticity fines,
65% fine to coarse sand.
Subrounded.

140.0-160.0: Gray, Sandv Silt with
estimated 15% low plasticity fines,
85% fine to coarse sand.
Subrounded.

EXPLANATION

Number ot Blows: Recold number of blows for one foot penetration of sampler using 140 pound hammer falling 30 inches.
oesctlption: oescribe soil type by Unitied Soil Classilication System Hlth emphasis on in-place or natural condition.
PP: Pocket Penetroneter Measuement (tons per square foot)

I Spfitspoon Sample Location

Z tnn ltatt shelby Location

t s vE6As,l€v^{lA
PH'END( ARUOM

blashoe Lake Wetlands 0990-27-l
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WELL LOG

WELL N0.: South Exploration (Production l,teil Site) GROUND ELEVATION.:

GROUNO }{ATER DEPTH:

DATE: 9'tl-96
TypE OF BORING: Mud Rotar

r70

t80

190

200

zto

220

230

160.0-200.0: Gray, Siltv Sand with
estimated 25% low plasticity f ines,
75i6 line to coarse sand.
Subrounded.

2OO.0-22O.0: Gray, Siltv Sand with
estimated 15% low plasticity fines,
85% fine to coarse sand.
Subrounded.

220.0-310.0: Gray, Siltv Sand with
estimated 20% low plasticity fines,
80% fine to coarse sand.
Subrounded.

240

250

260

270

280

290

s-r3-s6 300

310 |a;-| ll-l-IJ-Il 310.0-330.0: Gray, sittv sand with
estimated 25% low plasticity f ines,
75?d tine to coarse sand.320' ' U_LIJ_|J ..Subrounded.

EXPLANATION

Number of BloHs: Record numbet ot btows for one loot penetration of sampler using l4O pornd hammer falling 30 inches.
oescrlptlon: Descrlbe soil type by ursfied Soil classllicatlon System trlth emphasis on in-plac€ or natural condition.
PP: Pocket Penetrometer Measurement (tons per square foot)

I Splitspoon Sample Location

Z mtn t{a[ sherby Location

iiiE RENo/spARKs. NEVA

ilal3 LAS \'EGAS, NEVAoI
:n*Ig PloEilIx 

^RrzoN

Washoe Lake Wetlands Proiect No. 0990-27-l
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}'IELL LOG

South Exploration (Production hlell Site) GROUNO ELEVATION.:

GROUND WATER DEPTH:

TypE OF BgRING: Mud Rotary

330

340

350

360

370

380

-t+/Ttl 330.0-3oo.o: Gray, poortv Gractect

: .ll | | TT+{tr$ with estimated r0% row

.ll I I plasticity fines, 90% fine to coarse

: .ll I I sand. subrounded.

. .ll I l-- Harder drilling.

a
a

a
a

360.0-450.0: Gray, Siltv Sand with
estimated 20% low plasticity fines,
80% fine to coarse sand.
Subrounded.

390

00

4t0

g-14-96
20

30

40

50

60

70

80

450.0-500.0: 6ray, Siltv Sand with
estimated 30% low plasticity fines,
70% fine to coarse sand.
Subrounded.

EXPLANATION

Nutlber ol Blo|{s: Record number ol blows Jor one loot penetration ol sampter using l4O pound hammer falling 30 Inches.
oescription: oesctibe soil type by Unllied soil classltication systen Hith emphasis on ln-place or natural condlflon.
PP: Pocket Penetrometer Measurement (tons per square foot)

I Spltspoon Sample Location.

Z mn t{a[ shetby Location

LAS VEGAS. NEVAOA

P}OENIX, ARIZONA
Washoe Lake Wetlands Proiect No. 0990-27-l

Plate
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WELL LOG

WELL N0.: South Exploration (Production ttett Site) GROUNO ELEVATION.:

LOGGEO BY: GROUNO l{ATER DEPTH:
ggg. 9-tt-96

90

5r0

520

500.0-590.0: Gray, Siltv Sand with
estimated 40% low plasticity fines,
60% fine to coarse sand.
Subangular.

40

550

60 Some clay.

70

0

Harcler drilling.

590.0-680.0: Gray, Sandy Silt with
estimated 55% low plasticity fines,
45% line to coarse sand.
Subangular.

6t0

20

40
EXPLANATION

Number of Blows: Record number of blo|{s tor one toot penetration of sampter usino t4O pound hammer falling 30 inches.
oescription: oescrlbe soil type by unified soll classlfication syste. xith enphasis on in-ptace or naturat condition.
PP: Pocket Penetrometer Measurement (tons per square lootl

I Splitspoon Sample Location

z Thin |{all shelby Location

Washoe Lake l'letlands Proiect N0.0990-27-l
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WELL LOG

tiELL NO.: South Exploration (Production ttett Site) GROUND ELEVATION.:
LOGGED gy. D. Snith

GROUND WATER OEPTH:
9419. 9-l-96

650

660

670

0

90

700

710

720

730

740

750

760

770

780

790

EXPLANATION

Number ol Blows: Record numbef of blows lor one toot penetration of sampler using l4o pound hammer talling 30 inches.
0escription: oesclibe soil type by unlfied soil Classification System !,ith emphasis on in-ptace or naturat condition.
PP: Pocket Penetrometer Measurement (tons per squale footl

I spiiiiboon sample Location

Z Intnttan shetby Location

LAS VEGAS. NEVAOA
PFOENIX, ARIZONA

Washoe Lake Wetlands Proiect No. 0990-27-l
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WELL LOG

LOGGEO gy. O. Snith
GROUNOELEVATIgN.: 5035 bpproxinate)

GROUND WATER OEpTH: Ground surface (artesian)

0ATE MEASURF:O' septenber 1996DATE: 9-18-96

TypE OF BORING: Mud Rotary

10

0.0-25.0: Brown, Siltv Sand with
estimated 45% medium to low
plasticity fines, 55% fine sand.
Subrounded.

25.0-35.0: Brown-gray, Sittv Sand
with esiimated 40% tow plasticity
fines, 60% fine to medium sand.
Subrounded.

35.0-55.0: Brown-gray, Siltv Sand
with estimated 20% low plasticity
fines, 80X fine to coarse sand.
Subrounded.

55.0-75.0: Brown-gray, Poortv
Graded Sand wiih Sitt with estimated
l0% low plasticity fines, 90% tine to
coarse sand. Subrounded.

75.0-105.0: Brown-gray, Sittv Sand
with estimaied 20% low plasticiiy
Jines, 80% fine to medium sand.
Subrounded.

Harder drilling.

105.0-120.0: Brown-gray, Sandy Sitt
with estimated 55% low to medium
plasticity fines, 45% fine sand.
Subrounded.

120.0-150.0: Brown-gray, Sittv Sand
with estimated 20% low plasticity
fines, 80% fine to medium sand.
Subrounded.

150.0-165.0: Brown-gray, Siltv Sand
with estimated 15% low ptasticity
fines, 85% fine sand. Subrounded.

