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Existing and future domestic wells at the south edge of the basin will not be affected by

pumping from the northwestern part of the basin. These domestic wells are located over
6 miles away from well BF-2, and are situated substantially up-gradient (Figure 8). The

altitude of the water table in the existing domestic wells ranges from 5,400 to 5,700 feet

above msl, while water levels at the valley floor are approximately 4,900 fee , and lower

in the northwest (Table 2), The cone of depression created by pumping in the northwest

part ofthe basin will not under any practical considerations, propagate this hi gh up into

the peripheries of the flow system.

Likewise, springs in the basin are situated at substantially higher altitudes, ard flows will
not be measurably affected. One exception is Campbell Ranch spring located directly

down-gradient of the basin in Red Rock Valley (2 miles down-gradient of well BF-2).

Some impacts to shallow ground and spring flows at Campbell Ranch are expected over

the long-term; however, it appears from the water chemistry that a northern source of

water contributes to spring flow at the ranch. This component of flow will n >t be

. affected, , . " .

Over time, water levels at the BLM stockwater well in the center of the valley could be

lowered slightly. Any measurable effects arc expected to be subtle and gradually
occurring in time, and are not predicted to occur until after several years of pumping.

Water levels should be monitored in this well as production pumping is initir ted,
' . • 11 . ' . ' 1 ' ' , _ . '

As is the case with any substantial long-term water resources development project,

particularly for municipal purposes, a monitoring program should be initiated. Data on

pumping rates, pumping water levels, and water chemistry should be collect* d

periodically, along with measurements ofwater levels at regional locations. The
collected data will aid in review of the distribution arid rates ofpumping, as related to

long-term sustainability ofpumping and ground water basin management.; Only one
. well is. currently known to, exist in. the center ofvalley (BLM stockwater; wet ),and

additional wells installed specially for monitoring water levels will be needed at some

time in the future.
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Conclusion and Recommendations

I
i , , . ^ . r ' ^ i ' " ' . " j i ' . p. . . " _ —j L . ! ^ -- " i , " , '

which definesan upper linrit of potential ground water yield from Bedell Fla:. Based oh
tttrailaKlp /lain a nnridnnratiim pofinrtafp nf npeprmi'ttl fnr mtirtiplftfll llCAfl in .

Capturing the suggested perennial yield via pumping; from existing wells BF- 1 and BF-2.
may.prpye challengitig, as the transmisslvily of the aquifer is low at fliese locations. An

: additional production well located in east-central portion of the basin may be needed to
. realize the follperennial yield of the basin. Long-term sustainabflity in ground water :

resources development will ultimatelydepend on identification of the right balance in
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distribution and pumping rates from production wells in the basin, which can he defined
by an active ground water monitoring program.

Recommendations for additional work are as follows:

:

1. Redevelop well BF-2, which is currently plugged by debris, and pump the well
for a sufficient period of time to confirm well condition/yield and collect water
samples for complete drinking water quality analyses, including radioactivity.
Replace the well cap for security and well preservation purposes.

2. Drill one or more exploration wells on the eastern side of the basin, tnd assess
potential subsurface outflow as postulated in this evaluation. Evalu; te
encountered hydrogeology for potential eastern production well site.
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S
3 November 6, 197b

Project 380-002-781
Q

2

I<ii2>as,

ENGINEERS/PLANNERS

Mr. John Nash
RED ROCK RANCH, LTD.

103 Mill Street.
Reno, Nevada (89501)

Dear Mr. Nash -

Accompanying this letter is the final report summarizing the results of
our hydrogeologic study in Bedell Flat during the summer of 1978. A
discussion of each of the individual phases of the project and the per
tinent findings is included.

We believe that the two production water wells in Bedell Flat possess
sufficient capacity to meet much of the anticipated water need in the
Red Rock Ranch area. Recommendations for the use of both wells to

meet project demands are discussed in the report

Respectfully submitted,
;

S EA ENGINE! 'PLANN ERS , S'

iMl/ . y V"—
;

i '
Richard W. Arden - P. E. David M, Peterson

Hydrologist ,
I

President

I

RWA.DMP/ca
jtfC INOUSTfltAL WAV

A^jjpffiVAOA '
>2} 35B-6931. ' / . .
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GROUNDWATER INVESTIGATIONS

BEDELL' FLAT

WASHOE COUNTY. NEVADA

I. INTRODUCTION

This report presents the results of a groundwater study conducted In Bedel! Flat
. which lies approximately thirty (30) miles north of Reno in Washoe County, Nevada

The project was undertaken by S E A Engineers at the request of Red Rock Ranch, Ltd
a partnership. 	 '

Investigation efforts were centered around the development of a production water

well at either of two sites for which Water Right Permits 30274 and 3027), have been
issued by the Nevada State Engineer. Recently, Red Rock Ranch, Ltd. was given. an
additional year, until June 3, 1979, in which to prove completion of wor e' for both of
these permits. An existing Bedell Flat well, also owned by Red Rock Ranch, Ltd., was
included in this study by S E A Engineers. The water rights on this latter well were
filed for under Permit 26274, : L

/

«

* ¥

I
»

I

I ; > *

Current plans call for the simultaneous use of two production wells Sn Bedell Flat to
meet water system demands: in a proposed residential development in the fied Rock Ran ph area
which lies immediately north of Lemmon Valley. To accomplish this, it s/ill be necessary
to Connect the two wells to a pipeline that will extend about seven (7) m les to the south
of the well sites end will lift needed water a total vertical distance of approximately 500

\ 600 feet.

OBJECTIVESII 4' '

1 			

The primary objective of this project was to supervise and administer the construction of

a new,water well which would act as on accessory to the existing Bedeil "lat well. ; it was
hoped that the new well would possess the so me. If not: greater, capacity <is the existing
well .' The genera! intent was to provide a well that would act as a simu! "an ecus and/or
backup source ofwafer needed in the Red Rock Ranch area.

' f .' -f; ;
Secondary obiectives included the determination of ci

1

wel i and the capacity of the new wel I upon completion . Test.pumping procedures comprised
this phase of the project. Quality analyses of wafer samples col I[.e.ctea during pumping
were also included. Final steps In this investigation called for the determination of effects
of; pumping In the surrounding Bedel! Flat. region and recommendations for pump Installation
and pumping procedures when both wells are connected to a water system.

III. STUDY AREA

I

Bedel! Flat Js located approximately thirty (30) miles north of downtown Reno in Washoe

SE ROA ' 1280
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County, Nevada, Access to the region is primarily provided by Red Rock Rood which

passes through the west portion of Lemmon Valley before continuing north to Red Rock Ranch

and Red Rock Valley, A secondary road leaving Red Rock Road in the vicinity ot the ranch

is used to rech the valley floor,

Bedell Flat is actually an alluvial valley bordered on most sides by mountains. The

flat portion of the basfn generally lies within Sections 3 through 5, 9 through 16, and 22

through 28 of Township 23 North, Range 19 East. A map showing the general location

of Bedell Flat is presented in Figure 1,

To the south and southeast of Bedell Flat a few smalt hills and topographic saddles

separate the area from Antelope Valley, The west boundary of the basin is comprised of

Granite Peak while the southwest border is formed by Fred's Mountain and a small series

of foothills lying about one (1) mile west of Red Rock Road in Township 22 North, Range

18 East. Dogskin Mountain lies on the east and north margins of the basin, A drainage

Ioutlet for Bedell Flat Is provided to the adjacent Red Rock Valley through the northwest

corner of the alluvial valley

IThe total area that Collects surface runoff in the valley is called the Bedell Flat

hydrogrophic area. This hydrographlc basin contains an area of about fif y-three (53)

square miles. Of this total about ten (10) square miies; of relatively flat and are found in ,

the valley floor. Slopes in this region vary from 0,5% to about 10%. The remaining areas

are comprised of hilly and mountainous terrain with local slopes approaching twenty to

thirty percent (20-30%), The highest elevation within the basin is approximately 7460 feet

and is located at the top of Dogskin Mountain. The lowest point, ot elevation 4800 feet,

is situated at the valley outlet on the basin's northwest perimeter

IV. GEOLOGY

Bedell Flat Is typical of the numerous desert valleys which moke up most of Nevada.

As with most other basins in the Basin and Range province, Bedell Flat ccnsists of on -

alluvial fill valley floor surrounded by mountains comprised of hard rock. Weathering of

the mountain rocks continuously supplies new materials for transport to the valley fill . At

the outlet of small drainages emcriating from the mountain front, eroded note,rials are

r often depositee! to form numerous alluvlar fans. These fans coalesce in many areas to form :

long continual bans that line the base of each mountain for several miles

1

B
Rocks in the mountainous areas surrounding Bedell Fiat are compost d of grbnodlorite

and volcanic products primorily in the form of rhyolife. The granodiorite exhibits a minerol

' ' makeup of quartz, plagioclase feldspar> sodic feldspar; hornblende and Motife* These: : : • :

some minerals are found in many of the Pre-Lake Lahontan gravels and sends which forrr

; large portion of the alluvial fill deposits in the vail y floor. Thick,: extensive layers ofxlay

are also found-in the alluvial deposits. These clays are thought to be the chemical weather-

•, " ing; product of plagfociase feldspars originally found in the granodiorites above. ItJ^ ; ;
possible, however, that many of the, clays may be the result of weatherd rhybiite formations,

A geologic map that shows the general locations of rock types and other geologic features

:!

2
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PRODUCTION WATER WELL

TEST BOREHOLE
JOB NO, 380-002-781
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is presented in Figure 2.

Topograph/ in the Bedell Flat hydrographic region Indicates that a lake or playa

may have been located In the valley's southeast end at one time. The rcund shape and

relatively large width of this area in comparison with the remaining basin floor suggest

this possibility. Preliminary Investigations show a preponderance of clays in the southeast

comer of the valley, This latter observation olso supports the feasibility for the existence

of a lake or playa in the area, :

If a lake did at one time exist in the southeast end of the valley, it is probable that

constricted regions in the central and northeast parts of the basin acted cis drainage outlets

for the lake, Stream channels most likely meandered through these latter regions. During

the wetter periods of geological history; .these channels probably conveyed woter from
the lake continuously. However, within the drier post-glaciol periods, the flow from the

lake would have token place sporadically, occurring mostly during time? of flooding end

high snowmeit events. The sediments deposited ?n the streom channels during these lotter

periods would normally be coarse in size. During times of both continual and sporadic

flow, extensive sorting of stream gravels and other fluviol sediments in tie constricted .

sections of the valley would take pioce.

|

I

I
Depth to bedrock is estimated to be 900-1000 feet near the center of the southeast

section of the valley floor. It is probable that the vertical extent of thf alluvial fill thins
considerable to the northwest where bedrock is exposed on the marginsof the constricted

valley fill

Several geologic faults have been identified in the Bedell Flat hyd-ographic area.

Most of these foults traverse the mountainous areas that surround the vail sy and the alluvial

^ , fans, located at the mountain front (see Figure 2).

:V
•. y ...

HYDROLOGY * } ...

•

I
The following hydrological terms and associated definitions are used in the description

of groundwater resources of Bedell Flat: '

Recharge - flow to groundwater storage from infiltration of prndipftation ond;
.. ' surface water, v" ^ v '-y:£'r : : "V":"

J
v-. :-y.

' ,-v-

V

Evapo transpiration - water withdrawn from soil by evaporation and plant

t transpiration,

	 	 ..... 	 	 	 	 	 	 	 	

Perennial Yield - the maximum amount of groundwater of usable chemical

quality that can be withdrawn and consumed economical ly each year for an

indefinite period of time.

t

Transitional Sforoge the quantity of water in storage in a ground water

reservoir that can be extracted and beneficially used during the tronslfion

' X . y-! yy • '7v:r-;VV^' 'i "y&y-'t ;•
. .• • : . v.- . 4 ; • •: . A- • :*
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period between equilibrium conditions in a state of nature and new

equilibrium conditions under which water is extracted from the reservoir

at a rate equal to the perennial yield.

Natural Inflow - inflow to a ground water reservoir from recharge of

precipitation and surface water and from subsurface Inflow,

Natural Outflow - outflow from a groundwater reservoir through evapo-

transpiration and subsurface outflow.

Inflow to Bedell Flat currently currently occurs only through natural processes. The

major source of inflow is precipitation over the Bedell Flat hydrographlc basin. A possible

additional source of natural inflow Is subsurface Inflow from Antelope Vol ley which lies

to the south. The magnitude of the subsurface component Is estimated to be minimal.

Currently no water is imported into the basin. : , I
Much of the precipitation over the basin evaporates before flowing toward the valley ||||

floor. However, a certain percentage of the rain and snowfall does mows across the ground

surface as overland flow and ultimately ends up as channelized discharge in the several

small drainages that dissect the mountain slopes. As this surface runoff f ows toward and

across the valley floor, a portion infiltrates into the ground and ultimate y ends up as

recharge to the ground water reservoir. Most recharge occurs in the coarse-grained deposits

of the alluvia! fans and valley floor, while a minor amount results from the deep percolation

:

j

of water into joints and faults in the hard rock of the surrounding mountains

^ ' " Surface flow into the valley occurs sporadically. Most runoff is observed during

frontol storms in the winter, snowmelt periods in early spring and the thunderstorms of middle

and late summer. Because the small drainages within the valley only exhibit surface flow

during part of the year, they are classified as ephemeral

1

Outflow from the valley occurs through surface oytFlovv to: Red T?ot:l< Valley/. evapo-

transpiration and subsurface outflow. The latter two of these components comprise the

previously defined natural groundwater outflow; Most of the subsurface discharge flows to |

Red Rock Valley via the alluvium in the northwest comer of Bedel I Flat However, some

possibility does exist for the trasnport of water through fractures in consolidated rock westward

to Red Rock Valley or northwestward to Dry Valley. ' - 'o A"'-"-'

* A.AV- '' 'J ' -v ,c:;. >vb.
The most current publication that includes estimates of Bedell Fla • inflow and outflow

is Report 43 of the Water Resources Reconnaissance Series entitled J'Water Resources Apprai-

t sal of the Warm Springs - Lemmon Valley Area, Washoe County., Nevada". The study was

prepared by F. Eugene Rush and Patrick A. Glancy of the U. S. ,Geological Survey (USGS)

iqi November 1967. The report shows an estimated annual natural inflow of 1 , 1 0.0 acre , '

feet and a naturo I outflow of 250 acre feet In Bedell Flaf. All °f the ir flow is attributed

to recharge from precipitation and surface runoff. Of the natural outflow, apprqximatel)jt200^

acre feet is lost to subsurface outflow and about 30 to 50 acre feet leaves the basin through

evapotranspiration , It is apparent that there js an imbalance of 900 acre feet between the

I

6
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estimates for inflow and outflow components. The actual amount of balcnced flow under
equilibrium conditions probably lies somewhere between these two value;. In Report 43,
the inflow-outflow value is estimated to be 700 acre feet.

