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Executive Summary

The Southern Nevada Water Authority (SNWA) proposedetvelop up to almost
35,000 af/ly of groundwater in Cave, Dry Lake and Delamareysibf eastern Nevada.
The targeted valleys lie at the upgradient end of the ViRter Flow System. The three
valleys are lightly developed, with just a few hundaede-feet of underground rights in
Cave and less than a hundred in Dry Lake and DelamatrthB basins downgradient
from Cave, the White River Valley, and from Dry Lakeldelamar, the Pahranagat
Valley, are fully developed. Their surface water systestreams and springs, are fully
appropriated. Interbasin flow from upgradient basins suppletspring systems in the
downgradient valleys.

Recharge estimates to Cave Valley range from about 9Q¥DGD af/y, but the
majority cluster around the Maxey-Eakin estimate of 14d00 Similarly, groundwater
discharge estimates within Cave Valley range from O tostir000 af/ly. The depth to
groundwater water exceeds 100 feet in most of the basirefore most of the discharge
results from two major spring systems and from mouritaint recharge directly to the
alluvium near Cave Valley Wash and totals about 1200 &apturing this discharge
would require numerous wells spaced in specific locationisd valley, but the springs
each have water rights to them. The remaining rechargeerbasin flow to White River
Valley where it supports spring flow and underground watétsig the heavily
developed southeast quadrant of the valley. Based @mtbent of water rights and the
evapotranspiration discharge rate, the southeast patithe White River Valley
depends on interbasin flow.

Dry Lake and Delamar Valleys have 5000 and 1000 af/y of rgeltmsed on the
Maxey-Eakin method, respectively. There is no disghavithin the basins, so the entire
amount discharges as interbasin flow to Pahranagat Vdliéya major part of the
interbasin flow supporting springs and water rights withat walley.

The perennial yield (PY) of a ground-water reservoir magidimed as the
maximum amount of ground water that can be salvagedyeactover the long term
without depleting the ground-water reservoir. Perenniadl ygeultimately limited to the
maximum amount of natural discharge that can be salMagé&eneficial use. The
published perennial yield for Cave Valley is 2000 af/y which, b&eat is so much less
than the recharge estimates, reflects the diffidaltgctually developing or capturing the
interbasin flow from that valley. The published perenyirld for Delamar and Dry
Lake Valleys is 3000 and 2500 afly, respectively, which, basdbteorecharge estimates
of 1000 and 5000 af/y, cannot be correct. If the perennial fjpeldry Lake Valley is
half of the interbasin flow, then PY is 2500 af/ly PYthke PY in Dry Lake Valley is
developed, only 2500 af/ly would inflow to Delamar Valley. ®ovad with the
recharge, there would be 3500 afly left to be interbaswm 6 Pahranagat Valley. If half
of the interbasin flow is PY, the PY for Delamarwiebe 1750 afly; the PY for Delamar
can be 3000 af/y only if all of the interbasin flow fr@ny Lake Valley remains. The
total for the two valleys would be 4250 afly if the total Dry Lake Valley is developed.



Considering the uncertainties, it is reasonable to theatalleys together with 6000 afly
of recharge and interbasin flow to Pahranagat Vallelyshate that total perennial yield
from the two together is 3000 afly.

The analysis herein considers two development amoantkd three valleys, the
full application amounts approximating 11,500 af/ly and the phadigperennial yield
from each valley. There is insufficient water aablé in the White River Flow System
to provide for these applications without substantiaillyidishing the groundwater
available further downgradient. Either amount of dewelent will decrease the
interbasin flow from the basins and negatively affexstigradient water rights and
spring flow (Table ES-1). Pahranagat Valley is the rdogtnstream valley in the
system; developing either SNWA'’s application amountergublished perennial yield
will cause discharge from Pahranagat Valley to becomative once steady state
becomes reestablished (Table ES-1).

Table ES-1: Water budget analysis for the White River Flow Syem for full
development of SNWA'’s water rights applications in Cave, Dry bke and Delamar
Valleys. All flows in acre-feet/year.

Interbasin GW GW
Basin Recharge Inflow Discharge | Use Outflow |[To Comments
Garden/Coal Valley 12000 0 421 11579 | Pahranagat
Cave Valley 14000 1200 | 11618.9 1181 | White River
Dry Lake 5000 0 | 116405 -6641 | Delamar
Delamar 1000 -6641 0 | 115911 -17232 | Pahranagat
48 kafly inflow from
Steptoe and Jakes
White River Valley 38000 49181 76700 8776 1705 | Pahroc Valley
Pahroc Valley 2200 1705 0 30 3875 | Pahranagat
Coyote
Pahranagat Valley 1800 -1777 25000 8692 -33670 | Springs
Coyote Spring/Kane Muddy
Springs Valley 6000 -33670 0 -27670 | Springs
Recharge: Based primarily on reconnaissance reports
Interbasin inflow: Flow into the basin from one or more upgradient basins.
GW Discharge: Discharge from the regional aquifer within the basin — either by evapotranspiration or Springflow.
GW Use: consumptive use by water rights