40

50

60

20

30

90

100

il0

120

130

t40

r50

r60

70

80

EXPLANATION

Number ot Blows: Record number of bloHs tor one foot penetration ol sampler using l4O pound hammer lalling 30 inches.
Description:oesctlbe soil type by Unified Soil Classification System wlth emphasis on in-ptace or naturat condition.
PP: Pocket Penetrometer t'teasurement (tons per square lootl

I Sptitspoon Sampte Location

z tnin fan shetby Location

LAS VEGAS, NEVAoA
PI{OEND( ARIZOM

Washoe Lake Wetlands Proiect N0.0990-27-l
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WELL LOG

11ELL NO.: North Exploration GRSUNDELEVATION.. 5035 (approxinate)

LOGGEO gy. D. Snith GROUNO WATER DEPTH: Ground surface (artesian)

ga1E. 9-18-96 gATE MEASUggg. Septenber 1996

TypE OF BORING: Muct Rotdry

170

r80

t90

200

210

220

230

165.0-180.0: Brown-gray, Siltv Sand
with estimated 15% low plasticity
fines, 85% fine to coarse sand.
Subrounded.

180.0-240.0: Brown-gray, SjllL
Sand with estimated 20% low
plasticity fines, 80% fine to coarse
sand. Subrounded.

240

250

260

270

280

290

300

3t0

320

a
a

a
a

a

a

o
a

a
a

a

o
a

a
a

a

a
a

240.0-250.0: Brown-gray, Siltv
Sand with estimated 30% low
plasticity fines, 70% fine to coarse
sand. Subrounded.

250.0-270.0: Brown-gray, Siltv
Sand with estimated 15% low
plasticity fines, 85% fine to coarse
sand. Subrounded. Hafder drilling.

270.0-320.0: Brown-gray, Poorlv
Graded Sand with Silt with estimated
l0% low plasticity fines, 90% fine to
coarse sand. Subrounded.

EXPLANATION'

Number of Blows: Recold number of blows for one toot penetration of sanpler using 140 pound hammer falling 30 inches.
Description: Oescribe soil type by Unitied Soil Classification System with er@hasis on in-place or natural condition.
PP: Pocket Penetrometer Measurement (tons per square loot)

I Sptltspoon Sample Location

Z Ttiin Hatt shetby Location

LAS VEGAS. NEVATIA
P}OENIX, ARIZON^

Washoe Lake Wetlands 0990-27-l
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WELL LO6

|IELL NO.: North Exploration GROUNDELEVATIgN.: 5035 bpproxinate)

LOGGED gy. D. Snith GROUND WATER DEpTH: Ground surface (artesian)

9419. 9-18-96 OATE MEASU1E1. Septenber 1996

TypE OF BORING: Mud Rotary

33ol I ltllltl *";ii,';1,'',"1?;'?'fY;P*
. plasticity fines, 85% fine to coarse

sand. Subrounded.
340 1 I l+lllll Lsgs.o-sgo.o:Brown-sray,sirtv

350 | I lllltll ffiJiT,ffilffii,',:3 1",'",-,,"
sand. Subrounded.

360

370

380

390

Harder drilling.

390.0-430.0: Brown-gray, Silt\t
Sand with estimated 15% low
plasticity fines, 85% fine to coarse
sand. Subrounded.00

4r0

420

30

40

50

60

70

80

430.0-490.0: Brown-gray, Siltv
Sand with estimated 2O% low
plasticity fines, 80% fine to coarse
sand. Subrounded.

s-20-s6

EXPLANATION

Number of Blows: Record number ot blows lor one loot penetration of sampler using 140 pound hammer lalling 30 inches.

Description: Descrlbe soil type by Unified Soil Classification Systerf, Hith emphasis on in-place or natwal condition.
PP: Pocket Penetrometer Measurement (tons per square loot)

I Splitspoon Sample Location

Z Ttiin walt shetby Location

RENO/SPARKS. NEVAOA

LAS VEGAS. NEVAOA

PHOENIX. ARIZONA
Washoe Lake Wetlands Proiect
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l'lELL LOG

GROUND ELEVATION.. 5035 bpproxinate)

GRgUND tiATER 9EpTH: dround surface (artesian)
9419. 9-18-96

TYPE OF BORING:

DATE MEASUREO. SEPIEN\ET /1996

90 490.0-500.0: Contains some clay.

500.0-600.0: Granite and Lithic
Fraoments with esiimated 7OU

Granite, 30% Lithic Fragments.
Little gray clay. Granife:
Black-white, quartz, feldspar, and
mica. Angular Lithic Fraoments:
Red-brown-white, assoited
composiiion. Angular.

00

5t0

520

530

40

550

0

570

80

590

0

6r0

40
EXPLANATION

Number ol Blo|{s: Record numbel of blows tor one toot penetration of sampler using t4o pound hammer lalling 30 inches.
Descrlption: oescrlbe soil type by unltied soit classification system Hith enphasis on in-ptace or natural condition.
PP: Pocket Penetrometer Measurement {tons per square toott
f splitspoon samDte Location

Z tnin Hail shetby Location

/_\./_\ 
|

LAS VEGAS, NEVAOA
PHOENIX. ARIZONA

Washoe Lake Wetlands Proiect N0.0990-27-l
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WELL LOG

LOGGED gy2 D. Snith
GROUNB ELEVATION.. Approx. 504O

GROUND 1{ATER DEpTH: 5 feet

DATE MEASUggg. il/6/95DATE: tl-tO-95

TypE OF BgRING: Reverse Circulation Rotar

20

t0

ll-7-95 Set
conductor to 56'
(30 inch 0.0.)

il-il-95 start
drllling with
reverse
circulation rlg.

30

40

50

60

70

80

90

100

fl0

120

t30

aaaao

oaa
aaaao
oaoaa
oaato
aa

0.0-21: Very wet, brown Siltv Sand

2l-23: Wet, tan Sandv Clav with
estimated 60% medium plastic fines,
40% tine to coarse sand.

23-28: Wet, mottled orange brown
ancl green tan, interbedded Silty
Sand with Poorly Graded Sand and
Sandy Silt.

28-65: Wet, brown grey, Siltv Sand
with estimated l5-2O% non to low
plastic fines, 80-85% fine to medium
sancls, minor amounts of gravel.
High amounts of micas. 

'

65-75: Brown, Clayey Sand. with
estimated 25-30% low to medium

olastic fines. 70-75% fine to medium

sancl.

75-85: Brown. Siltv Sand with
estimated l5% low plastic fines, 85%
fine to coarse sand.

85-125: Light grey to grey, Poortv
Graded Sand with estimated 5%

non-plastic fines, 90% fine to
coarse sand,5% gravel.

125-135: Light reddish grey Sandy
Gravel with estimated 0-5% fines,
30-40% sand, 60-70% gravel

135-185: Reddish grey, stighily,
fractured, angular cuttings Rhyolite

aaaa
ao

140

150

r60

t70

Bedrock.