As defined earlier, perennial yield is the amount of water that can be economically
salvaged from a groundwater reservoir over the long term. In a basin wfere little or no

subsurface outflow occurs, perennial yield is usually estimated to equal the balanced inflow-
outflow value for that basin - I.e. the solvable yield Is approximately equal to the re
coverable natural outflow. In a basin such as Bedell Flat, however, in which substantial
subsurface outflow occurs, the amount of solvable discharge is difficult o determine, In
basins of this kind, an estimate must be made of the percent of subsurface outflow that can
be beneficially retained. In Report 43, about half of the total Bedell F at subsurface out
flow, or 300 acre feet, is shown to be solvable. The U5GS currently considers this value
to also be the perennial yield.

'v

In a recent feasibility study conducted by S E A Engineers for Red Rock Ranch, Ltd
an in-depth analysJs?was made of the groundwater yield in Bedell Flat. Research of a report
entitled "Geology and Water Resources of Red Rock Ranch" was include^. This study was con
ducted by George Maxey and others and was completed in August 1966. In the report, it is
stated that "there is no appreciable loss of water from the basin (Bedell Flat) by subsurface
interbasin flow". Based on this assessment and analyses of existing wells In the basin,
S EA Engineers felt that the solvable portion of the subsurface outflow ftom the valley could
be increased over that value given in Report 43. Consequently, a new estimate of perennial
yield of 450-acre feet was given. For this report, this higher figure wa: felt to be much
more reliable and is used herein as the perennial yield of Bedell Flat.

• t

I

I

if a groundwater basin is pumped at a rate equal to its perennial y eld, a transitional
period occurs in which the basin slowly passes From a natural state to a rew equilibrium con

dition, The amount of water pumped from the basin, during that period is called; transitional
storage. In Report 43, the estimated transitional storage for Bedell Flat is 10,000 acre feet.
If 450 acre feet is removed from Bedell Flat each year, the transitional storage will be com

pletely depleted and a new equilibrium level will be reached in 44 year;.

I
|

VI. EXISTING BEDELL FLAT WELL . . ? -

l| In May through July of 1972, a water well was drilled and developed in Bedell Flat for
Red Rock Ranch, Ltd. Drilling services were provided by Sage Brothers Drilling of Reno while
enaineerino consul tat ion and supervision of. the wel I; construction were'a Iministerpd by Ketth

was located in the NW1/4 of the N El/4 of Section S , Township 23 North,
Range 19 East. Application Permit Number 26274 was filed to appropriate groundwater :•./

... • from this site. ' ; , " - * . ' • 7 :: :

f Meador, The well
%

. "he formations en
countered during drilling consisted mostly ot tine-grained silly sands and sandy silts. The

presence of silts at shallow depths suggested that subsurface flow at this site was semi-confined.
T k O Irt In I uiaf f /4 anfll u (rtc 0 Pas 4* r.Krl L aJ.aa Ia ama ai i a4a.a4 a4 O A A f, Af A IA p ! AA I, j A

log was run on the borehole. Using this information and the driller's log, Mr. Meodor

A mu

I
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estimated that 550 vertical feet of water bearing and transmlssive sand wers available.

The existing well consisted of 950 feet of 16-inch casing, 616 feet cf which con

tained 1/8-inch X 3-inch milled slot perforations. The full length of the borehole was

gravel packed, A 30-inch conductor pipe was placed in the top 50-feet or the hole and

a surface cement seal was constructed. The driller's well Jog, which describes some of the

construction details, is included in Plate B-1, Appendix B, of this report.

Test pumping of the well and development was performed by the Wilson Pump Co. in

July of 1972, Mr. Meador reported that drilling mud, silt and clay continued to be dis

charged from the well during the initial 12 hours of pumping. After this initial period, fine .

particles of biotite mica were observed in the pump discharge. Apparently, at the end of

the test pumping period, the mica flakes were still in the well discharge samples.

Thedriller's log indicates that the well was pumped continuously at a rate of 700

gallons per minute (gpm) over a 20 hour period. Before pumping commenced the static .

water level was recorded at 49 feet below the ground surfdce. At the end of the 20 hour J|j|

test the pumping level was 340 Feet> which was approximately the same level as the pump

bowls. Using the test data, the well's specific capacity after 20 hours of: pumping was 2.41

gpm/ft.* ' * '•' - " V.

I

IThere is some evidence to indicate that the initial capacity of the veil exceeded .

the 700 gpm rote used throughout the finol pump test. From Keith Meadoi's reports, it

appears that during well development, which consisted of pump surging ard overpumping

the productivity of the well gradually decreased. Ultimately the highest achievable d Is—

charge rate was 700 gpm at the given level of. the pump bowls. Mr. Meador attributed

the reduced productivity to the interlocking of angular sand grains in the formations surround

Ing the gravel pack. There is, however, evidence to indicate that the reduced discharge

ay have been caused by the movement of fine-grained sands and silts into the voids within

the gravel pack. Engineering reports by Mr. Meador which discuss test pumping and other :

aspects of well construction are included in Appendix F. M

: V;v v;-\ : 1

Water quality samples were collected during test pumping of the existing well. Results

from chemical analyses performed by the State of Nevada Bureau of Laboratories and Re

search showed that this water passed alT standards established by the Unites States Public

Health Service (USPHS). ' . -

m

1
VII , SEQUENCE OF EVENTS AND WELL DESIGNATION

t
In' late June of 1978, test drilling was begun to determine a location for a second

groundwater source in Bedell Flat. Water Development Corporation of Woodland, California,

provided a mud rotary drill rig for this phase of the project, : ^ -

} Test drilling tpok place at two separate sites for which permit applications to approp

riate groundwater hqd previously been filed. The first test well site,under Permit 30274,

/'*' \ * J * r " ' > { s ' , ' ' f . • AA/ *
* For definitions of well testing, terms, refer to Page 11. ; : •_

, : , ; . . . ' = . . . g

i

V '
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was located in the south -centra I section of the valley floor. The second well location,
under Permit Number 30275, was situated in the constricted portion of the valley fl
closer to the northwest corner of Bedell Flat. The locations of both of these sites are
shown In Figure 1 .

The test borehole at the site of Permit 30274 was drilled to a total depth of 850 feet
at which point bedrock was apparently encountered. Although some clean sands and silty-

sands were encountered within the shallower formations, the predominant materials, parti
cularly below the 400-foot depth, consisted of, clays. An electric log (E- log), consisting
of spontaneous potential, 16-Inch normal and 64-inch normal resistivity curves, was run
on the borehole. An additional E-iog was also conducted in which single point resistivity
and gamma ray emission were recorded. Based on the E-logs and the drill cuttings from

the borehole, S EA Engineers felt that this site would not yield sufficient quantities of
water. Thus, the decision was made to continue test drilling at alternative locations

oor

Test drilling at the site of Permit 30275 revealed an abundance op sends, inferbedded
with occasional layers of clay and clayey sands. Drilling of the borehole was stopped at

a depth of 400 feet because the drill rig could not penetrate any further. It was not known

whether bedrock started at this level or if boulders at the 400-foot depth were blocking th
path of the drill bit. An E~ log (single point resistivity, gamma ray) was once again run,
which indicated the presence of about 160 vertical feet of water bearing sands. Because the
cutting samples collected during the drilling process indicated that these sands were relatively
plean, it was decided to drill a production water well at this site.

I
e.':

1

; V\ On July 20, 1978, the Water Development Corporation began drillirg of a pro

duction well on the site of Permit 30275 with a reverse rotary drill rig. The rig was
situated directly over the previously drilled test hole. A larger bit was usfd fair the pro
duction well. At about the 30-foot depth the bit encountered boulders on the perimeter of :

the borehole and drilling was brought to a virtual standstill. Attempts wen 5 made to penetrate

this hard rock barrier, but after three days of drilling, only an additional T 0-feet of depth
had been drilled. The decision was made to drill a production well at on c Iternative site a

short distance from this location in hopes that the boulders could be avoided. The Water
Development Corporation elected to use a larger drilling rig for the new si e.

; v "V-Y, - YY v'-'YyYy -;::;'YY Y'

I

I

o,

request of Red Rock Ranch, Ltd. , to determine any change in the capacit/ of the well si—since

it was initially constructed and pumped. Testing of the well was completed on August 4th.

::: v-:-' -Vv-v, . Y;, r. ..." •, Y- Y', t V.:':::Y^-:YY-;;iY>
• ! « 1 1 « ' ^ • I ' I • • . . ii ' i 4 ' fc'rt.i.' ^ ^ 1 rrt

feet to the northeast of the point of diversion for Permit 30275. No hard rock boulder pro
blems were encountered and the well construction was completed by August 18th. Develop
ment and test pumping of this new well took place several days later.

^ : ' \ . , .... .

.This investigation involved a variety of projects ranging from test drilling to production
well construction and testing. For the purposes of this report, the test boteholes and pro
duction wells have been labeled and will herein be referred to by the following designations:

' Y .. ' •. •

t
i

' %

:
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ABBREVIATION .LABELLOCATION

Bedell Flat Well No. 1Existing Well under Permit 26274

Test Hole No. 1Test Borehole under Permit 30274 T H-l

Test Borehole under Permit 30275 Test Hole No. 2 T *1-2

New Wei) 150-feet from Test
Borehole under Permit 30275 Bedell Flat Well No. 2 B=-2

Vlli. EXPLORATORY DRILLING

As previously discussed/clays were generally quite abundant in Tesi Hole No. T.

Although relatively coarse sands were Found in the first 200-feet of the borehole, the pre

dominance of clay below this point Indicated that the high water bearing aquifers at this,

site were limited. Between the 400-foot and 850-foot depths, subsurface formations con

sisted primarily of si I ty and sandy clays and the drilling rate was slow, A lithologic log- of

TH-1 , as prepared by SEA Engineers is presented in Plate B-2 of Append x B. *

!

The lithologic log for Test Hole No, 2 is presented in Plate B-3 of Appendix B. As

the log indicates, fine to coarse grained sands composed of granitic derivatives were the

most predominant materials at this location, These relatively clean sands were tnterbedded

with siity sand and clayey sand-sandy clay stringers

Using the E-log and cutting samples collected from TH-2, SEA Engineers recommended

that a production well be constructed on the site. Cutting samples were then analyzed in the

laboratory for determination of proper we 1 1 screen and gravel pack sizing, The resultant soil

classifications for the sands sampled at selected depths are presented in Appendix G.

IX. CONSTRUCTION OF BEDELL FLAT WELL NO. 2

As previously discussed, Water Development Corporation wos unabl 5 to drill through a
as* THwO etffl TUa kniilrlorc u/oria +k/*\tir<kf try k« nzcrsr- \aj I fk ; n inrtrus*

channel lhat once dissected an al luvlal fan emanating from one of the ad facenf mountain

ranges. In the interest of avoiding further drilling problems, the site for :he production well

was moved 150-feet to the northeast of TH-1 . This latter location then b scame known as

Bedell Flat Well No. 2 or BF-2. ^ ^
YY.- ; Y:\;; ' Y;vY/Y'-\ •; • ' : Y- >••• > .'; Y Y. vY;':\VM"''A. Y--. .

An 18- inch diameter hole was drilled at BF-2 to a depth of 400-feet. The formation

' samples collected; during the drill ing process showed that the materials en countered were; very,

similar to those found at TH-2. However, clayey sands and sandy clays were observed to be

more abundant at the production well site. The soils at this site showed that the aquifers

contributing to the well were primarily of a confined to serni-confined nature. An E- tog

was not run on the well in the interest of minimizing costs and because the formations eri-

countered correlated fairly well with those observed at TH-1 , A lithologic log for BF-l ,

as prepared by SEA Engineers, is presented in Plate B-4 of Appendix B. The driller's report •

: Y • V; <y -aY. : 1° . Y' Y.- Y

I
. . 1 '

t
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on the same well is presented in Plate B-5.

Using the log from BF-2 and the sand sample analyses developed fot Test Hole
No. 2/ S E A Engineers recommended a screen opening sire of .050 inches (50 slot) for
the perforated sections of the well casing. The gravel was also.sized to coordinate with
the recommended screen size and the dominant aquifer materials.

The final well construction consisted of 400 feet of 12-inch diamehir steel casing,
160-feet of which consisted of Johnson Irrigator Screen, A Monterrey sand gravel pack
was placed in the annulus between the well casing and the borehole,walk between the 400
end 50- foot depths. Two PVC gravel chutes, each 2-inches in diameter and 60-feet long
were installed in the upper 60-feet of annulus and seated in 10-feet of gravel pack, A
50-foot cement sanitary seal was then constructed using grouting techniqt.es. The levels of
the well screens are indicated in the driller's well, lag In Plate B-5, A graphical des-
criptlon of the gravel pack gradation is shown in Plate C-6 of Appendix C,

X. WELL DEVELOPMENT AND TEST PUMPING

I
In the following text concerning the test pumping of the two Bedell Flat production

wells, the following definitions apply:

1
Static Water Level - the depth from the ground surface to the water level
tn a well when it is not influenced by pumping, .

the level at which water stands in a well whien pumpingPumping Level
is in progress.

water, level

i during pumping,.

Residua I Drawdown A the drawdown in
ii i Hi ii|i I, Mi inn 1 1 ii hi 			1 1 .1 _ ii p. |i l 1 1 I, . . , ; : ',

pumping has been stopped.
i well as the water recc vers aftera

|
Specific Capacity - the instantaneous rate of yield of a well per unit af
drawdown, in gallons per minute per foot (gpm/ft).4 .

I
Tronsmiss ivi ty,T - the rate at which water will flow through a vertical strip
f aquifer one foot wide and extending through the full saturated thickness of

the aquifer, under a hydraulic gradient of 1.00. T is measured in gallons per
' day per foot (gpd/ft); " ' '' - .. ' -v-;..',.-. \ -"-v;

/ r var /, v .. . ... .. . ... i

Storage Coefficient, S - the volume of water released from sto*age in an
aquifer, per unit of surface area of the aquifer per unit change in hydraulic

head;; S is dimensionless. ^ \ - 'V T. . '
• . ' • ' • . ' . ' • ' . . . . • .

.. • '• '• ••• "••• • ' • '

Production Pump Test - a test of the yield of a well in which d-awdown is

recorded at several different pump rates.

a

Recovery Data Test - a test in which residual drawdown is reccrded after

I : pumping! has stopped .

SE ROA 12901:1
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Bede! f Fiat Well No, 1

Prior to the test pumping of BF-1, some well development procedures were opplied

to the well. The development phase lasted for approximately four (4) boun and consisted of

surging and overpumping, During this period, Fine-grained sands and biotite mica were

brought to the surface until the discharge was relatively clear,

On August 1st, a short production test was conducted on BF-1 , Flaw was measured

with an 8-inch discharge pipe combined with a 4-inch and 5-7/8 inch orif ce. Before

pumping was started static water level was recorded at 53,2 feet below ground surface, The

results of the production test are given in Table T.