Groundwater modeling using a widely accepted U.S. Geolo§igaky model
shows that the impacts of developing these water ngititexpand rapidly. Pumping
SNWA's full applications would cause drawdown at the Daike and Delamar proposed
carbonate wells to exceed 200 feet after just 8 yeafZawe Valley drawdown would be
40 feet. The drawdown cone would expand quickly into WhiverR/alley. Low
permeability in the center of Cave Valley may prevepaasion of drawdown from the
south half of Cave Valley, where the wells wouldcbastructed, into north Cave Valley
where the natural discharge from Cave Valley occhrawdown expanded to the west
substantially more than to the east as would be exp&otedhe primary discharge
being interbasin flow to the west. Topography and kamgmissivity prevent the
expansion of drawdown to the east for 100 years. The 2@faatdown approaches but
does not fully encompass the springs in White River ahdalpagat Valleys. Even after
2000 years, the 20-foot drawdown will have expanded past tmgsout will be less
than 20 feet at the springs due to the high transmissigay those springs.



Drawdown caused by pumping at the perennial yield ratessthan for pumping
at the full application rate. The biggest differenciha the drawdown is not as great
near the wells as it is for the full applicationeratl he rather small difference reflects the
rapid spread of the drawdown cone and the rapid impact cousding springs.

Spring flow reductions occur quickly in response to the edipgrdrawdown.
Full development of the applications will cause MoaveRand Hot Creek Springs to
lose a third of their flow within three years; everiiyuthese springs go dry. The
Pahranagat River Springs lose about 2 cfs within 20 yiegl; harming water rights’
holders dependent on the springs. Over 2000 years, thé&dowPahranagat Valley
springs reduces by about one-third. Due to drawdown slowlgrekng east, the Panaca
Hot Springs flow will be reduced by 0.5 cfs; this occurs ialley which does not have
an interbasin flow interchange with the targetedrsasnder natural conditions. For
pumping the perennial yield, the impacts to Moon River and He¢lCsprings
commence immediately but less precipitously. After 5€érythe flow decrease is just 1
cfs; the total decrease after 2000 years is just 2.5Sfsilarly, the total decrease for
Pahranagat Valley springs is just 2 cfs after 2000 years.

There is not sufficient groundwater available to grantveaer rights from these
applications. Any water that is developed will rapidiget downstream springs. These
applications should be totally denied.



Introduction

The Southern Nevada Water Authority (SNWA) proposesetvelop up to almost
35,000 af/ly of groundwater in Cave, Dry Lake and Delamaryslbf eastern Nevada
(Figure 1). The Las Vegas Valley Water District (LVV\illed six water rights
applications, which were later transferred to SNWAhimithe three target basins in
1989 (Table 1), along with other applications for water rightsany other eastern
Nevada basins. Numerous people and organizations protesseddapplications. The
Nevada State Engineer began acting on them in 2004 SIH&YA finally pushed for
their consideration.

Currently, the Nevada State Engineer is consideringg¢bend set of
applications. The first set regarded four valleys inDkath Valley flow system,
Tickapoo North and South and Three Lakes North and Seetie, held (Nevada State
Engineer Ruling 5465). The State Engineer then commem@thfs on applications in
Spring Valley, Snake Valley, Cave Valley, Lake Valleyldbelamar Valley. He held a
protest hearing concerning applications in Spring Valléyaptember 2006 and issued a
ruling in spring 2007 (Nevada State Engineer Ruling 5726). Staee Engineer will hold
a hearing for Cave Valley, Dry Lake Valley and Delaatey applications (Table 1) in
February 2008. This evidence report provides data, anatyiseasoning for that
hearing in support of the protestant’s argument that ttie Et@yineer should deny the
applications.

Table 1: SNWA's Water Rights Applications for Cave, Delamar andDry Lake

Valleys
Div Rate Annual Duty
Basin Application Legal Description (CFS) (AFA)

Cave Valley
180 53987 SWNW S22 TO6N R63E 6 4343.8
180 53988 SESE S21 TO7N R63E 10 7239.7

Delamar
182 53991 SENE S4 T05S R63E 6 4343.8
182 53992 NENE S15T06S R64E 10 7239.7

Dry Lake
181 53989 SESW S30 T02S R64E 6 4343.9
181 53990 NESE S8 T02S R65E 10 7239.8

The study are for this analysis is the entire Caloigiver Flow System which
includes the targeted basins (Figure 1), surrounding basins amgjidalent basins
which may receive interbasin flow originating in thegeted basins.
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Figure 1: Location of target and surrounding basins, select simgs, perennial
streams, and SNWA'’s water rights applications (see Table dif description).