EXPLANATION

Number of Blows: Record number of blows tor one loot penetration of sampler using 140 pound hammer falling 30 inches.
oescrlptlon: oescrlbe soil type by Untfied Soil classltication System rith emphasis on in-place or natwal condition.
PP: Pocket Penetrometer Measurement (tons per square foot)

I Splitspoon Sample Location

Z ]htn |{ail shetby Location

mg RENo/SPARKs, NEVA

ilal3 LAS VEGAS. NEVA0A

:;!|:!f$" ProENrx. 
^RrzoM

Washoe Lake Wetlands
Sheet I of 2
Proiect No. 0990-27-l
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1{ELL NO.: NDOT East hbandoned)

}'IELL LOG

GROUND ELEVATION.. APProx. 5040

GriOUNg WATER DEpTH: S feet

SATE MEASUggg. lU6/95
LOGGEO gy. D. Snith

OATE: ll'lO-95

TypE OF BORING: Reverse Circulation Rot

r80

r90

200

210

220

230

240

250

185-200: Rust red to reddish grey,
moderately fractured, very fine
cuttings Rhvolite Bedrock.

2OO-215: Dark grey to reddish grey,
Rhvolite Bedrock.

215-265: light grey to biege minoi
red, highly angular medium sized
cuttings Rhvolite Bedrock.

260

270

280

290

265-275: Rust Red, moderately
weathered, moderatly fractured
Rhyolite Bedrock

275-285: Light grey, Rhvolite
Bedrock

285-305: light grey, large angutar
cuttings Rhyolite Bedrock

305-322: Reddish grey to red,
regular angular cuttings Rhvolite
Bedrock

300

il-t3-95 3:30 pm

3t0

320

330

340
EXPLANATION

Number of Blows: Record number of blows tor one foot penetration ol sampter using l4O pound hammer talling 30 inches.
oescrlption: Describe soll type by Unified Soil Classltication System Hith emphasis on in-place or natural condition.
PP: Pocket Penetfometer Measurement (tons per square footl

I Sptttspoon Sample Location

Z Thtn ttatt shetby Location
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Client: SEA, Incorporated
Address: 950 Industrial Way

Sparks, Nevada 89431
Phone Number: 358-6931
Date Sampled: 11118196 Date Submitted: 1 Il18196
Client Reference: sample labeled NDOT Well.
Laboratory Reference Numbers: 96-2405 through 96-2407.
Analysis Performed: Hydrogen Activiry, Total Alkalinity, Total Dissolved Solids, Chloride,

Fluoride, Nitrogen as Nitrate, Sulfate and Toal Metals as below.

Analysis

PH, SU
Total Alkalinity, as mg CaCOr/L
Bicarbonate, mg/L
Carbonate, mglL
Total Dissolved Solids, mglL
Chloride, mglL
Nitrate (as N), mglL
Sulfate, mglL
Arsenic, mglL
Calcium, mglL
Iron, mg/L
Magnesium, mg/L
Mangauese, mglL
Potassium, mglL
Sodium, mglL

Note:

Analysis By:

Approved By:
//

Date: /ilt7?6
Luborffi

Result

7.70
81

99
N/P

116
<5.0
<0.5

<10
0.005

15

0.78
2.1
0.r7
2.2

t6

N/P is equivalent to "ncit present' by the acid neutralizing det'inition of alkalinity.

321 Freeport Blvd., Sparks, Nevada 89431

P.O. Box 6535, Reno, Nevada 89513

(702) 359-0330

rax tlodl ssg-+roo

Hlubucek/Sharp



I CFIEflAX Laboratories, Inc.
r AnalyticalandEnvironmentalChemists

I EPA Lab ID #NV004
(702) 355-0202

Fax (702) 355-0817

LABORATORY REPORT

I Report To: High Desert I-aboratories, Inc.
321 Freeport Boulevard

I 
Sparls, tIV 89431

Telephone: 359-0330

I Work Authorized By: Bill Sharp

t ."'-

lab Report No.: 16398
Account No.: HDLAB

Fax 359-4106

Date Sampled: li,ll8l96 Date submitted: Lzlr0lg6
I Number of .SampLe"s: 1 Sampled By: Client
I Source: SEA, NDOT Well your Refei"oce,

Chemax Control No. 96-8325

I
I
I
I
I
I
I
I
I ^-^*r t-** Dare: 12117196r Anatysls uY: t,aulsncn 

A

I Approved By: A lJr. Date: r2tr7ts6I L\wu{\- 
page 1or 1

I g92 Spice Islands Drive, Sparks, Nevada 89431 o P.O. Box 21122. Reno, Nevada ggb15I

Boron, mgll- <0.05

Remarks:
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1.0 INTRODUCTION

Harding I:wson Associates (HLA) is pleased to provide this hydrogeologic eualuation'of the
Washoe Iake Mitigation Area conducted for the Nevada Department of Transportation
NDOD. This scope of work was described in HLA's Task Order I dated May 6, 1993. The
Task Order was approved May 11, 1993, by Daryl N. James of the NDOT.

1.1 Purpose

The NDOT plans to create 269 acres of wetlands along the southern fringe of Washoe I-ake
in Washoe County, Nevada. The purpose of this project was to conduct a hydrogeologic
evaluation of the Washoe kke Mitigation Area to evaluate the possibility and coit-
effectiveness of using groundwater wells as a means to inundate the required acieage during
periods of inadequate surface water availability.

1.2 Scope

HLA accomplished the above purpose by performing the following:

. A water well usage survey utilizing Well Driller's Reports for domestic and
agricultural wells located in the Washoe Valley within a 2 mile radius of the
mitigation area.

. A review of maps and analytical reports summarizing geologic, hydrologic,
hydrogeologic, and soils characteristiis of the Washoe-Villey area.

o A review of Water Chemistry Analysis records compiled by the Nevada
Division of Health for groundwater samples recovered from wells within a 2
mile radius of the mitigation area.

. The performance and data analysis of a geophysical resistivity survey conducted
in the mitigation area.

. The preparation of this report summarizing the findings.

1.3 Background

The Washoe I:ke mitigation area encompasses approximately 269 acres along the southern
fringe of Washoe I-ake in Washoe County, Nevada. A location map is shown on Plate 1. The
mitigation area is bounded by levees to the north and south, Highway 395 to the west, and
East I-ake Boulevard to the east. A site plan is shown on Plate 2. The NDOT plans to
construct four additional levees parallel to the existing ones. Once completed, 140 aCres will
be inundated with water. The area must remain flooded to retain its wetlands status. and as
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I surface water rech:Lrge is not dependable, NDOT desires to establish groundwater as urn

I 
dternate water source, if possible.