ITABLE 1

Production Pump Test Data - Bedell Flat Well No. 1

Discharge DrawdownTime Since

Start of Pumping

(Feet)-(gpm) (Hours)

70.4

124.3

1 $9.6

295.1

180 1
2.1285
3.4440

690 5,7

On the day following the production test a 36-hour constant discharge pump test

was begun. The discharge rate was 385 gpm. Because the water, in the cc sing had not

quite recovered to Its natural level, the static water level was recorded af 53.9 feet below

ground surface.' No existing wells In Bedell Flat were located close enough to the pumping

site for observation well data to be taken, ; : ' . ' \ >

A semilogarithmic graph of drawdown vs. time for the pumping well is presented in

Plate D-l, Appendix D. Applying the modified Theis non-equflibrium formula (i.e.

Jacob's straight line solution) to this data, a transmissivity, T, of 3,000 gpd/ft was

puted for BF-1 . The graphical plot of drawdown vs. time after the initial eight (8)

hours of pumping indicated that an impervious boundary may have been influencing the well

yield. Biotite mica was still found in the discharge at the end of the test/
' • ' • • - • • ' ' - ' '

Well recovery data was collected over a 19 hour period after pump? ig stopped. The ''v7-w

water level had recovered to within nine (9) feet of static water level in this time span,

suggesting that recovery rates were moderately slow. A graph of residual drawdown vs. time

* presented in Plate, D-2, From this recovery data, transmissivity is computed to be 2,800

gpd/ft. This value is very close to the T derived from pumping drawdown information.

From pumping and recovery data, an average h-ansmissivity, T, of 2 ,000 gpd/ft. can

j:

#

I

I com

f
I
t ,,

IS
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be assumed for BF-1. It Is debatable, however, that this average value truly represents
the aquifers contributing to the well. Based on Mr, Meador's reports in 1972, It Is
likely that the efficiency of the well and gravel pack was reduced during earlier pump
tests, If this was the case, the T computed from this pump test is representative of the
materials lying close to the well casing and not indicative of actual aquifer trans-
mlsslvities.

Bedell Flat Well No, 2

Well development began on the newly constructed well (BF-2) on August 23rd. The
well was surged and overpumped over a time span of three days. At the ertd of this period
well discharge was free of sand except during the first few minutes after surging. The sand
brought to the surface was very fine-groined. . ,

I

I A production pump test was administered on BF-2 on August 26ti. Before pumping,

the water level was recorded at 87,6 feet below ground surface. This level was considerably
below the actual static water level which was logged at about the 63 foot depth prior to well
development,. Apparently , the recovery of groundwater levels at this site was very slow. In

an attempt to avoid further delays the static water level was assumed to bs at the .87.6 foot
depth and all drawdowns were determined relative to this level. The prodjction test data

are given in Table 2.

I

i i

: TABLE 2

Production Pump Test Data - Bedell Flat Well No. 2
*	j 	* 		 — >— 		I		i ||I|||| III |l| l|i,ljl|l , 		I II, i I I III 				—M— ——M————M

Discharge ' ' DrawdownTime Since

Start of...Pumping
Ml— I I 	Hill II .1. il I,	Mil ——M— . :

t (gpm) - (Hours) (Fset);

t
200 ' 1.2 '

3.6300 76.2
mi n

5.8.

t A 36 hour pump test was started' on BFr2 on the day following the production test.

As with the previous day, the water level hod not fully recovered in the veil. When the
test began, the water leveL was located 83.4 feet below ground surface , T lis was assumed to
be static water level for all drawdown determinations in the 36 hour test. The constant flow

rate was 300 gpm, ' '' ; :

After 24 hours of pumping,, discharge from BF-2 was free of nearly all sand and biotite

mica, indicating that the Monterrey sand pack was successfully screening out fine-grained
materials. At the end pf the 36 hour test, the pumping level was 198 feet below ground sur-

;• face, . • •••• •' > . •• • ... •- • • • :

r
S .
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The semifogarithmfc, graph of drawdown Information during the 36-hc urs of pumping

on BF-2 Is given in Plate D-3. From this data the well's transmissivity wa; found to be

4200 gpd/ft. As with BF-1, impervious boundary effects appeared to influence the draw

down curve after eight (8) hours of pumping.

Recovery in BF-2 was very slow. The best possible explanation for "his phenomenon

was the relatively small transmissivity of the aquifers contributing to the well. The presence

of clay in many of the sandy formations tapped by this well help to suppor" this reasoning.

Little or no evidence could be found for the possibility of reduced efficiency of the well

casing and the surrounding gravel pack due to overpumping, etc. Reorientation of aquifer

sand grains and influx of fine-grained materials into the matrix of the gravel pack probably

did not occur because of the following factors:

1. No change in the specific capacity of the well was observed between the

development stage and the test pumping phase of the project.
I

2. The gravef pack was.destgned to shield out most aquifer soils.
' ' . ».-> . . • ' . ' • '

:v-

3. At the flow rates used for test pumping, the velocity of Incoming water ;

to the welT should not have been sufficient enough to cause reorientation

of aquifer formation sand grains

/•••• , - 'i-

The water level recovery graph Ts -given in Plate D-4. Analysts of the recovery curve

shows an aquifer transmissivity of 3800 gpd/ft for BF-2. ... .

From the pumping drawdown graph and the recovery curve, a mean transmissivity, T,

of 4000 gpd/ft can be assumed for BF-2, This value is quite low compare^ to the magnitudes

of T normally found in wells used for community water supplies. The abundance of clays

found in the sandy formations at this site offers the best explanation for the low transmissivity.

The following general conclusions can be reached from a brief analysis and; comparisqn JS|

of test pumping results on BF-1 and BF-2:

t

The specific capacity of BF-2 js 1 .3 to 2 times larger than the specific

capacity of BF— T for similar pump rates and pumping dura ions. L 	

V'-;'" /• // //•'

2. The average transmissivity of the aquifer formations tapped by BF-2 is

— 4,000 gpd/ft. : ' ' :

3L The average transmissivity observed in BF-1 is 3,000 gpd/ft. This T may

actually reflect the transmissive qualities of the gravel pack and the soil

materials within five (5) feet of the well casing. Aquifer transmissivities

; for BF-1 may actually be larger than 3,000 gpd/ft. /
M''-; - ^ r;;." A • ; v.

4. The T values for BF-1 and BF-2 are quite low for wells used for community

water supplies. ' '

1,

I
V \ X « -

i
r. .
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5. Recovery of woter levels In BF— 1 Is moderately slow. Recovery in
BF-2 is very slow.

6, At the end of test pumping discharge from BF- 1 contained blotite mica
flakes while BF-2 was essentially free of mica particles.

r XI PROPOSED WELL USE

Under ultimate development, the two Bedell Fiat wells will be connected to a pipe
line which will convey water to a storage tank In the Red Rock Ranch area. From the valley
floor of Bedel! Flat, the anticipated vertical lift of the water system will be 500 to 600 feet.
Because it is possible that pumping levels in the wells may approach 300 feet, the total

. vertical lift may be as much as 900 feet., .

As previously discussed, the perennial yield of Bedell Flat is 450 acre feet. Under .
Jftk the assumption that this amount of water were pumped from the basin each year by Red Rock .
^ Ranch, Ltd,, an average of 1.23 acre feet would be taken from the ground water system

each day. If the wells were pumped 24 hours of each day to meet this demand, the pump
rate would be 278 gpm. Under practical operating conditions, however, it is probable
that pumping would occur only during. part of each day. During non-pumping hours, the
groundwater system would be allowed to recover, If, for instance, pumping occured 1 6 hours
of each day, the average discharge rate would be 417 gpm. .

I

I
f/'i

Of the two Bedell Flat wells, BF-2 would be the most dependable wcte/bupply for
Red Rock Ranch,. Despite the lower transmissivity and specific. capacity of fyrfZ:,. the greater
depth of this well (950 feet) makes It more adaptable for meeting anticipated pumping demands.

With proper selection of pump bowl -levels, dally discharge rates of 400 gpm could Be met;

continually. In contrast, the relatively shallow, depth (400 feet) and slow "ecovery of BF-2-
may limit this well's ability tg^trseet 400 gpm pump rates each day of the y<ar. For this reason

BF-2 would best serve. as. a, backup water supply when BF-1 Is out of service or unable to
meet project demands; . ; -

I An alternative well puitiping system would be to use both well simultaneously. Und^r
this operating condition, project demands could be met easily with each well be;ng: pumped
at about 200 gpm during partof each day, The use of such a system would depend on further
study of pertinent factors such os pumping and well maintenance costs.t
XII. EFFECT ON REGIONAL WATER LEVELS

Using a mean transmissivity of 4,000 gpd/ft, an assumed storage coe 'frcient of 0.005
..." and o pump rate of 400, gpm;, the drawdown effects at selected distances frcnva pumping:well

In Bedell Flat were computed. Durations of 0,67, T, 2 and 5 days were leaked at. The

Theis non-equilibrium formula was applied for drawdown calculations. The results of this
analysis are shown in Table 3. :

r

The tv/o wells in Bedell Flat are estimated to lie about 3800 feet Tron each other,
the other existing wells in Bedell Flat, none is known to lie within one mile of either BF-1 or

, ; , :

Of
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BF-2. Based on this Information and the data presented in Table 3, the punping of either

of the two wells is not expected to seriously affect water levels at any of the neighboring

well sites.

TABLE 3

Drawdown vs. Distance for Selected Pumping Durations

And a Discharge of 400 GPM

Drawdown

Influence
Discharge Pumping

Rate

Distance

From Well
(feet)

Duration
(feet)(days)(9p™)

I
0 1400 1,000

3,800 ,

1,000 .

3,800

1,000

3,800

:: 1,000

3,800

0.67 .

0.67 0400
0,41

0

- 1.82

2.

5 6L 8

<0.15

XIII. WATER QUALITY

Water quality samples were collected. during the test pumping of both wells. The

temperature of the water in each well was about 61 °F and water chemistries showed that

quality was good. Copies of the mineral analyses for each well are presented in Appendix
" . ' £ ' ' ' ' ' ' • Vfe'v • •" - \ V ; V

. ' - " C 		 • .. . , , r . . •	 .

• "V. • : XIV. RECOMMENDATIONS . ' V.- v

V'

Based on the constructlo , 	

. :,recornmerids that Well No, .1. be used as the primary water source for the Red Rock Ranch area.

Under this operation, Bedell Flat Well No. 2 would' be used as a backup cr alternative '

supply •' VT'-;--- :• "77:: v:\. T;
supply. .. , .. . . .. ;;;v ; .... . : - ;vv. ... V';--. v.;

Pump bowls and intakes should be installed ct depths sufficient to meet a constant

f pumping demand of 400 gpm. over a 16 hour period. A pump: intake depth of 400 feet is V'.
> • suggested for BF-1 . This action would compensate for possible reductions in well efficiency

that may occur over the long term. The recommended pump intake depth for BF-2 is 350 feet. 7;.i

. : -v #' . Because pumping levels y/Ml undoubtedly draw below perforated qncj screened casing
' levels, a?r entrainment from cascading water may result. : Although test p.imping showed that

« air entrainment is a remote possibility in Bedel! Flat, such a problem may be observed after

several years of pump operation . To avoid any difficulties of this type, t ie installation of

16
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I
occurrence of Pre-Lake Lahontan deposits (Quaternary and Tertiary, less than 5.3 mya)

and recent Quaternary alluvium (1.8 mya to present). The older alluvium is present at

land surface in the southern part of the basin and along the lower flanks of Dogskin

Mountain, while the younger alluvium occupies the lower altitude part of the valley floor
(Bonham, 1969). . '

Using gravimetric and seismic-refraction geophysical methods, -Berger arid ethers (2001)

defined an elongated north-south structural depression in the granitic bedrock beneath the

center of the basin (Figure 3), The thickness of alluvium in the depression is estimated at

2,500 feet. Depths to bedrock encountered by wells near the southern edge c f the basin
are in good agreement with the depths to bedrock interpreted using the geophysical

methods, however, the depth to bedrock predicted in the northwestern most part of the

basin is shallower than actually reported for well BF-2 (Arden and Peterson, 1978). Well

I

I _ _ on ofBF-2
and TH-2 is predicted by Berger and others (2001) as less than 250 feet (FigureS). Well
BF-1, which encountered bedrock at 944 feet in depth, was used as a control point for the

• ^ — l_ - _h! * t d - ^ ~	I	 — jL '1 J — ml AM . . . r _ ' . . j| ' I . ' . : ' 1 t V\.T^ ^ ^ ^^ j^^ * . .

with Berger
I

uuicjiuiv uri «ivuiui«,iyu oju iv%v ui uiiuyjuuij.yriuuii tp ui jswuu ajjisa;

and others (2001) predicted depth: to bedrock between 750 to 1,000 feet.

Northwest trending faults are present along the base of Dogskin Mountain and across the

northwest part of the valley floor (Figure 5). These faults are part of the- Wa ker Lane
Shear Zone system. Well BF-2 is located veiy close to three fault traces mapped by

I

I influencing well yield, which most probably whs the result ofthese faults being partial
barriers to. ground water flow to the wells. .- .. -'ft'

I In the northern end of Dogskin Mountain, uranium mineral deposits were discovered in
the 1 950s at the base of the Hartford Hill Rhyolite in a: unit of cmboriaceous o lignitie

Canyon ' ' " '
t .. .-.U - 4. *I ; prospect by. Bonham (1 969). While the prospects are located high up on the pq^skin : ' "

; mountain .htOoif nhtnl«'fn »:npArl:triW

j

I
Precipitation

Precipitation in the form of rain and snow tailing on the basin is the source of ail knownI
precipitation occurs in the winter months, with greater amounts expected to fall on the

higher altitude- mountain, blocks surrounding the valley floor. Bedell Flat is semi-arid in

climate being subject to the rain shadow effect east ofthe Sierra Nevada Mountains.

Most of the precipitation is consumed by evaporation and plant transpiration processes.

However, a portion results in surface water rujtioff to the valley floor, and in j are

I
MUM WMMMuBMMoiBH
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occasions produces surface water flows which drain out of the valley into Red Rock

Valley. Another small portion of the precipitation results in infiltration throi gh soils,

past the root zone ofplants, and down to the ground water aquifer(s). Studies throughout

the Great Basin show that the precipitation that recharges ground water systems is

typically 3 to 7 percent of the total precipitation falling on the basin (Rush ar d Glancy,

1967).

George Hardman,' and others, produced a state-wide precipitation map for Nevada in

1936, which was subsequently reproduced by Hardman in 1965, The precipitation map

defined regions receiving ranges ofprecipitation, as shown in Figure 6 for Bedell Flat.

Most of the valley . is estimated by Hardman (1965) to receive 8 to 12 inches rf average

annual precipitation, Using the Hardman (1965) map, Rush and Glancy (19( 7) estimated

the average annual precipitation falling on the basin to be 28,000 acre-feet,

In 1994, Daly, and others, published a method of mapping regional average £ nnual

precipitation in mountainous regions, which is referred to as the PRISM map. This
I

I
V

meteorological variables. The PRISM map (1967 to 1997 dataset) was publi shed by the

Natural Resource Conservation Service ( 1 998) for the state ofNevada define d by 2-inch
precipitation contours. The portion of the 1 997 dataset PRISM map for the Bedell Flat is :

shown as Figure 6, and predicts higher quantities of precipitation for Bedell Flat versus

the Hardman (1 965) map. Average annual precipitation ranges from 14 to 1 i i inches over

much ofBedell Flat, with total average annual precipitation over the basin of
approximately 46,000 acre-feet, based on the PRISM map.