SNWA Water Rights Applications

The water rights applications show the diversioa eatd annual duty as reported
on Table 1 but Schaeffer and Harrill (1995) analyzed pumpéaee e Cave, Delamar
and Dry Lake Valley of 2000, 3000, 2500 afly, respectively, whatyaing the impacts
of developing these applications. These pumpage valuestbgumlblished perennial
yield values for the basins (NV State Engineer 1971) and uwsa@ based on a written
communication from the Las Vegas Valley Water DistriChe applications total 11,583
afy for each of the three target valleys.

The only indication as to whether the applicatioforsvalley fill or carbonate
water is the description on the application that sgsource is “underground basin” or
“underground rock aquifer”. The assumption is that undergtaock aquifer is the
carbonate aquifer. The three 10 cubic feet per secosidafmblications are assumed to
be for carbonate aquifer water; the others are fan#lsvater.

Methods

Analysis presented in this report estimates whetleetis water available to
grant the applications and predicts the impacts of dangrhis includes consideration
of the perennial yield (PY) in light of the water budgetref targeted and downstream
basins. Predictions consider the effects of full dgualent of the applications and of the
amounts considered by Schaeffer and Harrill (1995). Spaltyfi it considers whether
there is sufficient water for the proposed interbéasinsfer by considering the water
budgets of the three target valleys and those immegiddeingradient as well as for the
overall flow system. The report discusses rechargehatige and interbasin flow as
estimated by previous studies and field verified (for groundveatgpotranspiration (GW
ET)) to determine the best estimate for a water budget.

The report considers the existing water rights andudgss the interdependence
among underground (UG), stream and spring rights. Wateisrfor each valley were
downloaded from the water rights database availableeo8tite Engineer's web page.
The report considers the existing water rights as agpdne overall water budget.

Much of the analysis depends on existing widely availeddearch reports
completed by the U.S. Geological Survey including studiegpéeted as a part of the
Regional Aquifer System Analysis (RASA) in the 1990s,dhginal reconnaissance
reports completed by the USGS and Nevada Department oéatisn and Natural
Resources (Eakin 1962, 1963 a, b and c), and reports prepared byD#Ai&VSNWA
in support of previous hearings or analyses completed in dupipbeir applications
(Brothers et al 1996, LVVWD 1992 and 2001, SNWA 2006).

New studies completed by the USGS under Basin and Ranger@se Aquifer
System Study (BARCASS) are also included. BARCASS incwddraft report to
Congress (Welch and Bright 2007) and a series of scemtifestigations reports issued
in final form (Flint and Flint 2007, Moreo et al 2007).



Considering that water budget analysis shows that thendwater originating in
the target basins is used in downgradient basins, thareimpact analysis to determine
how long it takes for the deficits to reach existingrggsiand water rights. Using an
amended US Geological Survey groundwater model of the matdgystem (Prudic et al
1995), the analysis estimates the time for impacts to gatpaestimates drawdown in
surrounding valleys, and predicts changes in flux to thaggr The original model had
been obtained from Dr. Dave Prudic of the U.S. Geolddgsurvey.

Perennial Yield

Perennial yield (PY) is the amount of groundwater thatoearemoved from an
aquifer, usually a basin-wide aquifer system, withoutiogus long-term continuing
drawdown, or without depleting the groundwater system. khgngi rates up to the
perennial yield will lower the water table, by removing triémsal storage, so that other
discharges from the system will decrease or ceBgeaeplacing natural discharges with
well discharges, a new equilibrium will theoreticadycome established. If the pumping
exceeds the natural discharges, the water table witlneee to lower and no equilibrium
will be reached. In a large basin, the design optiraping system may determine how
fully the perennial yield can be developed or whether dxuiln will be approached
even for pumping much less than the perennial yield.

Perennial yield has historically been considered to equsdroximate the
natural recharge to the system (Bredehoeft 2007). This ogwa®oome about from the
use of Maxey-Eakin recharge estimates in Nevada'siligsbasin reconnaissance
(recon) reports (Eakin (1962) is a recon report for Cavieyjal The Nevada State
Engineer published the 1992 Hydrographic Basin Survey which detaifgerennial
yield for most Nevada basins. Many of the PY estimaire based on the recon reports
and most of the recon report PY estimates were b@aséae recharge estimate.
However, the Maxey-Eakin methodology was set basdti@astimated discharge from
the basin, so the reality is that PY has most dfssmn set equal to the discharge. The
State Engineer perhaps best described the proceduredomaetg PY in a recent ruling
concerning applications in Granite Springs:

The perennial yield of a ground-water reservoir may be deéisgtle maximum
amount of ground water that can be salvaged each yeathevieng term without
depleting the ground-water reservoir. Perennial yieldtimately limited to the
maximum amount of natural discharge that can be salMagé&eneficial use.
Theperennial yield cannot be more than the natural rechargéo a ground-
water basin and in some cases is less. If ground-waétteirawals exceed the
perennial yield, ground-water levels will continually declarel steady-state
conditions may not be achieved, a situation commordyned to as ground-water
mining. Additionally, withdrawals of ground water in egsef the perennial
yield may contribute to adverse conditions such as vepi&iity degradation,
storage depletion, diminishing yield of wells, increasedginglifts, and land
subsidence.