I The NDOT has calculated that approximately 700 acre feet of water per year will be required

r to inundate the area, excluding all other sources. The 700 acre feet may need to be supplied

I in a period of less than I ysr a:i significant fluctuations in surface water availability withinE 
the mitigation area occurs as a result of searcnal fluctuations. Based on discussions with

I NDOT, a production rate of 700 acre feet in a six month period (summer) was zrssumed. This

I would require construction of a groundwater production well or wells capable of continuously
producing approximately 1,000 gallons per minute. Little or no information regarding

I groundwater quality, availability, production, etc., has been developed for the NDOT Washoe

f I-ake Mitigation Area. As a result, HLA has conducted a preliminary hydrogeologic
evaluation in an attempt to avoid the high costs of well installation, should the subsurface

i I conditions prove unfavorable to groundwater development, or the groundwater quality prove
' I unacceptable to the area wildlife.
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2.0 GENERAL SITE CHARACTERIZATION

2.1 Location

The NDOT Washoe I-ake Mitigation Area encompasses approximately 269 acres along the
southern fringe of Washoe I:ke in Washoe County, approximately 3 miles north of Carson
City, Nevada. Specifically, the site is located in portions of the southeast ll4 of Section 23,
southern portion of Section 24, ll4 of the southwest 1/4 Section 19, northwest 1/4 of the
northwest of Section 30, northern portion of Section 25, and the northeast ll4 of the northeast
ll4 of Section 26, Township 16 north, Range 20 east, Mount Diablo Base and Meridian @late
1). The mitigation area is bounded by levies to the north and south, Highway 395 to the west,
and tr^st I-ake Boulevard to the east @late 2).

2.2 Topography

The topography in the mitigation area consists of the relatively level alluvial floor of the
Washoe Valley which is bounded on the west by the Carson Range, a frontal range of the
Sierra Nevada, and on the east by the Virginia Range (ma:<imum altitudes of approximately
9,900 and 7,500 feet above sea level, respectively). The altitude of the valley floor is
approximately 5,050 feet abdve sea level (Arteaga & Nicols, 1984). The valtey floor slopes
gently to the north, with a ma:<imum slope of approximately 7.3%.

The most prominent physiographic feature of the Washoe Valley is Washoe I-a.ke, which
comprises approximately 7.5 square miles when full. Washoe I-ake overflows northward into
smaller Little Washoe Iake which empties into Steamboat Creek, a tributary of the Truckee
River located approximately 13 miles north of the valley (Arteaga & Nicols, 1984).

2.3 Site Description

The site is presently composed of grass pasture-lands and inundated areas. The mitigation area
is bordered by Highway 395 to the weSt, tras1 I-ake Boulevard to the east, and levees
(approximately six feet above the valley floor) to the north and south. McEwen Creek,
flowing qrst from the Carson Range, flows through the site from the south, emptying into
Washoe I-ake @late 2). The levy on the northern border of the site retains a portion of
McEwen Creek, inundating the area adjacent to the southern edge of the levee.

Privately-owned ranches maintain cattle on the fenced pasture-lands. The pastures are irrigated
via water pumped from Washoe I:ke. Nesting and migratory waterfowl inhabit the area.

Harding Lawson Associatos
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- 2.4 Wetlands Status

I In 1989, the NDOT established the Washoe kke Mitigation Area to replace wetlands lost or
. impacted as a result of highway construction activities in west-central Nevada (James, l99l).
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3.0 ETWIRONMET.ITAL SETTING

3.1 Climate

Precipitation generally moves eastward across the Washoe Valley. As moisture-bearing air
masses move eastward across the Sierra Nevada Mounlains, they rise and cool, causing
precipitation. Unless the air mass is very moist, it will contain little moisture by the time it
reaches the Washoe Valley. This "rain shadow" effect results in a mean annual precipitation
rate of approximately 10 inches per year in the Washoe Valley, while this rate is as high as
60 inches per year in the highest regions of the adjacent Carson Range to the west (Arteaga
& Nicols, 1984).

Winters in the Washoe Valley are long, with moderate amounts of snow on the valley floor.
Snowfall in the surrounding Carson and Virginia Ranges can be quite heavy. Temperatures
in the short summer season range from 70-85 degrees (F) warm during the day to 50a0
degrees (F) at night. With the exception of occasional thunderstorms, summer precipitation
is rare (Rush, 1967).

Precipitation in recent years has been below normal. In late spring of 1991, Washoe I-ake
dried up as a result of drought conditions (James, 1991). Subsequent precipitation, however,
has re-established much of the lake and surrounding wetlands.

3.2 Geology

Washoe Valley is a basin filled with Quaternary alluvial deposits shed frcjm the surrounding
Carson and Virginia Ranges, and lake bed deposits near the margin of Washoe I-ake. Alluvial
deposits consist of poorly-bedded gravel with sand. lake bed deposits consist of welt-bedded
silt and sand (Trexler, 1977). According to the "Washoe City Folio Geologic Cross Sections
Map" (fabor & Ellen, 1976), alluvium is up to 1,500 feet thick approximately 1.5 miles north
of the mitigation area.

In the vicinity of the mitigation area, the Carson and Virginia Ranges consist of Cretaceous
granodiorite overlain by Tertiary volcanics (Trexler, 1977).

Well logs reveal that the bedrock under Washoe Valley is not significantly fractured and/or
water-bearing.
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3.3 Faulting

In the assessment of aquifer production an important factor relates to recently do"u*"nt"d
surficial displacement. Faulting and displacement can result in significant variations in
groundwater production by €using groundwater level fluctuations, "no flow" boundaries,
vertical impermeable zones, etc. The'more recent the latest diqplacement along a fault, the
more likely movement will occur during the life of the project effecting groundwater
production or the water distribution systdm. Holocene-age faults (from approximately 0 -
12,000 years before present) are considered to be more probable sites for near-future
earthquake events than are Pleistocene-age. faults (from approximately 12,000 - 2,000,000
years before present).

The most current and applicable published information is the "Earthquake Hazards Mup,
Carson City Quadrangle" (frexler & Bell, 1979). The map indicates a Pleistocene-age fault
directly south of the mitigation area. Although this fault trends. toward the site, no surface
expression is visible on the map, aerial photographs, or on the ground surface.

Therefore, based on published information, aerial photograph review and field evidence, it is
HLA's opinion that minimal hydrogeological impacts from faulting are anticipated. Additional
information may be developed following future pump testing.

3.4 Hydrogeolog5r

The following information and data were derived from Rush (1967).

The coefficient of transmissivity is the measure of the resistance to groundwater flow in an
aquifer. The coefficient of storage in a heterogeneous valley-fill reservoir is a measure of the
amount of downward drainage of water as water levels are lowered by pumping. When
utilized together, these two coefficients can be used to describe the distribution and amount
of water-level decline that would result under specific pumping conditions.

The coeff,rcients of transmissivity and storage were determined for two wells located in the
Washoe Valley, approximately 2.5 miles northeast and 3 miles northwest, respectively, of the
mitigation area. These values were 50,000 gallons per day (gpd) per foot, and 150,000 gpd
per foot. It is not uncommon for these values to fluctuate widely in alluvial deposits such as
seen in the Washoe I-ake area. The following are possibilities for the fluctuations in values:

' o A ,wide range in the water-yielding properties of the valley fill from one place
to another, which could be attibuted to varying subsurface soil types, in
particular decomposed granitii detritus.
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o Most water production seems to be associated with and derived from sand
lenses, which requirc sp€cid techniques in well construction and development
to obtain an acceptable well.