1

Washoe County Department of Water Resources installed 8 precipitation stations in

Bedell Flat in the fall of 1999. The approximate locations of these stations are shown on

Figure 6 and their characteristics are listed in Table 3. Although data collection is still

on-going, the apparent average annual precipitation quantities, normalized to percent

i

!

I average precipitation from the Reno station (65 years of record at the airport) are

presented as follows. . ,.;y ;

I Table 3
Precipitation ,| Pfedplfatton (Precipitation

measured

from 3/18/01
10 372/02
(inches)

Approi.

' Ground
Elevabun

{ft above

Precipitation | 1'rcdpitatton

Quantity
divided by

percent

: average at

Reno Station

' Estimated
Average ::

'. Annual . '
Predpitatioh

(incites)

•' WCntVR
. Station

I
measured

from '

Quantity
divided by

percent

average at

Hcoo Station

MM*/.}
11.0

fl.lt

Quantity -

divided by

average at
Reno statioa

(88^4%)

measured
froht 9/30/0!

to 10/00/02 ,
(toches) '

No.
lamwto

12/14/00
: (inches)

nisi)

I amm.
6070 rnBF-l 10.20 "672- 8.52

8.76

8.16
9.48 •

IfL
99

9 2 : IPS
Hi5377 "•16

. 10.085016 13.2 642 10.0

I : 12,613,0 y 8;64 . . , 14.2 ;.

973 , 1S.9
6.72 11,0
7.56, 12.4

~~6W | TO~

. BF-4 . 5770' .

jm.
MIL

1M.
mmBF-5 ..JIM 14.5

624 9.6IkBF-6 10.8,
MM 1 M-S
9.24 I 10.4

Z1»•«> 		 ¥»*;
	 	 10.2 : 13,4 ,

' , Note; Average of all 8 stations over the 3-year period is 11.94 inches

BF:?. 5853

ml m. S4S°

I . J

ili hi at	— •HI
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SE ROA 1249

All three years ofWCDWR precipitation data collection in Bedell Flat have lj>een during
below average precipitation conditions in southern Washoe County, as recorded at the
Reno-Tahoe International Airport, Additional years of record will be required to more
accurately arrive at average annual precipitation quantities; however, it is apparent from
the precipitation data collected to date that the PRISM map (1997 dataset) is ikely over
estimating precipitation quantities, while the Hardman (1965) maps appears to be slightly
underestimating precipitation quantities, Based on the available data, the average annual
precipitation falling on the Bedell Flat basin is calculated to be approximate!) 32,000
af/yr (average precipitation of 1 1,9 inches over the 51 square mile area).

Ground Water Recharge

!

!

Maxev-Eakin Technique . . • • v ..

Maxey, and others (1966), estimated the annual ground water recharge to Bee ;ell Flat to
be 99O atfyr, using a technique that Maxey helped develop in the late 1940s aid early

1950s (Maxey and Eakin, 1949, and Halcin, and others, 1951). The well known Maxey-
Eakin method was used by Rush and Glancy (1967) resulting in an estimate cf 1,100

c 1_ ' - -a - TV J' ii rij 1 rr»i \ k- p i - » / ,1 . j • - i . • 2- * .

I

I
zones defined by Hardman (1965), which are assumed by Rush and Glancy (1 967) to
correlate directly with altitude zones. The altitude zone 5,000 to 6,000 feet is estimated
by Maxey, and others, (1966) to be 26,029 acres, while Rush and Glancy estimated the

area for the same altitude zone to be 26,000 acres. The area above 6,000 feet altitude is
estimated by Rush and Glancy to be 5,460 acres, while Maxey, and others, (! )6"6) listed
only 1,472 acres. It appears from George Maxey' s computation table (Maxe>, and

others, 1966, p. 18) that the area between 6,000 to 6,600 feet is omitted, as the altitude
zonesjump from "5000 to 6000" feet to "Above 6,600" feet. Maxey had noted earlier, in
this work that the Hardman (1965) precipitation zone of 12 to 15 inches local y

corresponds to altitude zones over 6,600 feet. Thus, the calculation made by vlaxey, and ; ,
others, (1966) appears to have omitted the precipitation (and subsequently the recharge) ; ;
a. . 1 1' • " * 1 1 > hhrt j. r rrtA • A * ' •« ,« » 1 " ' - .< v +. *• -, . " ..* km -i<;.

1 j

•• •. •

\
• <*

i

!

I

I between the two Maxey-Eakin calculations.

Chlori de-Balance Technioue

I
has been employed. The technique, as explained by Dettinger (1989) uses the chloride

I an

estimate of ground water recharge to the basin. There are several principal or tefia which

I
1, The chloride ion behaves as a conservative tracer with no sources or sinks of

chloride in the system,
2. Surface water runoffout of the basin does not Constitute a major lc ss of '

chloride in the system, 	
I

•VV

r .• j/^/^Page 13
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3. Subsurface or surface water inflow to the basin is not present, or i s
insignificant, or can be an accounted for as a chloride addition,

4. Chloride concentration data are available for the basin up-gradient of any
influence of salt concentration by evapotranspiration, agricultural return flow,
wastewater return flow, and beyond the solute dispersion effects < >f these .
sources of chloride.

Bedell Flat appears to be Ideally suited for this method. There are no major areas of
evapotranspiration on the valley floor, and no known major sources of chloride such as
pre-historic lacustrian deposits (Lake Lahontan) nor any significant presence of septic
system leach fields or agricultural return flow. There is no significant surface or
subsurface water inflow to the basin, and relatively minor surface water flow outof the
basin, And finally, a relatively significant number of chloride measurements have been
made from ground water and springs broadly distributed over the basin (see Figure 7).

I
While the chloride concentration ofprecipitation in Bedell Flat has not been measured,
Berger, and others ( 1 997), determined the average chloride content of24 samples
collected at five precipitation stations in Spanish Springs Valley, 10 miles to the
southeast, to be 0.38 milligrams per liter (mg/L). This value of chloride content in
precipitation is comparable to observations of Dettinger (1989) elsewhere in Nevada, in
which an average chloride concentration of0.4 mg/L was derived from precipitation data
from 74 sites. Average chloride content of 7 ground water samples and 3 springs within
Bedell Flat is 8.04 mg/L (samples collected by various individuals over a 25-year time

span, all analyses performed by the Nevada State Health Laboratory). Feth (jl 981) noted
that where ground water contains less lhan 10 ing'L chloride content, no significant

I

i

ground water chloride content, further supporting acceptable application of the chloride-
balance technique in Bedell Flat. The proportion of chloride in ground "Water to chloride
in precipitation indicates 4.7 percent of the precipitation recharges the basin. Multiplying '
this factor times the average annual precipitation falling on the basin of 32,0( 0 acre-feet,
results in a recharge estimate of 1,510 afi'yr. . A. A"

I

I PRISM Method

I
northern and central Nevada. Application ofthe recharge coefficients outside the specific
basins evaluated by Nichols and Berger is uncertain and problematic. It has l{)een
observed in southern Washoe County that the application of the Nichols coefficients
produces several times greater recharge than the traditional Maxey-Eakin melhod (6, 1
times greater in an eastern portion ofLemmon Valley (Smith and Smith, 200) ) and 4.6
times greater in Dry Valley (Smith and Katzcr, 2000). Most of Bedell Flat is within the
14 to 16 inch precipitation zone defined by PRISM, and applying the recharg ; factors v .
developed by Nichols and Berger results in an estimated recharge ofapproximately 6,000 '
afryr; a factor of 5.5 times greater than the Maxey-Eakin method. This is in part due to

nrp/tiftpi-1 PaHoU Plat lioitirr +tiA PBISV ,/Aroii« man i.'

I

I

I
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1

However, it is currently felt that direct application of the coefficients developed by
Nichols and Berger to basins in southern Washoe County tends to over estimate the
quantity of recharge.

Summary of Estimated Ground Water Recharge

In summary, the average annual recharge to Bedell Flat is estimated to be ir the range of
I,i00af7yrto 1,510 of/yr, based on the Maxey-Eakin and chloride-balance techniques, ,
The fact that these two methods produce estimates of a similar magnitude lends some
confidence in the numbers, even though both methods have commonality inj the
precipitation estimate. The best available estimate of annual recharge to Bedell Fiat is
1 ,300 afyr; the average of the two methods.

Depths to Ground Water and Movement

Ground water in Bedell Flat ranges from 180 feet in depth in the central par, of the basin
to near ground surface at the northwest edge of the basin (Table 2), Available water level
measurement points define a northern flow gradient in the south half of the basin, with
water level elevations from 5,600 to 5,000 feet above msl. A northwestern flow gradient
exists in the northwestern arm ofthe basin as defined by wells BF-1 and BF -2 with water
level elevations of approximately 4,900 feet above msl (see Figure 8). Water level
elevations near the Campbell Ranch located just down-gradient of the northwestern edge ;
of the basin are approximately 4,800 feet above msl, indicating subsurface outflow from
Bedell Flat to Red Rock Valley.

«
I

I

I

i No wells are known to exist in the northeastern part of the basin, and directions offlow
along the eastern parts of the basin are uncertain. It is possible that an eastward gradient
exists, resulting in ground water discharge to Warm Springs Valley and/or / ntelope

*
(Katzer, 1 997), which is over 600 feet lower in elevation than water levels in the center of
Bedell Flat. A low altitude and moderately defined topographic divide exists between ;
these two hydrographic basins. Likewise, water levels in the northern part ofAntelope
Valley, as determined from domestic well logs in Section 1 1, T22N, R19E, lange from
elevations of 4,700 to 5,000 feet above msl. Some subsurface flow through he hills
dividing Antelope Valley from Bedell Flat is also possible.

I
:

I

I Ground Water Discharge

Evanotranspiration and Springs

I
amount (30 af/yr) is estimate by Rush and Glancy (1967) to discharge via
evapotranspiration in the; northwestern most part of the basin, where die depth to ground
water becomes shallow. Springs also discharge a small quantity of ground water. :

I

I
T.W-,

• . ?
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Whitney Spring, 1.0 gpm from Juniper Spring, 0,15 gpra from Bird Spring, and 17.5 gpm

from the down-gradient Campbell Ranch Spring (outside basin boundary). A 1 total,

spring discharge in Bedell Flat probably does not exceed 25 af/yr. The Camp >ell Ranch
spring (Figure 4) accounts for another 30 af/yr, assuming all discharge is derived from

the Bedell Flat basin.

Domestic and Livestock Wej]§

Pumping for domestic uses occurs in the southern part of the basin at develop ;d parcels
along Red Rock Road. Approximately 50 well logs are in the NDWR databas e for

southern part of Bedell Flat, with approximately 33 well logs being confirmee based on
physical addresses on the driller's logs. Landscaping is observed to be minimal for most

. residences in the vicinity, and house sizes are moderate. We suspect that average
residential domestic well pumping does not exceed 1 at/yr per residence, and more

realistically is probably in the range of 0.5 to 0.75 af/yr. Because wastewater from the

residences is returned to the ground via individual septic systems, about half the water
pumped front the domestic wells is actually consumed. Based on these numbers, it is

estimated residential water consumption in Bedell Flat is currently in the range of 15 to
20 af/yr and probably does not exceed 30 af/yr. With approximately 140 private parcels

located within Bedell Flat in the vicinity of Red Rock Road, the future ground water

consumption by domestic uses is predicted to increase to perhaps 70 af/yr, and certainly

not greater than 100 af/yr. .

Pumping for livestock watering also occurs at the BLM well in the center of t ie basin.

The well does not appear to be used extensively at present; however, water rights are for
a duty not to exceed 22.4 af/yr.

Subsurface Outflow to Red Rock Valley

I

I

L - !

r

1 Subsurface outflow to Red Rock Valley in the northwest corner bfthe basin can be

estimated using Darcy's Law, based on data from wells BF- 1 and BF-2, andi geologic
interpretations of Berger and others (2001). The basic form of Darcy's Law used to

' calculate outflow is Q=K1A, where the flow (Q) is equal to the hydraulic conductivity
(K) times die gradient (I) and the cross-sectional saturated area (A). : -J ' \

' . v . . • ' • • ; * . 	
; . .. • \ "i " ; "4 : !" : v

The gradient (I) was estimated between wells BF- 1 and BF-j2 to be 0.005 percent, v; :-
Ground surface elevations and latitude- longitude coordinates were surveyed ty Tri State
Surveying, .and a water -level measurement- was made in well BF- 1 . : However well BF-2
is current]y plugged1by debris, so the stati c water level reported in the well co mpletion
report (Arden and Peterson, 1978) was used to calculate the gradient between the wells,

\ ' ' ' \ ' ' .

I

was encountered at 944 feet at BF-1 and was questionably encountered at 402 feet in BF-i
2 (Appendix A) . The cross-sectional saturated-area at the midway point beriv een these :

_ pnWIMIi

- Page 16 : ' .
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wells was estimated at approximately 2 million square feet, based on a bedrock profile
constructed using Bcrger, and others (2001),

The hydraulic conductivity (K) was determined using the transmissivity (T) data from
wells BF-1 and BF-2, applying the relationship T-Kb, where b is the saturated thickness.

Aquifer tests (pumping tests) were conducted at both wells BF-1 and BF-2 ii 1978
(Arden and Peterson, 1978), The coefficient of transmissivity was determined using the

Cooper-Jacob straight-line method on both pumping and recovery water level data,
resulting in estimates of 3,000 gpd/ft at BF- 1 and 4,000 gpd/ft at BF-2 (App itidlx A),
Potential reduced well efficiency due to well and gravel pack plugging was expressed by
Arden and Peterson (1978), based on reports of loss in well efficiency durin $ initial

development and pumping in 1972. The transmissivity for well BF-1 may be artificially
low as compared to the aquifer,

Arriving at hydraulic aquifer characteristics from pumping tests is not an exact science.
The equations used axe theoretically derived and include simplifying assumptions. In
calculating the transmissivity, the theoretical equations assume that a well filly
penetrates the aquifer. While both these wells BF-1 and BF-2 are believed be

constructed down to bedrock, but the full thickness of the aquifer is not sere ;ned. The
hydraulic flow paths take a more circuitous (distorted) pathway into the wel , resulting in
additional drawdown over what is predicted using a radial flow equation (Cooper-Jacob,

Theis, and others). The effects ofpartial penetration become minor at a substantial radial
distance fiom the well; however, in the case ofBF-1 and BF-2 aquifer tests, data have

only been collected from only the pumping well as no nearby observation w;lls are
available. Effects ofpartial penetration of wells BF-1 and BF-2 therefore needs to be
considered, and has some bearing on the calculation of the coefficient of transmissivity.
Sixty-nine (69) percent of the aquifer is screened in well BF- 1 and 47 percent in BF-2.
Using Figures 9.1 1 and 9.12 in Driscoll (1986, see pages 217 and 250), approximate

m
l

i

corrections from true to observed transmissivity are 80 percent of actual transmissivity
ri r-» T"1 M, -J ma'' , m -j-k -|~1 ^ /I 1" [JL * * '* : .

partial penetration for unconfined aquifers in greater detail, ;
• ' , ... , i *. \ . ' • •- ' ^

The aquifer materials encountered afwells BF-1 and BF-2 indicate the aquifsr is
unconfined in file northwestern part of the valley (Appendix A). This^ has potential

:

j

method, which was originally developed for confined aquifers. However, predictions are
nearly correct as long as the drawdown is small in comparison with the saturated . :
thickness (Freeze and Cherry, 1979). Drawdown in well BF-1 was 19 percent of the
saturated thickness and drawdown in well FtF-2 was 34 nercent of the saturated thickne r:-vv.:;k:
This brings forth some additional concern in the transmissivity estimates, bu,t without
further evaluation is assumed to be minor. ; T • : .