In most of Nevada’s hydrographic basins, ground water ¢chdiged primarily
through evapotranspiration (ET). In closed hydrographimbatieperennial

yield is approximately equal to the estimated ground-water ETthe

assumption being that ground water lost to natural ET can beaptured by
wells and placed to beneficial use. However, many of thm&alsroughout the
state also discharge ground water via subsurface flow @oeujbasinsin

basins with substantial subsurface outflow, the perenniatield may include a
portion of that outflow ; however, the amount of that subsurface discharge that
can be readily captured by wells is highly variable anctdam. Perennial yields
for basins with no ground-water ET, that is, ground wiatdrscharged solely by
subsurface flow, has generally been established as equa-oalf of the

outflow. In hydrographic basins with both ground-water ET and sulzsurfa
outflow, the perennial yield has most often been detexdhio be the sum of the
ET and one-half of the subsurface outflow. Howeverdlaranany exceptions

to this general rule-of-thumb based on considerations of local hydrology, as
well asprior rights appropriated in other basins within the sameground-

water flow system (Nevada State Engineer Ruling 5782, page 9-10, emphases
added).

The only factor left unexplained by this passage is how rfithe interbasin flow into a
basin may be considered perennial yield within the receiasgb Otherwise, many
descriptions of PY in ruling 5782 apply to the consideratigmeoennial yield for the
basins being considered here. The next section consiehydrogeology, including the
water balance, of the basins so this section consiidyshe concepts and accepts the
arguments in the recon reports (Eakin 1962 and 1963a).

There is little GW ET from each of the target basiiThe recon reports (Eakin
1962, Eakin 1963a) found that all of the recharge, 14,000, 5000 and 1000Gdiye,
Dry Lake and Delamar Valleys, respectively, becomestasin flow. According to the
procedure described in ruling 5782, the perennial yield of CalleyMaould be one-half
of 14,000 af/y. But the published perennial yield is just 2000 affgléT) (NV State
Engineer 1971). This is probably because capturing any interfteas would be almost
impossible as described by Eakin (1962)

The apparent substantial ground-water underflow out of &alley further
complicates the evaluation of perennial yield. Pumpingn fneells might not
salvage much of this discharge unless the wells were dsilexs to intercept the
discharge or unless pumping resulted in the removal wbstantial part of the
ground water in storage in the valley fill. (Eakin 1962)ga3)

Eakin recognized that it would be necessary to lowewtter table substantially to
reverse flow gradients and prevent interbasin flove didl not estimate the PY. The
estimate 2000 af/y was apparently a compromise between shgingo water could be
developed and recognition that developing the full rechameéd require removal of
most of the stored groundwater and groundwater mining.



There is also no GW ET from Dry Lake or Delamalti&es; most of the recharge
therefore discharges to Pahranagat Valley (Eakin 1968 a)arAlthough not directly
stated, the assumption by Eakin (1963a) is that groundwates ftom Dry Lake to
Delamar Valleys. Considering the low divide betwdenwalleys, it would probably be
possible to capture some flow from Dry Lake to Delamaitey. Because most of the
5000 afly recharge in Dry Lake Valley probably dischargd3alamar Valley, the 2500
af/ly PY estimate is reasonable.



Table 2: Some basins within the flow system including thiarget basin, and the
published perennial yield and 1992 underground water rights.These values were
determined in the Water for Nevada (NV State Engineer 1971)

Basin Basin Name Area, Perennial Committed Designated
No. sq. Yield, Resources (Yes/No)
miles AF/YR AF/YR Date
(Nevada
portion
only)
180 | Cave Valley 362 2,000 13 | Jun-92 N
181 | Dry Lake Valley 882 2,500 56 | Jun-92 N
182 | Delamar Valley 383 3,000 7 Jun-92 N
204 | Clover Valley 364 1,000 3,690 Jul-92 N
205 | Lower Meadow Valley 979 5,000 | 29,680 Jul-92 Y
Wash
206 | Kane Springs Valley 234 Minor 0| Feb-92 N
207 | White River Valley 1,607 37,000 | 25,007 Jul-92 N
208 | Pahroc Valley 508 21,000 7| Jun-92 N
209 | Pahranagat Valley 768 25,000 9,714 Jul-92 N
210 | Coyote Spring Valley 657 18,000 0| Jun-92 Y
211 | Three Lakes Valley 311 5,000 521 Jul-92 Y
*. The committed resources will be reconsidered below. The values were published in the
source and must be updated.

However, the 3000 afly PY estimate for Delamar Vailleyot reasonable, unless
there is no development in Dry Lake Valley. In otverds, it appears that groundwater
has been double-counted in the determination of PY folLBkg and Delamar Valleys.
The sum of the recharge to Dry Lake Valley, 5000 af/g, tarDelamar Valley, 1000
afly, is 6000 afly. There is no discharge within thedkys, therefore the entire
recharge discharges to Pahranagat Valley. If theffD€tamar is half of the interbasin
flow out of Delamar, then the 3000 af/ly estimate isoeable. However, it would not be
possible to develop any water that would discharge to Rel&alley from Dry Lake
Valley; effectively, the PY of Delamar is 3000 affy rfdaonly if the PY in Dry Lake
Valley is 0.