. Many of the low-yielding wells in the valley are less than 200 feet deep,
suggesting that a considerable thickness of valley fill must be penetrated to
obtain large well yields.

Recoverable groundwater in storage is that part of the water moving through the valley fill
reservoir that will drain by gravity in response to pumping. Recoverable groundwater in
storage is the product of the specific yield, the area of the groundwater reservoir, and the
selected saturated thickness of the alluvium. Specific yield of a soil is the ratio of the volume
of water which the groundwater reservoir will yield by gravity to the reservoir volume. This
ratio is stated as a percentage. In the Washoe Valley, the average specific yield of the valley
fill reservoir is approximately 15%. The selected thickness of the aquifer used in this
estimation was the uppermost 100 feet.

Based on Rush's data, a rough estimate of recoverable groundwater for the Washoe I-ake
Mitigation Area can be made. Using a surface area of 269 acres multiplied by the selected
depth of 100 feet and multiplied by the drainable volume of 15%, the estimated recoverable
groundwater in storage for the mitigation area is 4,035 acre feet.

Wells that penetrate more than the upper 100 feet of the aquifer, however, will have the
potential of yielding greater volumes of water than the above calculation suggests. The
apparent variable characteristics of subsurface soils must also be considered when making these
estimations

3.5 Surface Hydrology

Depth to groundwater in the mitigation area generally varies from 0 to 5 feet below ground
surface (Rush, 1967). Water stored in Washoe I-ake and Littte Washoe I:ke, and in inundated
areas, can be considered rejected groundwater recharge. If the valley fill reservoir is not fully
or nearly saturated, much of this surhcial water would infiltrate.

McEwen Creek, flowing east from the Carson Range, flows through the mitigation area from
the south, emptying into Washoe I:ke @late 2). Stream flow for McEwen Creek was
measured for the months of May through November, L966 @ush, L967). For this period of
time, the flow for McEwen creek averaged 0.25 cubic feet per second.

Several other streams located to the north of the mitigation area flowing from the Carson and
Virginia Ranges also drain into Washoe I:ke. Water in Washoe Lrke hows to the north into
Little Washoe I-ake, which empties into Steamboat Creek, a tributary of the Tnrckee River
located approximately 13 miles to the north of the valley (Arteaga & Nicols, 1984).
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Precipitation for the Washoe Valley averages approximately 10 inches per year (Arteaga &
Nicols, 1984). In years of normal precipitation and sEeam runoff, Washoe I:ke remains full,
and the surrounding wetlands remain inundated and/or moist. During drought yqrs, however,
Washoe Ltke and the surrounding inundated areas may dry up. Over'the last several years,
Washoe I-ake has been dry due to low precipitation. The lake is filling now d'ire to the
abundant snow pack from the 1992-1993 winter.

Since the mitigation arql remains saturated in the winter and spring months during years of
normal precipitation and stream nrnoff, the opention of groundwater wells for surficial water
supply may be minimal during these naturally wet periods. Groundwater demand for the
maintenance of wetlands, however, will be much higher during dry months and drought
periods.

3.6,5oils

Soil types and characteristics are important aspects when considering the amount of available
groundwater, and the ease at which it may be abcessed. Soils consisting mainly of clays and
silts may be reservoirs for large quantities of groundwater, but will not easily yield the water.
Conversely, aquifers consisting of large amounts of uncemented sand and/or gravel may
contain and yield large volumes of groundwater.

According to Baumer (1978), the soils in the mitigation area were formed from detritus
derived dominantly from the surrounding granitic rocks, and consist mainly of slightiy to
strongly saline loamy sands. A loam is defined as a soil material that is 7% -27%.clay,28%
- 507o silt, and less than 52% sand.

Permeability is the quality of the soil that enables water to move downward through the
profile. A high permeability would enable surficial water to recharge subsurface aquifers at
a high rate, resulting in a potential for large quantities of groundwater. The permeability of
soils in the mitigation iuea is moderately rapid (6.0 - 20 inches per hour) @aumer, 1978).

Baumer's research suggests that soils in the mitigation area may provide favorable reservoirs
for large quantities of groundwater.
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4.0 DATA GATIIERING AND ANALYSES

The following sections describe the field, research, and analytical techniques used to obtain
the objectives of this project.

4.1. Literature Search ;

During the week of May l'7, 1993, an HLA geologist visited the following facilities to review
and/or obtain information pertaining to this projecu

o Nevada Division of Water Resources, Carson City, Nevada: Obtained copies
of Well Driller's Reports for 82 groundwater wells located within a 2 mile
radius of the mitigation area, and copies of reports discussing the hydrologic,
geologic,,and hydrogeologic characteristics of the Washoe Valley area.

,.0{ . . . U.S Geological Survey, Carson City, Nevada: Obtained reports discussing the

.r\J ( 1.r," hydrologic, geologic, and hydrogeologic characteristics of the Washoe Vailey
\\' ' r..\\ area.t 

\)n" 

qw'

o Nevada Bureau of Mines and Geology, Reno, Nevada: Obtained various
geologic and hydrogeologic maps pertaining to the mitigation area.

A soil survey report of Washoe County was obtained from the United States Department of
Agriculture, Soil Conservation Service, in Reno, Nevada.

All of the above-referenced literature was reviewed before preparation of this report.

4.2 Water Well Usage Survey

Well Driller Reports for groundwater wells located within a 2 mile radius of the mitigation
area were reviewed. Data obtained from these reports are summarized in Appendix A.

In most cases, depth to water varies from surface to approximately 50 feet below ground
lurface. Well depths vary from & to 468 feet below ground surface. In all cases, well screen
occurs toward the bottom of the interval, suggesting that water quality in Washoe Valley
improves with depth.

. Most weil production rates were determined to be less than 50 gallons per minute (GPM).
There were, however, 6 wells with reported production rates of 100 GPM or more. All of
these higher-producing wells were deep Q6A - 468 feet below ground surface), with some
reaching bedrock.
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These data suggest that a large diameter well installed and screened deep into the valley fill
reservoir may have the potential to produce large quantities of high quality groundwater.

4.3 Water Chemistry Analyses

Water Chemisbry Analysis reports were reviewed for analyses performed on groundwater
samples recovered from wells located within a 2 mile radius of the site. Of tlie 21 samples
recovered for analyses, 9 met the chemical quality of the State of Nevada Drinking Water
Standards. The most frequent constituents exceeding the State Drinking Water Standards were
iron and manganese. Fluoride, arsenic and zinc also exceeded Stat€ limits in some instances.
Copies of the Water Chemistry Analysis reports are shown in Appendix B.

4.4 Geophysical Analysis

To delineate subsurface stratigraphy and potential groundwater-bearing horizons, HLA
conducted a geophysical survey in the mitigation area on June 8 and 9, 1993. Details, results,
data, figures, and recommendations from the survey are included in Appendix C.