Also, boundary effects were experienced in both wells, resulting in a late tin e increase in

the rate of drawdown. This is not particularly surprising as several norihWes t trending
faults are	 J «~.i
heads directly towards well BF-1. The early drawdown trends were used by Arden and

:

!

"V".*

\
\
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Peterson (1978) to calculate aquifer transmissivity, which seems appropriate in this case

as natural ground water flow is parallel with these structures (not across the structures).

Using the average transmissivity values calculated by Arden and Peterson (1978)

corrected for effects of less than iull screening of the aquifer, an average T value of 4,600 '

gpd/ft is assumed for the midway point between the wells. The corresponding K value,

assuming a saturated thickness of 600 feet is 7.7 gpd/ft2.

I

The completed Darcy's Law calculation yields 85 af/yr of ground water outflow to Red

Rock Valley.

Unaccounted Subsurface Discharge

It becomes immediately apparent that the quantity of subsurface outflow calculated using

Darcy's Law accounts for only a small fraction of the predicted recharge to he basin

using both the Maxey-Eakin and chloride-balance techniques. It is most prcbable that

unaccounted subsurface outflow is occurring. This outflow could be occurring at one or

all of the following locations:

1 . Additional northwest flow along faults in the volcanic rock comprising the

western most part of Dogskin Mountain, into Dry Valley,—

2. To the east through the low topographic divide into the Warm Springs; Valley ,
alluvial system (presently no well data to evaluate this possibility),

3. To the southeast through the northern part ofFred's Mountain into Antelope
Valley (supported by water level gradients at the southern edge of th2 basin, see

Figure 8). . • :

4. Downward along fault structures at the base ofDogskin Mountain, potentially

resulting in deep circulation through the Walker Lane Shear Zone and possible
. recmergence at the geothermal springs in Warm Springs .Valley.

I

I

Summary of Ground Water Discharge

I Bedell Flat is considered to be a state of hydrolpgic equilibrium with recharge, equaling
discharge over the long-term. Recent domestic wel I development is not substanftal , >

enough to result in.disequilibriumi Techniques to estimate the ground water; recharge to
the basin are in reasonably close agreement, lending some level ofconfidence in the 1
recharge values. Discharge estimates total but a fraction of the recharge estimates, and

undoubtedly some components) of discharge has not been fully accounted. Given the
lack of phreatophyle vegetation in the basin, this component has to be subsurface1 :
outflow Several possibilities have been presented, and the estimate of unaccounted

. subsurface outflow is 1,100 af/yr. Table 4: summarizes the: discharge iedmponenis

" A

. (quantified for the basin,:

iV-V

i

. f ' & ••• - • . •
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Table 4 - Summary of Ground-Water Discharge in Bedell Flat
iJi'Scbai'gcTyf' _ 1 Estteujte'i Quantify

. . . (»gy) '
Motel ' •

Springs in Basin 25 Bedell, Seltlemeyer, Matley,
Willow, Juniper, Bird, and

Whitney ___			

Campbell Ranch spring

Future domestic (jonsumption
could increase to 100 af/yr

Maximum permitted

Northwest edge of basin, Rush

& Glancy (1967) estimated 30

acres of salt grass and very wet
meadow at Campbell Ranch
Calculated in this! study

Springs down-gradient ofbasin 30

Domestic Wells

Livestock Watering

Evapotranspiratiots

20

22.4

30

i

Subsurface Outflow to Rod
Rock Valley	

2t>^ ,85
Subtotal (rounded) 210 Total Accountedfor Outflow

Probable Unaccounted

Subsurface Outflow
1,100 Estimated recharge of 1.300

af/yr based on ch: oride-balance

and Maxoy-Eakiij methods.
	 . <i— in — i. . —				 i *	 	 ii

I Ground Water In Storage

. Ground water in storage in upper 100-feet of the saturated alluvium in Bedell Flat is
estimated to be 160,000 acre-feet, using a storage cocfficient (specific yield; of 0.10

applied over 25 square miles (50 percent of the hydrographic area). A fraction of this

ground water in storage in the upper 1 00-feet saturated alluvium will be removed as

pumping from production wells commences, and new gradients of ground water flow are

established toward the well(s). The removal of ground water!rom storage wili occur

. mostly in the beginning years ofpumping and Ls, expected to gradually diminish as a new
.	 UU.C..1. ;	 —«-*- - L'--1 - 	 -.....tut-!..:-I

I
Water Quality

I Basic water chemistry data- were collected during pumping tests ofwells BFG and BF-2

. in 19758 (Arden and Peferson, 1978). Water chemistry from the wells is surprisingly low .
in total dissolved solids (TDS) content, at 138 mg/L and 149 mg/L (late-time pumping r
test samples). Ail general chemistry constituents are below die primary state and federal

drinking water standards (Appendix B). One of the well BF-1 analyses dete ded arsenic

at 0.005 mg/L, but all other samples were below this concentration. The ne w drinking

wat^er standard for arsenic is 0.010 nig/L. The recommended level of iron is 0.3 mg/L, .
(secondary standard is 0.6 mg/L) and was initialiy exceeded in Well BE- V at 0.33 mg/L;
however, the later time sample detected only 0 06 mg/L. ILe initially higbe|r

	 :Wti;	 a

for 6 years prior to the pumping test in 1978 (BF-1 was constructed in 1972).
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Ground water quality also appears reasonably good in the southern part of the valley,
with TDS concentrations ranging from 173 mg/L to 320 mg/L. The drinking water

standard for zinc is 5.0 mg/L and is exceeded in the Reslock domestic well (14.8 mg/L).

Recommended levels for secondary standards are slightly exceeded in a cot pie samples.

The pH of ground water in the southern wells exceeds the recommended level of 8,5 in 2

of 5 samples, One domestic well in the south also contains iron at a level slightly above

the recommended concentration, and two domestic wells in the south had si ghtly

elevated levels of manganese at 0.06 mg/L, whereas the recommended levei is 0.05 mg/L

(secondary standard is 0.1 mg/L),

In conclusion, the basic water chemistry of Bedell Flat is quite good, partici larly in the

northwest portion, Localized areas in the southern portion of the basin have slightly

elevated iron and manganese. Water chemistry sampling is summarized in Table 5, and

detailed reports presented in Appendix B.

8

I

8

i

I
r'iv

1 • i

v. '

lli.ltw.lil
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Table 5 - Summary ofWater Chemistry Analyses (concentrations in mg/L, unless otherwise noted).

Site 7 Date C» Mg ~K HCOj SO, I CII K i SiO» mNSH.0 Loci- •;
don;.

TDS pH Na BMn Cu £0 BaAs
Rpt.
No*

a'-?! is

L.
Northeast Red Rock Valley:

40 2 "120 717 30Campbell Ranch

Spring :
Sec31,

T24N;
R19E

1 1-19-02 <0.005toNA 2.60 7.36 42 0.12 34 <0.004 0.002

—

Northern Bedell Flat Valley:
	~~46434" 173 24 0325BF-t 8.18 O.OOO 0.33117Sec. 9,

T23N, .

RI9E

8-2-78 12625 35 20 S 0.02

BF-1 8-3-78

8-28-78

2?'8.16 O0646475 . same 0.005138 22 5 3 110 19 029 0.654 0-01
46681 Sec. 5.

' ' ' ' T23N,
R19E

BF-2 20144 i 8.08 26 4 . 22 2 107 03225 0.0001.1 0,02 0.00

V7 r-

BF-1 Stockwater j 142605 Sec 24, I .
(East-Central T23S.

Bedell Valley)*** R19E

BFS-1,
SetUemeyer

Spring

46683 8-28-78 "149 7,97~ 25 4
6-15-99 ; 332 ; 7.41 62 13

022 1.1 0.02 0.00BF-2 1922 2 115 6 0.000same

Took 0.00 ~hl0.00 0.05 0V732042 2 0^313 9.08 49 0.4 0.00

T24N, 6-16-99

R19E
.46 13 30 . S CUT. 142619 TTTTR78.09 0.01266 0.00 0.09261. 27 0,0 <0.003 O.Ol 0.10-22

8

441142620 See 33,

W
R19F.

0.00BFS-2 Willow

Spring
13 24 21.5 1.56-1.6-99. ' 7.61 4462 28 378 0.11 29 <0.003 0.00 0.00 O.Oi 0.07 0.1

6

Southern Bedell Flat Valley:
14 1 4 ) 254 i 29 I 10

" e"

Richards 124529 Sec 7, ) i 1-3-95 320 7.75 50
Domestic Well, T22N,

1230 Bedell R<L R19E . 	

Hiibel Domestic 82287 Sec 8," 3-13-89 208 8.75 7
Well 1265 Deer T22N,

LodgeRd, . , | R19E

23. 55 0.06 1.71 0.04 0.00.13 1.7 0.004 0.07 0.00

63 0.11 12 <0.003 0.01 0.00 0.21I 54 0320 90 0.00 0.174

T 38 ? <0.003Reslock Domestic 096545 See 8, 4-23-92 173

Well. 12S6Deer T22N.

LodgeRd. , R19E 	 	

028 0.19.04 10 0.06 0.00 14.83 0.03112 41 3 0.43 12 0.0

;i

w~ -44" evo- -ftO-SmgicyiOoittcsTicr]—1-47246- —Scc7; 		

B . Well, 105 Cobalt '< . T22N, -
M v- Ln. R19E

-8=25410 frOfr 03)4 4L03-14 1 149 5 «-ISO"- "8:05 27 10

m 0.03 OJ0.10154 8.02 5I.eary Domestic 147502 See 7, 9-25-00.

Well, 1091 -: T22N.
7 cobalt Ln. R19E

"7""
6 0.00 0.4016 <0.003 0.032 134 0.0027 37 1.14

a
> II. Mhl.ni III	 ! 	 	 	 	 	 	 	 I.I — —	 	 	 1

Nitrate reported as Nitrogen; ***BF-1 water source unclear, spring fed stocfcwaler trough- = Not Analyzed; * Nevada State Health Laboratory, Reno, NV;
- - . • . •**;••		. -

; • /./. • ^ " r • .i \'* . • .
: • - . - .

tC :
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Water Chemistry Observations

The water samples listed in Table 5 are plotted on a tri-liner diagram (Piper plot)

presented as Figure 9. The 3 springs sampled by WCDWR in 1999, wells B 7-l and BF-

2, and the Singley and Leary domestic wells in the south, all show commona ity in

chemical proportions- The Richards domestic well has a slightly low propor ion of

sodium, ; All these water sources come from precipitation derived predominantly on

(granitic mountains, or alluvium derived from the adjacent granitic mountain* . ' The

resulting water chemistry is calcium-sodium-bicarbonate dominated. Two southern

domestic wells (Reslock and Hiibel) show significant deviations in general chemistry.

These two wells have substantially increased proportions of sulfate and sodium, perhaps

resultant of localized geothermal alteration/mineralization of nearby bedrock. Both the

Hiibel and Reslock domestic well water chemistry was also noted to have moderately

elevated iron and zinc concentrations.

e
A water sample was collected from the Campbell Ranch spring in November, 2002 for

general chemistry testing. The spring was sampled at the discharge point from the base

of the hillside on the north side of the meadow (Figure 4 b, Appendix B), Spring flow at

the time of sampling was estimated at TO gpm. The TDS content of the sprirjg is similar
to TDS concentrations observed in Bedell Flat, at 260 mg/L. However, the Proportions

ofdissolved anions show a distinct difference (Figures 9 and 10, Appendix B). Water

chemistry of the Campbell Ranch spring is more.sulfatc and chloride dominated, and

lower in dominance by bicarbonate than Bedell Flat waters. Water elevation differences

between wells BF-1 and BF-2 indicate a gradient toward the spring. The elevation of the

spring was surveyed by Tri State Surveying at 4,803,42 feet, approximately f5 feet lower

than the water table elevation at well BF-2, which is located a distance of 1 1.976 feet to

the southeast, and approximately 1Q0 feet lower that the water table elevation at well BF-

1, located a distance of 16,993 feet to the southeast. While the water table gradient at .

these wells supports flow towards the Campbell Ranch spring from Bedell Flat, the wat<

chemistry suggests that the source of water is not entirely Bedell Flat water, but rather a

mix with another water source, or less probably an entirely different water source.

Campbell Ranch spring lies in a topographic depression between three mountain blocks,

Dogskin Mountain, Sand Hills, and Seven Lakes Mountain. Seven Lakes Mountain and

tee western-most portion of Dogskin Mountain are comprised of volcanic rooks. Greater

increased proportions ofsulfate and chloride versus bicarbonate could be imparted to

I

I

I
' . jA..

springs. Further supporting a northern water source, is the presence of nume :ous
: . .1 	 . -	 J!.. _ jr. Ji	 1. Ji. . • r .	 J-/-. 	 l.-H 1, 	 ~ /r> 1

which extend up into tee saddle between Dogskin and Seven Lakes mountains. The ; :
spring is likely situated on one of ther~ 	— ~ ~ .L,*— a —
through the volcanic rocks.

.

meadows and springs at Campbell Ranch are receiving combined ground water flow from

: V;-:. -.t. A- 'A VAv;;:r/.v te,'-

—

Pa#? . , '
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Legend:

0- Well Samples

*- Spring Samples

Piper Plot of Bedell Flat Ground Water and Spring Chemistry

.8080.

I 60, ,60

40, .40

1
20, ,20
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Mg S04

Hlibel

80 80
^ Restock

SO 60

40 ,40W
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*

w
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60 60 60 8020 2040 40

Ca Na+K HC03 CI

FIGURE 9 - TRI-LINEAR DIAGRAM OF BEDELL FLAT WATER CHEMISTRY
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BF-1 BF-2

ciNa CI Na

Ca HC03HC03 Ca

g
#

1 S04Mg S04 Mg

I
r r T ~\ r T I

1.9 .95 ,95 1,9 (meq/1).95.95 1.0 (nrteq/l) 1,9

Campbell

Na CI

I
HC03Ca

S04Mfl

t 5I T
2.1 1.05 2.1 (meqfl)1.05

FIGURE 10 STIFF DIAGRAMS OF BF-1, BF-2 & CAMPBELL RANCH SPRING WATER

•> >i«li

-^X. InterFlow
A\a V Hgdeolagi], tnc. CLIENTJnlermountajn Pipeline. LTD
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both Bedell Flat and through fault structures from the Seven Lakes and Dogskin
Mountains.