Alternatively, it could be assumed that 2500 af/y Dry Leké#ey interbasin flow
reaches Delamar Valley with development in Dry Laledlay. It is not clear based on
ruling 5782 whether the entire interbasin flow minus thempaial yield should be
considered inflow for the purpose of determining PY inrdeeiving basin. If it is, there
would be 3500 af/y of interbasin flow from Delamar to Pahgat Valley remaining
after development of the PY in Dry Lake Valley. Basa using half of it, the PY for
Delamar Valley would be 1750 af/ly. This would reduce thg4rm discharge to
Pahranagat Valley to 1750 af/y from the original 6000 abgveloping the published
perennial yield would reduce the long-term discharge to 500 afly.
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However, it is not clear that this development canally occur. Eakin
recognized that salvaging the natural discharge could be predipexpensive, as the
following passage expresses:

Whether the magnitude of perennial yield ultimately equadd tetharge to the
valley depends upon the relative location of the argaupfping with respect to
the several areas of recharge to the valley, tla¢ioalof the area of pumping with
respect to the principal area of ground-water discharge orflovddérom the
valley, and the altitude of economic pumping levels wnadpect to the altitude of
natural discharge or underflow. In Dry Lake and Delavfalleys, the costs of
pumping relatively large quantities of ground water to modggreciably the
natural ground-water regimen to salvage all the natisehdrge undoubtedly
would be prohibitive for all but the most exceptional wagguirements...
However, it is conceivable that to salvage a large gaheoestimate 6,000 acre-
feet of average annual discharge from the valater levels might have to be
drawn down as much as 1,500 fedtelow land surface. (Eakin 1963a, page 19,
emphasis added)

A 1500-foot drawdown is not likely consistent with the ogpt of developing perennial
yield.

The perennial yield depends on estimates of dischargetlfi@imasins and the
interbasin flow depends on the difference in estimatescharge and discharge. There
have been new estimates made of all components ofatex balance of these three
valleys since the recon reports. The next sectluinesses basic hydrology, the
conceptual model of flow and water balance of the ttasgeted basins and the receiving
basins. As quoted above from ruling 5782, demands in downstiaesans lonay affect the
perennial yield or the amount of perennial yield in upstreaindésat may actually be
developed. The next section also considers the wgtes in the targeted and receiving
basins.

Hydrology of the Study Area
Geologic Setting

The study basins are part of the eastern Great Badilon of the Basin and
Range provinces of the western United States. Topographitedithree basins have
interior drainage. Alternating layers of sedimentagky; characterized by either clastic
rocks with minor amounts of carbonate rock or by caab®e rock with minor amounts of
clastic rock form the primary bedrock of the eastereaGBasin (Harrill and Prudic
1998) and the study basins. The carbonate and clasticaing&s from 5000 to 30,000
feet thick. Crystalline basement rock, commonly metg@mo and granitic rocks of
Precambrian age, underlies the sedimentary rock. nhe ggaces, including the high
points of the Schell Creek Range on the northeast boluGdve Valley (Plate 1), these
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older rocks outcrop. In some areas there are suladtantcrops of intrusive igneous
rocks; these include the eastern and southern boundssitithebasins (Plate 1).

Extensional faulting formed the present-day ranges asth& The basins that
formed during mountain building filled with eroded clastipdgts from the mountains.
Faults, including high-angle normal, listric normal dow-angle normal faults bound the
basins. Dry Lake and Delamar Valley lie in a “sudilyi closed trough” above the
surrounding valleys (Eakin 1963a). They are grabens wiih basinding faults.

Carbonate rock outcrops bound Cave Valley (Figure 2jicpkarly on the west
which is the Egan Range. The southeast side, in thell%ireek Range is also
carbonate. The southern end of the Schell Creek Réingies Cave Valley from Dry
Lake Valley (Figure 2). Inthe middle of Cave Valleycaabonate outcrop extends
northeastward into the center of the valley. Thdt$aend to lie in a northeastward
direction; the Shingle Pass fault effectively belt Hgan Range and exerted significant
controls on interbasin flow, discussed below. Grawiten$ the core of the Schell Creek
Range on the valley’s northeast bound. The south@the ranges consist mostly of
volcanic tuff.