Geophysical activities consisted of six direct-current resistivity soundings. The locations of
the soundings, designated VES-I through VES-6, are shown on Plate 1 in Appendix C. Each
sounding measured vertical variations of electrical resistivity in the subsurface soils.
Variations in resistivity can be associated with soil and pore water conditions to help predict
favorable locations for future groundwater production wells.

On the basis of the electrical resistivity survey conducted for the mitigation area, the study area
appears to consist of four major resistivity layers. It is assumed that the controlling factors
effecting resistivity include a combination of subsurface soil types (i.e. clay, silt, sand, gravel),
water quality [i.e. total dissolved solids C[DS), conductivity], and the presence of bedrock.
Typically resistivity values decrease with an increase in water quality such as TDS. Clayey
and silty soils will also contribute to low resistivity values. Coarse grained sediments such as

sands and gravels that have low TDS porewater will generally exhibit higher resistivity values
and offer a good potential for a future high-capacity groundwater well. Generally, little-
weathered and unfractured bedrock has very high resistivity properties.

The four resistivity layers shown in the cross-sections on Plates 2 and 3 of Appendix C have
the following characteristics:
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TABLE 1 . APPARET.TT SI]BSURFACE LAYERS

Approximate Resistivity Range Possible Hydrogeologic Properties

I-ess than 40 ohm-melers Clayey or silty soils, possibly high TDS
groundwater,

40 to 90 ohm-meters Clayey to sandy soils, intermediate TDS
groundwater

90 to 190 ohm-meters Silty to sandy soils, low TDS
groundwater, possible
fractured/weathered bedrock

Greater than 190 ohm-meters Rock or partially saturated sediments

r I-ayer 1 extends from the surface to depths ranging from less than 10 feet to approximately
150 feet below ground surface (bg9. Since resistivity values for I-ayer 1 are generally less

I than 40 ohm-meters, these subsurface soils are interpreted to be poor areas for waterr production due to the presence of fine grained materials and/or poor groundwater quality.

I I-ayer 2 apparently consists of a number of different materials and is variable in thickness.r Along the northern levy, I:.yer 2 has resistivity values ranging from 77 to 96 ohm-meters,

I and is thickest toward the center of the valley. Along the southern levy, Iayer 2 has

I generally higher resistivity values ranging from 98 to 190 ohm-meters, and a thickness bfr up to 550 feet near the eastern margin of the levee (VES-4). The combination of the high

i resistivity and thickness of this layer make it attractive for high producing groundwater

I wells.

I Layer 3 displays resistivity values ranging from 35 to 88 ohm-meters and a thickness of 500
to over 1,000 feet. The estimated depth to the top of I-ayer 3 is generally greater than 750

I feet bgs. The combination of low resistivity and depth make this layer unattractive as an

I exploitable groundwater source.

I I-ayer 4 is interpreted to be the approximate minimum depth to bedrock.
I

I:yer 2 displays the most favorable characteristics for groundwater exploitation. The area

I near VES-4 and VES-5, adjacent to the southern levee, exhibit particularly favorable
I conditions for future wells. Groundwater wells of the appropriate depth and screened

I
I
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Along the southern cross-section @late 3), I-ayer 2 has generally higher resistiviry values of
from 98 to 190 ohm-meters and a thickness of up to 550 feet near VES-4. The area near
VES-5 and VES-4 exhibit particularly favorable conditions for a future well. The
combination of high resistivity and a relatively thick layer suggests that a high froducing,
good-quality well may be located in this area. Another possible location for a favorable well
site would be near VES-3, where a very thick layer of moderate resistivity (96
ohm-meters) indicates a thick permeable layer with the potential for high-production
capacity. However, the water quality at VES-3 may not be as good as I:.yer 2 in the
vicinity of VES-4. Other regions of I-ayer 2 have lower resistivity values and are
interpreted to have less favorable conditions for a well.

I:.yer 3 has resistivity values ranging from 35 to 88 ohm-melers and a thickness of 500 to
over 1,000 feet. The depth to the top of I-ayer 3 is generally greater than 750 feet below
ground level. The combination of low resistivity and depth to this resistivity layer make it
unattractive as an exploitable water source.

kyer 4 is interpreted to be the approximate minimum depth to electrically resistive
bedrock. These data are based on including a resistive basement layer of greater than 1,000
ohm-meters during the computer modeling. This layer represents the interpreted minimum
depth to unweathered, unfractured bedrock beneath the site. The accuracy of the modeled
depth to l:yer 4 cannot be reliably estimated but is assumed to be poor compared to the
upper layers.
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- interval should be able to access large quantities of high quality groundwater in this area.

i With the gentle .gradient down to the north, water may be pumped to the. surface, and

I gravity fed to the rest of the mitigation area.

I Another possible location for a favorable groundwater well would be adjacent to the

I northern levee near VRS-3. Subsurface soils in this area include a very thick layer of
moderate resistivity (96 ohm-meters), indicating a permeable layer that has the potential for

I high production capacity. Ttre waier quality.t VfS-9, however, may not be as good as

I Layer 2 in the vicinity of VES-4 and VES-S. Groundwater recovered from wells located
adjacent to the northern levee would have to be pumped once it reached the surface to

I inundate areas upgradient to the south.
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5.0 DISCUSSION

Based on the results of the research and field activities described in preceding sections, it
appears that hydrogeologic conditions in the mitigation area are favorable for production
wells capable of providing groundwater of the quality and quantity necessary to fulfill the
NDOT's requirements. Further, location of the wells in the southern most portion of the
mitigation area to facilitate installation of a gravity fed distribution system also appears
feasible.

At this time, HLA r@ommends that a single 10-14 inch diameter recovery well be installed
at the location shown on Plate 2. This well should be drilled to a depth of approximately
600 feet below the ground surface and screened form approximately 150 feet to 550 feet
Qayer 2, as described by the geophysical survey). The specific screen interval and depth
can be modified as necessaqf during drilling. As the hydrogeologic conditions appear
favorable for the production well, the expense of placing a monitoring well. or piloi 

-hole

does not appear justifiable. The costs for installation of a monitoring well (to 600 feet are
simply to high to justify installing the target diameter production well.--Desigh-and
generation of specifications for the production well is beyond the scope of this project and

'can be performed at a later date based on the requirements of NDoT.

A number of well drilling methods can be applied on this site to include reverse circulation
rotary; air rotary with foam, etc. Selection of the method should be based on drillers
experience, cost and impacts of drilling methods to the local wetlands environment.

All well installation activities should be overseen and soils classified by an experienced
hydrogeologist.

It is unlikely that an individual well will produce the necessary quantity of water (+/- 1000
gpm). Based on the water well usage survey and hydrogeologic characteristics of the
mitigation area, ii appears reasonable to estimate that a 10-12 inch diameter well installed
as summarized above will produce_]l_0 to 500 gpm. Obviously, this eitim-ate--iiiust be
refined by pump testing the well foitiiri,ing installation. Due to ttris estimated production
rate and to provide a reasonable amount of redundancy, should a pump fail during a dry
period, three wells should be planned. The exact locations (in the southern portion of the
mitigation ue), depthq, etc. of the two additional wells can be formaliied foUowing
installation and pump testing of the initial well.