Surface Water

Bedell Flat topographically drains to the north and then west to Red Rock Valley. The

unnamed ephemeral drainage between the two valleys receives flows only in extreme

runoff events. No perennial streams exist in the basin, and there is no playa Average

annual runoff from the mountain blocks surrounding the valley floor is 3,00 ) af/yr,

estimated using an altitude-runoff relationship developed by Riggs and Moore (1 965), as

presented in Rush and Glancy (1967). Most of this runoff is ultimately Lost o

evaporation on the valley floor, although a small portion may infiltrate down through

soils becoming ground water recharge,

D.O. Moore, in Rush and Glancy (1967) estimated average annual surface water outflow

to Red Rock Valley at 70 af/yr, acknowledging that this flow occurs as a res alt of

infrequent precipitation/runoff events. .

Perennial Yield v . y . " ' ' '•/ .• .

1

I

i The perennial yield of a ground water basin is that portion of the ground water discharge

that can be captured via pumping from wells and, in general terms, cannot exceed the

estimated ground water recharge. In Bedell Flat, the primary means of grpu id water

discharge is subsurface outflow. As presented in this report, subsurface outflow cannot

be fully accounted in the basin. However, the magnitude of the subsurface c ischarge is

equal to the magnitude ofground water recharge, because the basin is in a state of

hydrologic equilibrium. Two methods of estimating ground water recharge :o basins in
the Great Basin have produced similar quantities of predicted recharge, lend ng some

k

7

degree ofconfidence in estimates of the recharge side of the water budget for Bedell FlatI
available to quantify only one component of subsurface outflow, being throi gh alluvium

in the northwestern arm of the basin to Red Rock Valley. This value is calc ulated at 85

af/yr. Several possibilities exist for the occurrence of unaccounted subsurface outflow, ff
; including additional outflow to Dry Valley via prominent nortliwest trending fault 7 ,

structures, outflow to Antelope Valley and Warm Springs Valley through fri ctured
bedrock and moderate topographic divides on the eastern side of the basin, a id perhaps

I

outflow through faults on the western side of the basin that constitute part of the Walker
Lane Shear Zone. ' '::;'7y;. - 7. :.7:y- y ,y- -:.'''7y- y7vy..y yy .y-yy//

Maxey, and others, (1966) suggested Bedell Flat could support perhaps 300 acres of ;
irrigated agriculture, at a duty of 3 to 4 feet per year. This equates to 900 to 1,200 af/yr

Maxey, and others, (1966) go on to suggest a perennial yield as follows: "C n the basis of
the VS. Geological Survey method ofestimating recharge (see table) a mini num of

: . Page 23;
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which a considerable fraction could be developed ifadequate aquifers are bresent in

favorable stratigraphlc positions. "

A portion of the subsurface outflow from Bedell Flat can undoubtedly be ct ptured via

production wells, although the placement of wells will need to be such that outflows can

be effectively captured, A pumping water-level depression created in the northwestern

portion ofbasin caused by pumping wells BF-1 and BF-2, while theoretically would

propagate throughout the basin, is not predicted to be effective in capturing much of the

hypothesized eastern outflow. An additional well, or wells, will be needed in the central

and/or eastern side of the basin.

Rush and Glancy (1967), also encountered an imbalance between estimates ofground

water recharge and discharge Common to their reconnaissance investigations, they split

• the difference between the two estimates, assuming equal probability that tie discharge

was underestimated or recharge over estimated, thereby arriving at 700 af/yr of ground

water recharge and discharge. Given the data available today versus that a\ ailable in the

mid-1960s, it is much more probable that unaccounted subsurface discharge is the

dominant factor in the imbalance.

: Rush and Glancy (1967) applied a common, and conservative, assumption that one-half

the recharge-discharge is a practical perennial yield for the basin. Then rounding down,,

they arrived at 300 af/yr as a perennial yield estimate for Bedell Flat. Because the

predominance of ground water discharge is via subsurface flow, which is probably ?

distributed over several locations along the basin boundary, we likewise feel that a

conservative perennial yield for the basin is warranted, at this time. Allowing for some

increased ground water consumption by domestic wells in the southern edge of the basin,

and generally one-half recovery of the subsurface outflow, we suggest that 500 af/yr

could be developed for municipal uses in Lemmon Valley. The ultimate manageable

i

qflSfr network distributed over the valley floor to more effectively capture the sut surface

discharge. ••

I
capture ground water discharge from the valley of an equal magnitude to pi mping. A

gradual transition from storage withdrawal to discharge capture will take pi ice, which is

expected to extend over many decades. : . ;

v' - -V -.-a

Development of Ground Water Resources

as a primary ;

well, and BF-2 as a supplemental or back-up well
v.

In further review of the well construction and pumping test data presented by Arden and

supply. Well BF-1 is constructed with mill-slot perforated casing and 3/8-inch pea gravel
'v. V : ' . : v.''. .>.* ^ ' . .

1

' 1 •
fW—

iii m
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for the filter pack (left over pea gravel observed at the site). The well is noted to have

produced fine mica throughout the course of the pumping test conducted in 1978. The
well likely produces fine sand along with the mica, which would require removal for use

as a municipal water supply. Well BF-2 was constructed with Johnson well screen and a

Monterey sand filter pack. Produced water was reported to be mica and sanl free in later

stages of pumping tests. For this reason, Intermountain Pipeline's application 66873
currently has a point of di version at well BF-2.

It is the intent of application 66873 to appropriate the presently available perennial of the

basin. However, distribution ofpumping between multiple wells will likely be needed,

due to tire low transmissivily of the aquifer in the vicinity of wells BF-1 and BF-2,

Monitoring ofwater levels during start-up of long-term pumping at the BF-i and/or BF-

2, coupled with exploration on the eastern side of the basin are suggested to refine an

assessment of the need to distribute pumping regionally in basin. Numeric (low

modeling could aid in assessment of the need for pumping distribution; however,

additional geologic data for the eastern side of the basin would be desired prior to

undertaking a numeric flow modeling effort. . .

A summary ofwell BF-1 and BF-2 pumping performance is presented below, and the

complete SEA Incorporated (Arden and Peterson, 1978) well drilling and aquifer testing
report is included as Appendix A to this report.

Well BF-1 - . ; ' ; . : , . - '' " .

Well BF-1 has been test pumped at rates up to 690 gpm; however, the specific capacity of

the well is lower than BF-2 ranging from 2.0 to 2,6 gpm per foot of drawdorvn (about

one-half ofBF-2). The well can be pumped at higher rates because of its greater depth
(950 feet) as compared to BF-2 (400 feet), ,

I

I
permeability boundary effect was observed .during pumping, whicii i s irtterp reted .'as being
the intersection of the pumping cone ofdepression with a northwest-southeast trending
fault (projection of faults mapped by Bonham, 1 968; see Figure 5), Monitoring after the

. ; pumping period indicated recovery at a reasonable rate, with a late-lime trend projecting - : ' :

. /v,; to near zero drawdown at 36 hours. Ty'Ty;"' ^

I I

Basedon projection ofthe late-time (post boiiridary effect) water level drawdown trend1
observed during aquifer testing, pumping from well BF-1 at a rate of400 gpm could be

sustained (pumped continuously without recovery- time) for approximately 4.5 years-
before exceeding 400.feet ofwater level drawdown in.the well, Recommendations for ;

pumpmg.

Well BF-1 is constructed of 16-inch diameter casing, whichwould accommodate a. filter
packed liner to mitigate suspected sand problems. However, not ali lining efforts are met

- , > V'->; ... / ~v; V-,.-- '> yyy -y'qv 'V,'.;';. : 1 y:\'y\ : -yTv.
KWM.HIHI III III II I I 	 I

. • • ,
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with success. If needed, a new well could be drilled at location BF-1 using s; milar

construction materials as BF-2,

Well BF-2

The specific capacity of well BF-2 ranges from 3.7 to 4.5 gpm per foot of drf wdown, and

the well has been pumped at rates up to 450 gpm with an observed pumping water level

at approximately 2 i 0 feet below ground surface. In 1 978, a 36-hour pumping test was

conducted at 300 gpm, and at the end of test the pumping water level was at 198 feet

below ground surface. Recovery of water levels was reported by Arden and Peterson

(1978) to be slow. Upon closer review ofthe recovery data, it is noted that water level

recovery was measured for 8 hours following the 36 hour pumping period. Residual

drawdown was at 1 8 feet below the starting static water level of 83.4 feet rep irted at the

beginning of the test. The trend of the late time recovery data projects back t:>0

drawdown at 36 hours, indicating complete recovery within at time equal to t ie pumped

period. However, it is noted that the static water level at the beginning of the test is 20

feet below the static water level reported prior to pumping for well development. The

length of time ofdevelopment pumping, arid the length of time between completion of

- development and start of pumping tests is not presented, but we suspect that the not much

time was allowed between the two events. Given this consideration, it appea's that well

BF-2 recovery was in keeping with theoretic recovery trends (Driscoll, 1986, p, 259) and

the aquifer was not over stressed during the aquifer test.

The rate of water level drawdown in well BF-2 was also affected by a low pe rmeability

boundary encountered by the radius of influence during the pumping test. T1 is boundary

is probably one of several faults in the vicinity of the well (Figure 3). The laie-time
drawdown trend at 300 gpm (post boundary effect) indicates that the pumpin ; water level

in the well would approach 300 feet in depth (well is completed to 400 feet) i fter

approximately 1 year ofpumping without recovery time. It is likely that add. tional . .

boundary effects could be experienced during pumping of this duration, acceS eraling the

drawdown. Production pumping from well BF-2 can be maintained at 300 gpm only if

periods of recovery time arc allowed. For pumping at 300 gpm, we recomme nd equal

I
#

I

i

I i

i
pumping rate for longer durations of time relative to recovery,
V'\v-v "'-V/:. :\;-r :•;/ &'!;
East-Side Basin Exploration

It will aid considerably in the future management and development of grounc water

resources in Bedell Flat if one or more exploration wells are drilled on the eastern side of
.1 It" + . m ,-,1 i : ' . '•,*£,** M 'mAM-k t '+-* M ' ' * " ' I *"•

wells should be sufficient in diameter and of adequate construction materials to conduct

aouifer texts (Dumnina tests). Static water level elevations should be measured, and basic

water chemistry analyzed. The data collected front these wells will rcjBnp gtc und water
flow directions and provide data for outflow calculations. The wells should t e v ;

maintained for long-term water level monitoring in the basin, and based on the data from
,U^., .....I ! n oil,	 i^rr T5T?_1 HP.O It mov h-

:.v. - '
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deemed appropriate to complete an additional production well on the east side of the

basin.

Impacts of Pumping

A new hydrologic equilibrium will take decades to become established, once pumping is

initiated, As is the case with all wells, ground water will be initially withdrawn from
storage until gradients to the well are established and subsurface discharge i s begun to be

captured, The progression from storage withdrawal to discharge capture whs estimated

by Arden and Peterson (1978) to require approximately 44 years at an annual withdrawal
of450 afyr (calculation method not cited),

A calculation of drawdown effects in the vicinity of wells BF-1 and BF-2 over time can

be made using the Theis (1935) equation. The Theis equation applies nume ous
assumptions, including, as outlined by Todd (1980):

1. The aquifer is homogenous, isotropic, uniform in thickness, and of infinite areal
• extent, " • ' ' . 1 V • " " • I

2. The potentiometric surface is horizontal prior to. pumping, . .
3. The wellis pumped at a constant rate,

4. The pumping well penetrates the entire aquifer thickness (horizontal flow only)
5. Well storage is infinitesimal, and can be neglected, and

6. Water removed from storage occurs instantaneously with decline in head.

While numerous simplifying assumptions are necessary, the calculation is valuable for
making first approximations of the water level drawdown effects from pumping wells.

Using the following values in the Theis equation, results of the Theis calculation are as
presented in Table 6: ; '

I

I
7 '

Q (pumping rate) n372 gallons per minute pumped continuously from one well ;

(equal to 600 acre-feet per year); v Viv-v-v-v ' : .

B T (transmissivity)13 4,600 gallons per day per foot;

I
Table 6 - Predicted Pumping Drawdown Using Theis (1935) Non-Equilibrium Equation

10 Years After Start of Pumping | - 100 Years After Start of jPutttping
E

Radial Distance of 1 mile = 8.4 feet Radial Distance of 1 mile = 2 7.5 feet
'".'-J: \ "V. ij'"-'.' ,

Radial Distance of 2, miles ~ 5.8 feet
* : ' \= . . y. yy v V ; 2 J ' " V • ' • '

Radial Distance of2 miles = 1.7 feet

Radial Distance of 5 miles = 0.0006 feet Radial Distance of 5 miles - 3.0 feet :

* Drawdown (feet) = 1 14.6 Q W(u)7 T, where u = 1 .87? S / T t, where r -• radial distance in feet, and t = :
time in days. Values for W(u) obtained from Todd (i960), Table 4.1, page 126. ;V • • ' v.."' • •/ , ..

'• •' : *

•I-
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Kennedv/Jenks Consultants
	 	 ...I.—mi—..»'. i. .11 _ — i 1 1 ,i i . . i i 		

Engineers & Scientists
5190 Nail Road

: Suite 210
Bono, Nevada 09502

775-027-7900

FAX 775-027-7925

31 October 2001

Ms. Charlene Fumarol
Division of Water Resources
123 W.Nye Lane
Carson City, NV 89710

- Dear Charlene:

I

' \

I will continue representing Interrrlountain Pipeline Ltd, and Robert W, Marshall and Nanette
Marshall as their water right Agent for the following permits and applications: R-01 4, 64073
through 64081, 64977, 64978, 66400, 66873, 66961, and 67037. Please update my mailing
address to the following: / .

r.:.-

Dwight L. Smith, PE, WRS :
Kennedy/Jenks Consultants
5190 Neil Road, Suite 210

Reno. Nevada 89502

Please contact me at 827-7900, if you have any questions.

Very truly yours, .

KENNEDY/JENKS CONSULTANTS

: •

Dwight C7 Smith, PE, WRS
Senior Associate

DLS/kls

cc: Bob Marshall
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[J
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— -^L
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. \ .
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— 		-i

m »

(¥?5)TELEPHONE:
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v'[ ] Individual named above. (Complete signature below only.)

Agent or representative. (Complete the signature, name, and address below.)

This form accurately reflects the mailing address for the permit holder or other individual identified above.

-t;

!
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NAME:	2)b.),jht Z.
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!

Hydrogeology of Bedell Flat and Potential for Groin d Water

Development, Washoe County, Nevada

I

Executive Summary

The Bedell Flat hydrographic basin comprises 51 square miles situated north of Lemmon

Valley and east of Red Rock Valley, in southern Washoe County, Nevada (Figure 1).