The Cave Valley basin consists of basin fill, erodiedtic deposits from the
surrounding mountains. The southern portion contairigya @bout 1000 feet below the
northern portion; the north portion slopes southward swdnved by ephemeral streams
emanating from the surrounding mountains. The basiis tHickest under the playa,
ranging from 5 to 6 km (Schierer 2005), or up to 18,000 feet.ndtbern basin fill is
less than 1 km, or 3200 feet thick.
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Geology of Cave Valley
Stewart and Carlson 1978
Lines represent faults
See Plate 1 for Legend

Frepared by Tom Myers 8/20/07

Figure 2: General geology of Cave Valley

A mixture of tuffs, basaltic flows and carbonate rockrmts the west side of the
north half of Dry Lake Valley (Figure 3); further sowh the west, it is mostly tuffs and
basaltic flows. Carbonate rock may underlie the votceock as shown on the well log
for well 22450 (Appendix 1) discussed below and as indicateduoye?(1995). There
is also carbonate rock in the Schell Creek Range d#athe north end of Dry Lake
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Valley, also known as Muleshoe Valley, from Cave ®@ll Additionally, the volcanic
rock is highly faulted (Scheirer 2005). The basin fill isstty less than 1 km thick, but
there is a trough in the basement rock just east af@hter which thickens the basin fill

to as much as 8 km (26,000 ft). The thickest part correspuitiishe playa in the south
half of the valley.

Geology of Dry Lake Valley
Stewart and Carlson 1978
Lines represent faults

See Plate 1 for Legend

Frepared by Tom Myers 9/20/07

Figure 3: General geology of Dry Lake Valley
Primarily volcanic rock surrounds Delamar Valley (Figdye Substantial

northeast trending faults fracture the volcanic rodhensouthwest portion of the valley.
Brothers et al (1996) referred to fault zone as the Rabed shear zone. The basin fill
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mostly ranges from 1 to 2 km thick, but reaches a 6.5 kmrtegkunder the playa in the
southwest portion of the valley.

eology of D T
¢l Stewart and Catlson 1978
| Lines represent faults

See Plate 1 for Legend
Prepared by Tom Myers 9420007

Figure 4: General geology of Delamar Valley
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Hydrogeology

Harrill and Prudic (1998) define five types of hydrogeologitauini the eastern
Great Basin: (1) metamorphic, igneous, and sedimentakgrof Precambrian and Early
Cambrian age, (2) carbonate and clastic sedimenteakg if Middle Cambrian to Early
Triassic age, (3) sedimentary and igneous rocks of Mitiddessic to Quaternary age, (4)
older basin-fill deposits, and (5) younger basin-fill demosikthe primary water bearing
rocks, or aquifers, are the carbonate-dominated rocktharuhsin fill. The old
metamorphic, igneous and sedimentary rocks primarily fbieriower boundary below
which groundwater flow is non-existent or at least etgvant. Intrusive igneous rocks,
if fractured, also form excellent aquifers. HarrildaPrudic (1998) note a large volcanic
aquifer west of the study area in the Death Vallew fhystem.

Carbonate aquifers are highly heterogeneous with fittiteary permeability but
in areas with fractures very high secondary permealilitigh allows for very high
transmissivity over short distances. Maps of trassivity across the entire province
illustrate the variability as determined by calibratingesmdy state groundwater model
(Prudic et al 1995; see Figure 24 and 25 below). Conductiviygsdtom pump tests in
carbonate rock spanned seven orders of magnitude (Betcile2(91); faulted and
karstic carbonate rock conductivity values spanned fiversafenagnitude with values
as low as 0.01 m/d (0.032 ft/d). Pump test transmissivityegalepresent only the
aquifer thickness affected by the test and should not tigoheal by a larger thickness in
an attempt to represent a larger area (Fetter 2001).

Faults can affect flow significantly with some bgiflow barriers to transverse
flow and high conductivity zones along the fault. Thétfaore often is compressed with
fractures causing small particles and low porosity anthgability. Away from the core,
the fault fractures enhance the porosity allowing flow Ilfgri@ the fault. SNWA (2006)
calibrated a groundwater model centered on Spring Valleyhblutding the surrounding
basins, including Cave Valley. The model included numerauwitst the flow through
the faults was part of the calibration of the mod#&hth the Egan and Schell Creek
Ranges have mountain front faults. The mountain fiauit along the Schell Creek
Range north of Patterson Pass (fault 32 in SNWA (200@)J<across the valley (fault
40) and intersects with the carbonate outcropping imibdle of the valley and attached
to the Egan Range. Another mountain front fault (fatjt extends south along the
Schell Creek Range. The mountain front fault on th@rERange extends north from
Shingle Pass (fault 39) but not south. SNWA (2006) calibithiteakance values for
these faults in steady state. Those along the Smtikll Creek Range and north Egan
Range have high leakance values indicating they do not astibyeimpede the flow.
The fault spanning Cave Valley has a very low leakardieating it effectively
separates the north and south portions of the valleg. miduntain front fault south of
Patterson Pass along the Schell Creek Range alsoldnadesakance.
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Conceptual Flow Model

The three valleys lie in the middle of the carbenafick province (Harrill and
Prudic 1998). Precipitation, as in all of the Basin andg@ais much higher in the
mountains than in the valleys. The precipitatiorhegges in the mountains where the
geology is sufficiently permeable and at the mountaintfon the basin fill and alluvial
fans where the runoff emerges from the mountainsy Wée runoff reaches the playas
in these valleys and that which does evapotranspwoestie playa or surrounding
vegetation rather than recharging the regional baseuxyiifer.