As previously mentioned, pump testing of the initial well will be required to predict
groundwater production rates, additional well locations, etc. It is recommended that
following well development, a continuous 72 hour pump test be conducted, data reduced
and hydrogeologic conditions evaluated. This test will provide quantitative data regarding:
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o aquifer types,
o hydraulic conductivities,
o storage coefficient,
. well yields,
o long term production potentials,
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o transmissivities, j

o drawdowns,
. radius of influence, and
o potential difficulties due to hydrogeologic factors not identified during

literature review, geophysical activities and well drilling.

It is also important to note that pumping may result in a more rapid lowering of existing
surface water in the Washoe kke (beyond the mitigation area). Further information
regarding these impacts can be provided following pump testing.

HLA was informed by Mr. Al Porta of the Water Pollution Control Department of the
Nevada Division of Environmental Protection (NDEP) that a National Pollutant Discharge
Elimination System (I.[PDES) permit will not be required since the pumped groundwater
will be used for wildlife maintenance, and not consumption. Upon NDOT's request, HLA
will apply for a waiver of NPDES permit requirements from NDEP.

Design of the purging and distribution system can be provided by HLA upon request of
NDOT.
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Geophysical Survey

This appendix reports the results of Harding l:.wson Associates' (HLA) geophysical survey

at Washoe I:ke State Park near Carson City, Nevada

INTRODUCTION

A direct current electrical resistivity survey was conducted to obtain information that will
assist in delineating subsurface stratigraphy. The objective of this investigation was to

provide information on the configuration of a possible permeable layer that may be suitable

for the constntction of a high-volume groundwater production well.

The geophysicat field work was conducted on June 8 and 9, 1993, by HLA geophysicist

Thomas Casebier with assistance from HLA engineer Kevin Dansie and HLA geologist

Hayden Bridwell.

SCOPE

Vertical electrical soundings (VES) were performed at six locations within the approximately
269-acre site. The soundings are designated VES-I through VES-6. The approximate

locations of each VBS are shown on Plate 1. Location information was based on odometer

readings made in the field from prominent surface features. Spatial restrictions due to

flooded areas required that VRS-I, VES-2, and VES-3 be oriented parallel to the

east-west I-akeside I-evee. VES-4 was oriented from southwest to northeast and VES-5
and VES-6 were oriented in the north-south direction.

METHODS

Direct Current (Dc) Resistivity

VES was used to measure vertical variations of electrical resistivity (the inverse of
conductivity) of the soil. Variations in resistivity can be associated with soil and pore water

conditions.

VES data were collected using the Schlumberger four---electrode array. This array consists

of four earth-contacting electrodes arranged in d cbllindar arny;-Eidbirical cunent (I) is
introduced into the earth through the two outer electrodes (A and B) while the resulting
potential developed (delta V) is measured between the two inner electrodes (M and 10. By

separating the electrodes (A and B) by increasingly greater distances, the electrical current is

forced to flow deeper into the subsurface, thus increasing the depth of investigation. Current
electrode spacings (ABl2) were expanded from 4.64 meters (15.2 feeQ to 681 or 1,000

rllglglg. (2,2J5-o-r-],280 {o0 to obtain resistivity layer information to a depth greater than'

tpi*-ryj:fljlgl. feel" VES data were measured at ABl2 electrode spacing intervals
co-ft SFn-diiig-tO-six-ineasurementsperdecade.
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The potential electrodes are maintained at a fairly close spacing relative to the current
electrodes (AB/MN> - 5). MN is increased only when the potential becomes too small to

measure accurately. Therefore, it is our procedure to repeat at least two readings using both

the initial and the expanded MN. Any variation in the m@surements can then be

compensated for by shifting the data taken at the larger MN spacing to overlap those taken at

the smaller MN. Each sounding required at least one MN shift.

Field Procedures

The VES locations were determined in the field to avoid influences from cultural features

and to provide marcimum coverage of the survey area. The locations were also chosen in an

attempt to avoid latenl resistivity variations that could adversely affect the validity of the

one--dimensional VES modeling.

All VES data were measured using an HlA-built modular DC resistivity system. The
transmitter system is powered by a motor-generator and a variable direct-current power
supply capable of supplying approximately 1,000 watts. The current across the AB
electrodes is controlled by a high-capacity manual switch and is measured on a digital
multimeter with a ma,ximum range of 20 amps. The AB electrodes were copper{ad steel

stakes. The resistivity system was calibrated daily using a resistor test box with four
resistance ranges.

PATA ANALYSIS

Upon completion of the field work, the data were returned to our Novato, California, office
for final interpretation.

Resistivity Models

The program "VBS32" distributed by ABEM AB was used to reduce the resistivity data.

The program refines models (layered resistivity cases) for which the theoretical curve of
measured resistivity versus the AB/2 spacing approximately matches the field data.

The program determines a combination of layer thicknesses and resistivities that gives the

best possible frt to the measured data. These interpretations assume that the geology consists

of generally flat lying, laterally uniform layers. Deviations from these conditions will
produce err.ors in the interpreted layer parameters. In most cases, two models were
considered for each VES dataset. Generally, the preferred model is the one having the

fewest number of layers that gives an acceptable fit to the data.

Plates 2 and 3 present the interpreted model valucjs for the VES data in the form of bar
graphs superimposed on cross-sections. The preferred model(s) is presented showing the
layer resistivity, thickness, and depth.
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Accuracy Estimate

The accuracy of electrical resistivity data depends on a number of factors including
instnrment precision, geologic inhomogeneities, and influences from cultural featuies.
Typically, the accuracy of a VES depth model is 5 to l0 percent of the depth. The VES
models can be refined by correlation with future boring(s) intercepting the aquifer near an
existing VES.

RESI]LTS AND DISCUSSION

On the basis of the electrical resistivity survey conducted for the study, the survey area
appears to consist of four major resistivity layers. It is assumed that the factors affecting
resistivity include a combination of the following: soil type (i.e., clay, silt, sand, gou"[
water quatity (i.e., total dissolved solids, conductivity) and the presence if bedrock.
fypicalf resistivity values decrease with an increase in TDS. Clayey and, to a lesser extent
silty soils, will also contribute to low resistivity values. Coarse-grained sediments such as
sands and gravels that have low TDS pore water will generally exhibit higher resistivity
values and are the target for a future high-capacity well. Generally, basement rock that is
little-weathered and unfractured has very high resistivity properties. Bedrock weathering and
fracturing will.tend to lower these values and, therefore, some bedrock may have similar
electrical properties to permeable sediments with low to moderate TDS.