The basin is completely surrounded by mountain ranges and lower bedrock iiills with a

minor ephemeral drainage exiting the basin in the northwest corner, to Red Rock Valley.

Over 90 percent of Bedell Flat is public lands, withp 	

Red Rock Estates development existing in the south,

I

I
!y." v . .

i ieen

its

Approximately 33 domestic wells have been drilled for single-family residences in the

south. Two production welis were constructed in the mid to late 1970s in th) northwest,
with the expectation of pumping water to Lemmon Valley, but are not currently used.

These two wells were test pumped at rates up to 450 and 690 gallons per minute.

!
Ground water occurs at depths ranging from 30 to 650 feet helow ground su face. Over a

majority of the basin, depth to ground water exceeds 50 feet, and ho signifio mt areas of

evapotranspiration by phreatophyte plants occurs, except in small areas locaed around

low-flow springs in surrounding mountains, and the northwestern edge of th; valley floor

where depth to ground water is less than 50 feet.

I

I
I i. :

I surrounding the valley, and to a lesser extent falling on the valley floor. Usi ig 3 years of

precipitation records from 8 stations operated in Bedell Fiat by Washoe County .
Department of Water Resources, combined with regional precipitation mapj ing :

I w I »V MU&^ V. — ^| w « w * • ' — - —- £—J •-rt ^ '

feet per year (af/yr). Only a small percentage of this precipitation becomes j ground water

recharge. Two recharge estimating techniques, the Maxey-Eaikin .method and chloride-
balance method have been applied and yield similar results, indicating approximately

lDi

I
1,300 af7yr of average annual ground water recharge in Bedell Flat.

Ground water discharge in the basin is primarily via subsurface outflow, given the lack of
spring discharge or phreatophyte vegetation in the valley. Existing data are ipt sufficient

I
, • -%

I Page 1
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known to exist through alluvium in the northwest corner of the basin. Additional

subsurface outflow could be occurring to the east, to Warm Springs Valley aid Antelope

Valley, and to the northwest through fractured bedrock to Dry Valley, The basin is in a
state of hydrologic equilibrium and the total subsurface discharge is approximately equal

to average annual recharge, being approximately 1,300 af/yr.

Ground water quality in Bedell Flat is excellent, with total dissolved solids
concentrations typically below 300 mg/L, General chemical constituents meet current

state and federal drinking water standards, including the upcoming (year 2006) lowered

arsenic standard.

1

I

Perennial yield for ground water from Bedell Flat is conservatively estimated in this

study to be 600 af/yr, after accounting for existing livestock water rights and continued

domestic well uses in south. The perennial yield is approximately one-half cf the
estimated ground water budget. Realization of the perennial yield will require spatial

distribution wells and management ofpumping; in order to achieve capture c f ground
water outflow from the basin, The two existing productions wells constructs d in the ' ; -

northwest part of Bedell Flat may be used to capture a part of the basin ground water

resources. Future exploration, pumping, and long-term water-level monitor! ig may

support a higher perennial yield, depending on the ability to/capture subsurfrce outflow,

Initial pumping by wells will remove water from storage, until ground water gradients are

changed sufficiently to redirect subsurface outflow to the production wells. The

estimated volume ofwater stored in the upper 100 feet of the al luvial aquifer is 160,000 ,
- ; acre-feet. ' 7,; '

I

I m '

I

Recommendations for future hydrogeologic work in Bedell Fiat includes rehabilitation of

production wells in the northwest and drilling one or two exploration wells along the

eastern part ofthe basin, both to assess potential eastern ground water outflow and
determine suitability for an eastern production well site.I

I

I

!

I I
•

I

i

I

I
WW

. Page 2'.;
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Introduction

This evaluation ofwater resources in Bedell Flat has been performed to assess the

potential for development of ground water resources in the valley, Intermou ltain

Pipeline, Ltd., for whom this study has been prepared, has a pending applicaiion

(Application 66873) to appropriate underground water from the basin for municipal uses

in Lemmon Valley, a northern suburb ofReno, Washoe County, Nevada,

Bedell Flat has not been the subject of a comprehensive hydrogeplogic asses iment since

the mid-1 960s, and since that time significant data have been collected in the valley,

including drilling and testing of two municipal wells in the 1970's, drilling of domestic

wells in the southern edge of the valley, assessment of the hydrogeologic structure of the

basin by the U.S. Geological Survey (USGS) completed in 2001, collection of

precipitation data ongoing by Washoe County Department of Water Resources

(WCDWR), and ground water and spring chemistry sampling. This evaluatbn has relied

upon the available body of work and data, supplemented by field observations and

measurements made as part ofthis study.
' - -i • , ,

Location and Physiographic Setting

I

I
Bedell Flat has been assigned Hydrographic Basin No, 94 by the Nevada Division of

Water Resources (NDWR). The hydrographic basin occupies approximately 51 square

miles, situated north of Reno-Stead and Lemmon Valley (Figures 1 and 2). Bedell Flat
can be accessed in the south offofRed Rock Road, from the northwest from Red Rock

"* . . " ' - . ' " " " - - • • . . r • . : : . 1 .

I occurrence. No perennial streams exist in the valley.

I valleys have been the subject of recent evaluations in support of water resources

development by lntermountain Pipeline, Ltd (JKatzer, 1997; and Smith and Katzer, 2000).

Antelope Valley is situated to the southeast. • AI •:v/ •

mean cSea level (Figure 2)/ Land surface elevation near the outflow of Bedell Flat to Red

Rock Valley is approximately 4,820 feet. The valley floor is roughly L-shaped with a
northwestern aim extending toward Dry Valley and a southwest ami extending towards
Lemmon Valley, The width of the valley is approximately 5.5 miles east-W( st, and the

length is approximately 8.5 miles north-south. , •

i Mountain ranges surrounding the valley include Dogskin Mountain to the ncrth, rising to

7,460 feet in altitude, Sand Hills to the west rising to approximately 6,100 feet at Granite

Peak, Fred's Mountain to the south rising to 6,940 feet, and some unnamed lower altitude

I
• ;

I
r- Tl„ , ... ,, .....

v. 1 a8e 3:
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M- JA1315



SE ROA 1234

gr^psgpgi!"
m

"15
I?

<

;fefA;s

ffcis ft> ):• N~

	 	

mm^mh
c£x>E^

, I / M.® ' : \. , 1. V-.

...LUp^ >**-

>Mle ; fc^YfiZ/^E:
I'TTTT—T

X''if i ;

i/;
r

S4>:
"jjj

.,i<$ T\ yk ki'M
P'^v T I ; <,*>

icp fc/s !\ % !>\

U\

R^wii:V'Vli*5s1vpife^

i4>c
\! f
s&aUJL

I
w l::- •>

S'ii

• ffljA

lift
«r

i 'rr--

|7W T >A I JL'

g "/irs--- - ,»T» .....

Fy'TTv 'i :'s;:

7 v>l\^, . 1' A# Jpggf^-'

r:; !/ \ ,

Y:i,y

fev •
PhwWM, Lr:^

VY..^ J'\ "%
®fv\

\Mmm
I :mm

I
k_

r 1tfr
li.* v..

''«> >1MnK;|.: 11
v-*;7j-'"v — *" *- 4 —~-—wL

"WfF""- ' • ; : 1

. .y>

-«#I *$
-I ~'ii

"?A 7/

ll P" I'M
• Vv

1: \

iV^il

	

	

pryy-:-	 '(*'#)

Jg

" "a
f p

I ' ' 7^
• i :''•

^ 77&W7 lrh

\ J
X;l^r--WlA

r:f

£r"v

\ -
• ./) il :'t:,^;?>

I"!

• ' I / i \i ' -V u
' . ' / • . M '

;

"i
"i

-r
'Y'Y

J -;
j/--<•' LLP .;

I ^ \ J.,- t *. "A" XI ; Rl
»!#(' :

"_.< :•» s, t". - >. p{
tii HJ'SJdaa} %
1 AitfpQrU "5

j

a®
S !>' in '

m
' r;~r

/ p

1 Him' mi mil m 1 1 n im

/\ «. IfptnrFlLitv

Hjjdrajogy, tn«%

. f/iiykhfi Witewiwmntwn^f

IFH Report No. 2003-03Intermounta.in Pipeline, LTD
iiiiUfr'i'imni

I Figure 2 - Bedell Flat and General Vicinity^
SBBi

SE ROA 1234
JA1316



SE ROA 1235

hills that trend in a northeast direction defining the east boundary of the basin. Seven

Lakes Mountain, with summit elevation of 6,060 feet lies beyond the northwest corner of

the basin. !

A majority of Bedell Flat is public lands, managed by the BLM. A portion of Red Rock

Estates occupies the southern edge of the basin, with approximately 140 privately owned

parcels ranging from approximately 10 to 50 acres in size (Figure 3). Many of these :
parcels are currently undeveloped; however, some have been built upon, wit t individual

domestic wells and septic systems serving the residents. In total, over 90 pe cent of
Bedell Flat is public land.

Vegetation on the valley floor consists of a desert shrub assemblage, and a recent wildfire

has burned the eastern side. Pinyon and juniper exist above approximately 5, 100 feet in

altitude on western Dogskin Mountain and above 5,400 in altitude on the eastern side of

Dogskin Mountain. The southeast flanks of the Sand Hills support pinyon at d juniper

assemblages above 5,1 00 feet, as does the northern portion of Fred's Mountain above
5,250 feet. • . ,

Whiskey, Bird and Juniper Springs are situated near the southwestern edge cf the ba?in,
in the vicinity ofRed Rock Ranch Road, and support small areas of riparian vegetation;
On the intermediate southern flanks ofDogskin Mountain are several springs, including

Bedell, Willow, Matley, and Settlemeyer. These springs produce small flows that have

historically been used for livestock water sources,

. ' Existing Water Rights " . ' :

!
>

I I

I

1

. Few water rights have been granted in Bedell Flat; however, the basin has been

designated for preferred uses by the S tate Engineer. A review df the basin abstract from
kmntn . ft 	 /AV; .« .

I The BLM holds 22.4 acre-feet ofunderground rights for stockwatering assetdated with an
existing well in the central portion of the valley. Two permits have been granted for .
quasi-municipal and wildlife/commercial use in the extreme southern part of ' the valley, :

it. y, i if ' I ni, . -i . j? . i a . ( i - tyriJlT ex'P i rp . , t f p-1
Pexmit 53338 owned by the church in Bedell Flat is combined with Permit 50399 located : .

in Antelope Valley. Together these permits are not to exceed 1 7. 1 4 million gallons Vv
annually fmya), or 52.60 acre-feet per ycar(af/yr). Water use reported to thO State '
Ctinifufiaf frtvi Oflhl urnb 1 X'Tflfl nivm MQ OA ttiirrttvaid -ftrAm fhri i Ari+nl rt'rip XfallfeMir .v

I

I permit, with no development In Bedell Flat. Water use reported in year 2002 was
reported at 1 7, 144 million gallons, the full combined duty of both permits; pumped -
entirely from Antelope Valley, Because the full permitted duty ofPermits 50399 and
53338 is currently being pumped in -Antelope Valley, we assume most water Under, these
' '• *** 'j ' " i 1 ' V'i* '-x , I ' ' it 11 ». v-,4 j* " ' < nH* ' ' m jj> rt

-'T'i

center has a permit allowing 2,03 af/yr ofpumping. Total existing underground rigjits
permitted in Bedell Flat is.determined to be approximately 25 af/yr, subject to proofof
beneficial use of the full permitted duties.

1

I

!
	)mm	 ;						 	 ii» i WW- - .
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Table 1 - Summary of Existing Water Rights in Bedell F at (NDWR Basin 9$)

Applies- Date ; Diversion tie ; dor 1AFA.) '
. don No. ' .. (Year) : (Section- ; feu , '

. Township (CFS) .

'* Ranee)

1924 Juniper See- 6, " Stockwatcr
' »r Bird T22N,

_ 	 .. _

1926 Spring Sec. S, Stoekwater

T22R
	 „ R19E 	

1924 Willow See. 2, Stnekwater 0,02 1568 Settletneyer, EA."
, Spring " . TUN,

;	___ ;			 j - R-I9E 	 ;		_
1927 Settle- " See, 35, Stoekwater 0.02 15.68 Settlemeyer, E.A.

meyer T24N, . . ' '
	 Spring R19E
	 —		•«•*•-> -I'l 	 	 	 , in 	 		 I I 	 			 	 ««		 . -..J, ^.l~l-~-

1983 tinder- ' See. 22, Stocfcwatcr 0.03 : 22.43

ground T23N,

_ R19E . ' '

WB

11 ' 7106 Red Rock Rone t,
LTD

iR&dRcekRflnSr

1604 0.92

7713 1613 1.87w*

17637840

8105 1765

BLM1196946705

53338 Qussi-
Mnsiicipai

0.07 "'Combined Duty'

V Community of iviil! permit 50399 "
Christ Church '.in Atnefcge Valley ' .
Feather River . ... _
. 'Ranch '

» ' 1989' r Under- See, 35,
ground T23N,

	 u - •: R19E
13901 1990 "'Whitney " Sec. 31,

Spring T23M,

. . . R19E

Internarionni52.60*

I
54998 6.41Stdekwttter m

I 1377455384 ' 1990 Sec. '4,
. Spring : T23N,

R19E

Sec. 8, . '
' T22N,

R19H
Sec.'9,

TON
R19E

Stockwatef 0.01 9,05 m.M

-65118 1999	UndeF"
ground

ground

Well BF-.
.. .3

"lOOtFj tlndcr-
(sound

Well BF- " R19E

,	 	

«' Indicates not reported in NDWR database ,

Animal Ark ;
Wiidiifc C&tisl j -

- . ' 1 ' ; '

Red Rock Estates; rioS3~nrja^loi
' to date

wM»r " 2.03

Application

56541 . .
Quasi-

Municipal

				'i

150 it

S
Inc.

Ihtennountain Proteased
' Pipeline, LTp .7

See. 5,
T23N,

Municipal 1.50Application
66873

I

I I

purposes, totaling 49.62 afi'yir,. These permits are located at die southern edg i of the
; .11 H *J ' ' 1 1-i.t -.V „ . * . - ' .J \f > - .,1 1 ' 1 ' ' .*.* ' •** T*W 'I

\ During .the past 3 decades, permits have been granted for development of underground
water for miini cipal uses in Lemmon Valley, However, the applicant failed I o carry foTth
•'witk nprfpctitvo tlifl rialifsO flnri thA hMwita'naM chheNhiMitlv iSHtirhsltfvt hv fh« f&iatf* . . "' ; ;

i Engineer due to lack ofdue diligence, Permits panted in the 1970s (26771 , £6772,

1 30255 30256, 30','7j1 ano-r^ 4..^.. tidnmrn.
( 1,809.94 aEyr).