The four resistivity layers shown in the cross-sections on Plates 2 and 3 can be summarized
as follows:

ApproximateResistivityRange possibleHydrogeologicproperties
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Less thur 40 ohm-meters

40 to.90 ohm-meters

90 to 190 ohm-meters

Clayey or silty soils, possibly high TDS groundwater

Clayey to sandy soils, intermediate TDS groundwater

Silty to sandy soils, low TDS groundwater, possible
fractured/weathered bed rock

greater than 190 ohm-meters Rock or partially saturated sediments

Iayer I extends from the surface to depths ranging from less than 10 feet to approximately
150 feet and covers much of the survey area. Resistivity values for I:.yer 1 are generally.
less than 40 ohm-meters. These materials'are interpreted to be poor areas for water
production due to the presence of fine-grained soil and/or poor quality groundwater.

I:yer 2 probably consists of a number of different materials and is variable in thickness.
Along the lakeside cross-section on Plate 2,I:.yer 2 has resistiviry values of from 77 to 96
ohm-meters and is thickest toward the center of the valley. The thickness of I-ayer 2 along
the lake ranges from approximately 700 feet at VES-I to nearly 1,000 feet at VES-3.
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SEA, lncorporated.g5O IndustrialWayoSparks, Nevada89431 o f/02)a58€931 . Faxgss-69s4 MEMO

To: Jim Murdock, Gary Zunino /)--
FROM: Dwight Smith, Frank Alverson 

)U
DATE: November 14, 1995

PROJECT: NDOT

PROJECT NO: 990-009-882

REGARDING: Washoe Lake Wetlands Mitigation Area Well

Volcanic ubedrock" has been encountered during drilling at the wetlands Well site. As
discussed in our previous correspondence and communication, potentialfor encountering volcanic
rock at the southeast corner of the wetlands mitigation area was anticipated by SEA, based on
aerial geophysical data recently collected by Washoe County Public Utilities (potential not
identified by previous hydrogeologic consultant). However, if volcanic rock is highly fractured and
permeable, significant quantities of water can be produced. When encountered at 185 feet below
ground surface, drilling was therefore recommended to be continued into the volcanic rock.
Drilling was advanced approximately 187 feet into the rock for a total drilled depth of 522 feet
below ground surface. Volcanic materials encountered were geologically logged as competent
volcanic andesite with occasional thin fractured intervals. The consistency of drilled cuttings and
drilling rates indicate a relatively uniform rock mass.

On November 13, 1995, electrical bore hole logging was performed to further evatuate the
potential water yield properties of the volcanic rock. Electrical logging was interpreted in the field
by the electric logging contractor, the driller, and SEA hydrogeologic staff. The logged volcanic
rock does not appear to contain a high degree of fracturing or permeability which is critical to
water yield and long-term water production. The consensus during site review of the electric
logging data was that significant water production from the penetrated volcanic rock would not be
expected. No data indicated that more favorable production conditions exist at greater depth, and
while the conditions at greater depth are unknown, data to support continued drilling was not
present. lt was therefore the recommendation of SEA to NDOT to review and pursue more
hydrogeologically favorable alternatives.

Several options were discussed:

1. Termination of drilling and completion of a small domestic-type well for water supply to
future State Parks facilities,

2. Termination of drilling, abandonment of the open bore hole in accordance with State
regulations, and termination of drilling contract with a future well to be drilled at another on-
site location under a new contract,

3 Termination of drilling, abandonment of the open bore hole, and remobilization of the
. existing drilling contractor to a new drilling location, with provision of drilling service under

a change order to the existing contract.

P"g" 1 "f,



Items for consideration should include water rights concerns, project requirements and
scheduling, contractual requirements, specific location for a second attempt at well drilling, etc.
Water rights concerns are being addressed by Mr. Mike Buschelman at Summit Engineering.
SEA hydrogeologic staff can assist in selection of a new drilling location upon request by NDOT.

Page 2 ot 2
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TO:

FROM:

DATE:

REGARDING:

SEA, Incorporated ' 950 Industrial way . spark, Nevada 89{3r . (702) sss{931 . Fax 358-6954 MEMO

Mr. Jim Murdock, lprl Gary Zunino PROJECT:
l/ D

Dwight Smith 

^U 
PROJECT NO:

November L7,1995

Washoe I-ake Wetlands Mitigation Area Weil

NDOT

990-009-882

As discusstd i1 the meetilg held at the office of SEA on November L6, L995, we have
conducted a review-of_hydrogeologic data in the vicinity of the wetlands mitigation projection. Data
reviewed has included:

Washoe County Public Utility Division aerial geophysical survey data (see attached sketch),

Well logs in the vicinity of the site filed at the State Engineers office (see attached sketch),

Site resistivity survey data collected by Harding Iawson Associates,

Geologic mapping prepared by the Nevada Bureau of Mines and Geology (see attached
copy),

Field observations made during our recent hydrogeologic work at the site.

As reviewed in our meeting, t$s hydrogeologic data along with engineering considerations
for the wetlands project have led to the recommended locatiooslot dri[ing e4ploiation shown on
the attached drawing. At these more_-cen{ully located valley floor sltes, the potential for
encountering a substantial thickness of alluvial material exists. beophysical'data from both the
Washoe- C_oltt y and HLA surveys indicate _potential for encount"iing moderate permeability
materials. While the ground water storage andlransmission properties ."i oot be dete'rmined until
actual well construction is completed, these locations are felt ib represent higher potential for on-site
water productioq based on the data available. It was noted that alihough *or" favorable
exploration locations have been selected, none of the data reviewed indicated rtring possibilities for
a single well of production capacity of 1,000 grm. Exploration bore holes witt provlAe data to assist
in selection of the most favorable location(s) at the site, and may allow for hnd production well
design prior to bid solicitation.
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TO:

FROM:

DATE:

REGARDING:

SEA, Incorporated o 950 Industrial way o Sparks, Nevacta 89431 o (702) 35M931 . Fax 358{954 MEMO

Jim Murdoc( Daryl James PROJECT: NDOT

990-009-882Dwight Smith, Frank Alverson ' PROJECT NO:

November 16, 1995

Washoe Lake Wetlands Mitigation Area Well - Exploration Drilling

Based on SEA's hydrogeologic review of the site, fwo areas for possible ground water
production have been determined and are shown on the attached site map. As disiussed in our
meeting on November 76,1995, exploration of geologic materials at these locations is recommended.
Exploration can be conducted by drilling a small diameter (6'' - 10") bore hole using mud rotary
dllqttg techniques. The depth of drilling should be anticipated to be 6b0 feet, however]actual deptn
yU U9 dictated by lhe geology encountered. During drilling, samples of the drilled cuttings stroutd
be collected at minimum l0-foot-9rpt! intervals, for preparition of a geologic log. Electri-c loggrng
should be performed when the bore hole has been advanced to the final-drilJd depth. Efe&rii
logging will be used to assess water bearing properties of the materials encountered and should
include: standard relistivities, spontaneous potential and natural gamma. Following electric loggrng,
the bore hole should be abandoned with a cement grout or neat cement produc! iriaccordance with
State regulations

Access to both drilling sites will require constructing a temporary gravel access road and
dtilliog pad. The northwest site will require approximately 1b0 feet of u.""rJimprovement, and the
southwest site will require approximately 600 feet of access road.
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