I

I
MN>

Page 5 ' ;
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Existing Wells

A review of the NDWR well log database (January 2003) indicates 5 1 domestic wells

have been drilled in Bedell Flat, all of wliich are in the southern-most portion of the

valley. Occasionally, designated locations are incorrect on driller's logs, anc
subsequently some well logs are mis-located. Thirty-three well logs were confirmed to
be correctly located in the Bedell Flat basin based on physical addresses on t ie well log.
Nevertheless, there are a substantial number ofdomestic wells that have been drilled in
past 10 years in the southern portion of Bedell Flat, along Red Rock Ranch Road, as part
of the Red Rock Estates subdivision. Typical domestic well diameter is 6-in dies and
depths range from 150 feet to 844 feet, with reported depths to ground water ranging

from 35 feet to 678 feet. These domestic wells have been completed in a fractured
bedrock environment

I Other non-domestic wells in Bedell Flat include the Animal Ark Wildlife Ce iter well on
the southern edge of basin and a BLM stockwater well in the central portion of the basin

(Section 22, T23N, R19E). The BLM well is reported to have been completed in 1959 to
a rfepth of 224 feet, with a static water level of 207 feet. Predominantly clay was
encountered with interbedded thin layers of gravel and sand. Depth to water in this well
was measured in August 2002 at 1 80 feet below ground surface, and the ground surface

elevation was surveyed at 5,088.43 feet above mean sea level (msl) by Tri State
Surveying in January 2003 (top of casing at 5,089.28 feet msl).

Two production wells were drilled in the 1970s in the northwestern portion of the basin,
in pursuit of developing ground water for proposed municipal use in Lemrno l Valley,

These wells were drilled by the Red Rock Ranch developers and were the sul yect of
geologic evaluation and aquifer test analyses by SEA, Incorporated (Ardcn aid Peterson,

1978). Well BF-l was drilled in 1972 to a depth of 950 feet, encountering gianite
bedrock at 944 feet. The well was completed with 1 6-inch diameter mill-slo: perforated
casing, and a 3/8-inch pea gravel filter pack. The well was pump tested in 1< 78 at rates
ranging from 1 80 to 690 gallons per minute (gpm). Static water level was re sorted at

53,2 feet below ground surface.

I

i

B I

I
Tri s tate

I 'r:'

noted on the water : ; ; :
-•V- ''

• ' ' . " V"-
surface in the well).

I ; ,

m vu vi wupvivu.iii fy iu ci uvpui ui tuu J.Wl aiiu 10 ii/bauu '5,0 17 5 feCt .

northwest of Well BF-l . The well was built with 1.2-inch diameter casing, using 160 feet
of Johnson wire-wrap screen and Monterey as a sand filter pack (Figure 4). Well BF-2

was test pumped at rates ranging from 200 to 450 gpm. Static water level was reported at ;

63 feet below ground surface. The well head elevation at BF-2 (Section 5, T23N, R19E)

was surveyed by Tri State Surveying at 4,941.94 feet msl at ground surface aid 4,944.23
feet msl at the top of casing. The well cap has been removed srnd debris plugs the well

V -V:v , 5 ft' (ft'
- •' . - . -v :

I

. ,

I

I
ii in I nil

!Page 6 ^

SE ROA 1238
JA1320



SE ROA 1239

I
ifBISfl

lifllf

i.T&S

if$M?€%r:< **
)%

,J ' *| " "" " ' ' ' y *^Xi;

i

i $<v

> '' '*•I
Wall BF-1 facing south, with central Bedell Flat and Fred's Mountain in the background.

I

|

I

I

I

m

m

pSSifca'a
Well BF-2, facing north with western Dogskin Mountain in the backjground,

I

I

I -In tarFlat*
x*. ([ydrnfojjg, liir*

t| li|ii t|»w ***

I FH Report No. 2003*03
IWMMMiliMMIMMMMMaH

Jntanmountain Pipeline, LTD
—4	 		 	

I Figure 4a - Photographs from Bedell Flat	^ .
MIMIMHMCM iMNMPMiWmm

SE ROA 1239
JA1321



SE ROA 1240

I
Kill m

N; .. 11

§/
sax-AS

M1 - -

afl
wswm

I

I
aHs®

vy-

I BLM stcckwater well In central part of BedeS! Fla( facing east '

1HMI iiiWk

,?*$&

WmmmEZ*W -.:A
|sBNr&'»aBBbtes^fea'-

msBMixmitrI M#15 Z4VV

i ill: 1

I
m

I
1 1 wmI ,BS iipj

. . . . 			 JIB
Campbell Ranch spring facing west toward. Seven Lakes Mountain' and Red Rt>ck Valley.

Jstj

$
£H$

!

I
muummrnm

Intermountain Pipeline, LTD I rH Report No. 2003-03

I Figure 4b - Photographs from Bedell Flat
MM MMMMIHBHiliMlMli

• ' V L " ' I

SE ROA 1240
JA1322



SE ROA 1241

g

casing at approximately 60 below ground surface, precluding any current depth to water

measurements.

The production wells BF-1 andBF-2 are shown in Figure 4a and will be discussed in
more detail later in this report, including discussion of pumping tests results, aquifer

ttansmissivity calculations, and water chemistry analyses,

Other wells reported in the literature and databases include:

1 , A Red Rock Ranch well in southwest comer of the basin (Section 3 1 . T23N,

R19E, possibly near Whitney Spring) drilled in; 1 944 to 69 feet with t static water

level of 12 feet (cited by Maxey, and others, 1 966, and Rush and Glaucy, 1 967).

2, A BLM well in the far southern portion of the basin Section 4, T22N. R1 9E)

I
BLM well (in Section 23, T23N, RI9E) to a depth of 60 feet with a reported depth
to water of44 feet (Rush and Glancy, 1967).

4, A reported 6-inch diameter well in the north-central portion of the va ley (Section

1 5, T23N, R1 9E) at the point of diversion for Permit 30274, completed to 1 82-

feet in depth, as cited in the Proofof Completion ofWork filed at the State

Engineers office for Permit 30274.

I

I 1

! ter existence
could be confirmed; Our field reconnaissance included a search for these wells, without

;
location designation on the well log. No private property exists (or existed h the mid-
1960s) in the center of the valley and no evidence ofan abandoned residence could be ^ :
found. In regards to the other reported well, no well log was on file at NOW I, and no :
well could be located in the vicinity of the specified point of diversion. We c id however

note that an exploration borehole was drilled at the point ofdiversion (TH-1) as reported
by Arden and Peterson (1978). The exploration hole was drilled to 850 feet in depth,

encountering predominantly clay below 200 feet in depth. No casing is' reported to have

been installed during exploration drilling.

I
!

I

I ;tic well
	 			 	 „	 		 correctly

located within the basin), and are representative of domestic wells on the southern edge :
of the basin. " ---v " ; ' : .'v ' • ; V V.

I

I

I
'' '
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Table 2 - Summary of Wells in Bedell Flat (NDWR Basin 94)
—_~

>
Permit

or Log
. -No,

Elevation of Diameter Well Type

Of Well.
(inches)

; ' , Owner." - •
(As indicated on NDWR

: Well Log)

YearPhysical Location Ground

Surface I
Township (N). Range (E), Elevation at

Section, 1/4,1/4

Legal Location Total

Depth of

Depth to

WaterDrilted Water

TableWelt (ft)
Well (ft) (ft)
(S)

1972BF-1Red Roclc Ranch Inc. 53.223 19 NWNE 4949.839 950 4896.63

(4903.43)
4878.94

(•4881.94)
4909328

Municipal P2627416
(46.4)

Red Rock Ranch Inc. SE-SE1978 19 5BE-2 6323' 4941.94 400 1175 Municipal P3G275

1959BLM SESW 5089.28Bureau ofLand

Management
4830"23 1? 22 "6224 180 Livestock

Nolan . 15085 Gooding j 2000 22 19
Campana, 15110 Gooding, 1998 22 19

- Parmentcr : Gooding Drive 1998 22 19

Lienhard Gooding Drive 1997 22 19

' Lampmatt Gooding Drive 1995 22 19
Schlatb 100 Desert Sun 1997 23 19

Foc i 445 Desert Sun I 1998 23 19

1655 SE SW 5580 48 5530 6.625 Domestic 81 069
245""SESW 5580 5393 6.6255 185 Domestic 71904

SESW' 5 1505580 35 , 5543 6.625 Domestic

Domestic

71896
7 130NENE .5580 67871516 5448 : 6 5/8.5

200 6.6258 NWNW 5580 - • .57 5521 Domestic 49391
7 59NESW 5580 5519140 6.625 7812Domestic

718775448 DomesticNWNW7- S5S0 395- 130 6.625
NWNW 5580 295 75Poe 446Desert Sun

71877B.1998 23:' . .6.62519 7 5503 ' Domestic
Dcsert'SunLeach 5580192000 23:.' SW SE Domestic6 53150 5525 6.625

6625

82625
SW SEDesert Sun 50 "T 82619

Leach 5580232000

2001

19 150 5528 Domestic
Mackini lOOBrittRd. 574022 19 Domestic 882937 NWNW. kills 5675 6.625

200 Britt Rd. 1990 19Raatz
3501222', 7 NENW 5740 280 62 5680 6 Domestic

Etcheverry . jQOBjrittRd. 1994

Beaumont 400 Britt RdT~~~~T 2Q0L
61 j . 568122 19 6.625 Domestic

6.625 Domestic

46652

84920

32900

6 NE SW S74Q 225 ,

5740 30019 722 NWNW '48 5694

5288 "1200 Bedell 1989

1967

5740 310Red Rock Ranch Inc.

Red Rock Ranches, Ltd
622 19 7 NENW 454 Domestic

7 14022' . 19 6.625SESW " 5820 Domestic5684317 9789
; Bouchard 1 1205 Bedell Rd. i995

Para 1215 Bedell Rd. 2001

Richards 1230 Bedell Rd. 1995

6.625 4983722 19 NESE 5740
NW SE 5740

.7 200 55 5687 Domestic

Domestic

Domestic

Domestic

24019 722 67 5675 838206.625
T"

5740 6.625722 19 , 47;SENE 5695185 49390
Giles: . Bedell Rd. 2001

Nelson 	Graham Lane	 1994
Brimhall 1260 Decriodgc . .1992 .

7 574022 19 5681NESE 200 6! 83818E.625

6-625 Domestic
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Previous Studies and On-going Work

Works of direct significance to the hydrogeology ofBedell Flat are summarised in the

following paragraphs.

Maxey, Mifflin, Domenico and McLane, 1966, Geology and Water Resource ofRed

Rock Ranch, 48 pages,

George B, Maxey, as lead scientist, conducted a reconnaissance-level evalua ion of the

water resources ofRed Rock Ranch, which included Bedell Fiat. Most current private

property in Bedell Flat was once part of the Red Rock Ranch, and the public lands were

used for livestock grazing, Work by Maxey, and others, included an appraisal of existing

water development on the ranch, an estimate of recharge to Bedell Flat, data m springs

throughout the ranch, an estimate of the magnitude ofagriculture that might re

sustainable in Bedell Flat, and general summary of the geology and hydrolog y of the

region. :

Rush and Glancy, 1967, Water-Resources Appraisalofthe WarmSprings-Lemmon

Valley Area, Washoe County, Nevada, 70pages with 2 plates.

In November of 1967, the USGS published this reconnaissance appraisal of 1 valleys

north of Reno, Nevada, covering an area of approximately 900 square miles. Bedell Flat

and all neighboring valleys were part of the study, This study provided estimates of

ground water recharge and discharge for each valley, and provided "preliminary

estimates" of perennial yield. It is important to recognize that this work, whi^e

comprehensive, was very reconnaissance in nature. A total of 1 0 days of field work

spread oyer the entire 1 1 basin study area form the basis for field observatior s. Bedell

Flat, being undeveloped and relatively small in size, undoubtedly received a / V

I

I

i

I exist in Bedell Flat. Nonetheless, this reconnaissance-level work represents i good first-

order approximation of the water resources for each basin in the study area.

••• •I Bonham, 1969, Geology andMineral Deposits ofWashoe and Storey Counties, Nevada,

140 pages. ; ^

!
1:250,000 scale. 1 This geologic mapping includes basic rock types in the mo intaiu blocks

surrounding Bedell Flat, and shows major faults in the valley. Mineral resources of the
region arc discussed. ' ' • : " ' L - : V-V

Arden and Peterson (SEA, Incorporated), 1978, Groundwater Investigations Bedell Flat, . ' .. :

Washoe County, Nevada, 18pages with appendices. ; r ; : : :

1
wmm.
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characteristics in the northwestern portion of the valley, provides basic ground water
chemistry data, presented an estimate of perennial yield, and made recommends for
production well pumping,

Berger, Ponce, and Ross, 2001, Hydrogeologic Framework ofAntelope Valley and
Bedell Flat, Washoe County, West-Central Nevada, 11 pages with 1 plate.

This USGS study, prepared in cooperation with WCDWR, evaluated the hydrogeologic
structure of Bedell Flat, including thickness of basin-fill materials using gravimetric and

seismic-refraction geophysical methods.

WCDWR — ongoing data collection.

Washoe County Department of Water Resources is currently collecting precipitation data

from 8 stations installed In Bedell Flat late in 1999. Data collection is on-going and is

planned to continue for two more years. Water chemistry testing from springs on the
southern flanks of Dogskin Mountain has also been conducted by WCDWR. This data
collection and the 2001 study completed by the USGS (Berger, and others, 2001) is part .
ofan on-going WCDWR program to assess water resources in basins in southern Washoe
County. * * • ;

Geologic Setting - . . ' - ' '<> '.Y-. . .

1

I

I

i

Bedell Flat is within both the Great Basin and the Basin and Range, Province as defined
by Fenneman (1931). The valley is generally oriented in a north-south direction, as is

! typtcat or oreat basin valleys. However, the valley tloor exhibits a northwest orientation

in the northern portion, vHth a perpendicular northeast orientation in the South (Figures 2
and 5). Basins in the vicinity (including Warm Springs Valley and Dry Valley) also

I . 88

itionalzone

Cltu.g

I interpretations of Bell (1981)

• 1

The oldest rock outcrops in the basin occur near the southeastern basin boundary in a part
rf-v P'Cu'y, ^ M k rt . b fct AU m a. J ^MA ' I ^ Am rt' M 'm i—fl i'.Tu amam a -l a ata /^ A t!l 1al f A j4 IMA kl 1 , ' . . . '

metamorphic rocks of volcanic origin (Peavine Sequence as described by Bonham
•i a,-a\ . mi ;• ,'r.i •« • «" *' •' :.** ''a' '•••«'

I

I rocks of Createous age (144 to 65 mya) The Sand Hills, Dogskin Mountain, much of
Fred's Mountain and the unnamed hills on the eastern side of the basin are composed of

this granite. Younger volcanic rocks can be found overlying the granitic rocks on the
western part of Dogskin Mountain, and a small part of Fred's Mountain. These volcanic
r-A/ikc arn rvkrf «f' lli a UTJ 1 1 U UtiAlitA H.EJaIv to 'onri<i<»4/l nrimimlvAf tcK-fljVnr

tuffs (Bonham, 1969).

I
Alluvial val ley fill covers bedrock in the central portion of the valley, and wr s derived by v-! :

;
uvi

liI
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