Flow within the targeted valleys is relatively simpRecharge occurs as
described above but there is little discharge withinvdileys because they drain to
adjacent valley, as described below. In Cave ValleyJack of GW ET from areas
around the playa (Welch and Bright 2007) reflects the ¢hgroundwater flow through
the valley from north, where there is more rechat@gsputh. In all three valleys, most of
the discharge is to downstream basins rather than t&GW

At the regional scale, discharge from the carboagtefers occurs from large
springs emanating from the carbonate aquifer all dveeetstern Great Basin, to rivers
bounding the province, and to basin fill aquifers. Disgédo the basin fill from the
mountain bedrock supplements mountain front recharge by jmg\gdoundwater inflow
to the basin fill aquifer. In areas where the wédbte in the basin fill is sufficiently
close to the surface, there is GW ET from phreatopipyants whose roots reach the
shallow groundwater.

Basin fill aquifers tend to be phreatic, or unconfinBgcause layering causes
high vertical anisotropy, groundwater flow in deep layeay nesemble that in a leaky
confined aquifer. Initially, pumping at flow rates excegdhe rate at which flow from
upper layers can replace it lowers the potentiometriase deep in the basin fill below
the water table above it; this causes a vertical gnathat drives flow vertically
downward but the stresses may propagate quickly at depittnoate and fractured
volcanic aquifers are confined because the flow tends tlorbagh fractures and
conduits where dissolution occurs. Low primary conditgtconfines the fracture
zones. The potentiometric surface in fracture zonesespond very quickly at great
distances from the point of pumping when it occurs (B€a0).

Flow between basins, or interbasin flow, is a mpgt of the conceptual flow
model the area. The targeted basins lie at the “headsVaif a flow system, often
referred to as the White River Flow System (Eakin 1966 e™alley drains to White
River Valley and/or Pahroc Valley; Dry Lake Valleyadrs to Delamar Valley which
then drains to Pahranagat Valley (Figure 1). Faults raayflow barrier and help
control the location of interbasin flow. The Patagat shear zone may affect the flow at
the south end of the valleys by diverting groundwateh¢osbuthwest from Delamar to
Pahranagat Valleys. Various large subsurface magneticesomay correspond to
granitic rock or crystalline basement rock and be flowidaras well (Harrill and Prudic
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1998). The northeast portion of Cave Valley, in theeB&@reek Range, has an outcrop
of granitic rock which may impede flow to the east fronv&¥alley, if the gradient in
the water table would allow such flow.

Water Balance
The simple water balance for an aquifer systers fekows:
R+Qi = ET +Qo+AS

Recharge is R, ET discharge is ET jQnterbasin inflow and Qs interbasin outflow.
AS is the change in storage. At steady st¥ieequals 0. The following sections
consider the components of this equation for each &ddetsin and also consider
aspects of it for the basins which receive interbdsim from each targeted basin.

Recharge Estimates

Groundwater recharge is the meteoric water that redbbheggional groundwater
in a basin. There are two sources within a basinarb#sin and range region of the
Southwest and Great Basin: the mountain-block rechargy@en@untain-front recharge
(Wilson and Guan 2004). The relative importance of tleevavies with geology.
Mountain-block recharge is the diffuse recharge that oceasthe point the
precipitation falls (Flint et al 2004; Flint and Flint 200%)ilson and Guan (2004) break
down mountain front recharge into its components includififjration of streamflow,
mostly ephemeral in the arid Southwest, infiltratidiliffuse runoff from small
watersheds with undefined channels and direct rainfalluaderflow from the adjacent
mountain block through both fractures and porous media.

Underflow from the mountain block to the basin filtlharges the basin fill
aquifer; this occurs where there is a hydraulic connett@ween the basin fill and
bedrock. Runoff from the mountains usually percolatesutin the channel bottom and
becomes recharge at and downstream from the mourtain fFlint et al (2004)
developed a basin characterization model (BCM) which aeness diffuse recharge
based on the water balance of the soil layer wittdiE€harge and percolation into the
underlying geologic formation considered recharge. Theyepftieir model across the
Great Basin. Flint and Flint (2007) used the same meth@dsmaller portion of the
Great Basin, the basins contained within or intersgatith White Pine County. They
assumed that a certain proportion of the runoff, basdilerature values, becomes
recharge as well. The percentage of runoff that rgelsararies from very little to as
much as 90 percent depending on the aridity of the basitharaimount of runoff, but
the (Flint et al 2004, Flint and Flint 2007) chose 15 percergpresent the ratio for all
basins within the Great Basin. The sum of diffuse andff recharge is the estimate for
a given basin. Table 3 presents recharge estimatadbfoth Flint et al (2004) and Flint
and Flint (2007) for the study area basins.
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In Nevada, the Maxey-Eakin method (Maxey and Eakin 1949b&an used for
decades to estimate groundwater recharge for entire bdstesestingly, the original
report was a groundwater assessment for White Riveeyaibt a study of recharge
methods. The entire method is described in less tpanagraph:

[Determination of recharge] requires a determinatioestimate of average
annual precipitation for the drainage area, from whietrécharge is calculated
as a percentage. An estimate for the precipitatidherWwhite River Valley was
made from a precipitation map for the State of Nevadehich zones of average
range of precipitation are designated. The zonesiaded into the following
ranges: less than 8 inches; 8 to 12 inches; 12 to 15 inch&s205nches; and
over 20 inches. The amount of water from the succegsies that reaches the
ground-water reservoir is estimated as, 0, 3, 7, 15, and 2&npefcthe
precipitation in the respective zones. The percentaigeadapted for this area
from preliminary recharge studies in east-central Nevadese studies consisted
of estimating the ground-water discharge by natural ldsses13 valleys in
east-central Nevada. The recharge for each valéesyalso estimated, using the
rainfall-zone map as a basi¥he recharge estimates were then balanced by
trial-and-error with the discharge estimates (Maxey and Eakin 1949, pages
40 and 41, emphasis added)

Maxey and Eakin (1949) does not list the 13 basins uselldaralysis. The rainfall
map was the Hardman map of precipitation in Nevada. t@apidy, the discharge from
an entire basin was assumed equal to recharge withibdabkst and the recharge was
assumed to be from precipitation within the basin. Tleeipitation in the various zones
was weighted, by trial and error, with a proportioritsat the recharge in each zone
summed to the total recharge for the basin. The derivefficdents are the amount of
precipitation within the various precipitation bandg thecome recharge. They are often
called recharge efficiencies but they are not basedeasured recharge at a point and
should not be assumed to represent the actual amopreaybitation within a specific
precipitation band that recharges. Because the MaakinEoefficients were
determined by balancing precipitation estimates with digehastimates, the coefficients
are unique to the precipitation estimate method useddardharivation. The Nevada
State Engineer has ruled that the Maxey Eakin methmaldlonly be used with
precipitation estimates from the Hardman precipitatizag.

Avon and Durbin (1994) found that the method was reasonablyae as
compared with other basins, although the method mayitimzed because it does not
consider soils or geology. At the point where ralfsfar snow melts, the water will
either run off or infiltrate depending on the solil proestit will percolate if the
underlying geology is sufficiently conductive (Stone et al 200fithe bedrock is not
conductive, the percolation will be rejected and becmegflow or runoff — each flow
pathway may lead to stream channels. Much of the rumayfthen become recharge by
percolating into the stream channel — the majority otivleiccurs at the mountain front
where the stream discharges from the mountains tcatfey\(Wilson and Guan 2004).

! Kane Springs Ruling, #5712, pages 12-14.
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It does not matter where the recharge actually o@sitsng as it is above the
point of discharge which tends to be in the centereftileys where the groundwater
approaches the surface and the phreatophytes are cotextn{fae relations defined by
Maxey-Eakin are therefore accurate if the appropriaeipitation estimates are used.
But the recharge estimates must be considered basimwitiat a point (Stone et al
2001). It is not appropriate when modeling to force an ammfuigicharge into the
ground at a point when it may actually run downhill archagge at a more conducive
point. Table 3 also presents the recharge estimatéisefdargeted valleys determined
using the Maxey-Eakin method.

Kirk and Campana (1990) estimated recharge rates within the Wiver Flow
System using a simple mixing cell flow model calibratethuhe spatial distribution of
deuterium. Their estimates are also included in Table 3.

After Table 3, the recharge estimates for each ofditggeted valleys are discussed
and the best estimate for each is chosen.

Table 3: Recharge estimates by various methods for the targetéasins.
Flint Flint et

Recon et al al

Report or (2004) (2004) Flintand Kirk and

Water for (mean (time Flint LVVWD Campana
Basin Nevada year)  series) (2007) (2001) (1990)2
Cave Valley 14000 10264 9380 11000 19500 11999
Dry Lake 5000 10627 11298 13300 6664
Delamar 1000 7764 6404 4600 1926
White River Valley 38000 34925 30759 35000 35001
Pahroc Valley 2200 4432 4832 1994
Pahranagat Valley 1800 7043 7186 1508
Coyote Spring Valleyl 1900 5184 5951 5344
Kane Springsl 500 5421 6328 997
Garden/Coal Valley 12000 21813 18669 10994

1 - The recon report estimated 2600 af/y for Coyote Spring and Kane Springs Valleys together. The
estimates here are from Water for Nevada.

2 - Values adjusted from m*/s
Cave Valley

Recharge estimates for Cave Valley have a relgtsmhill range, from 9380 to
19,500 afly, but five of the estimates are 14000 af/y or Tessl¢ 3); the 14,000 afly
estimate of the reconnaissance report (Eakin 1962) wddarsboth of the published
groundwater models that include the basin (Brothers et al BM)8/A 2006). The high
estimate by LVVWD (2001), 19,500 afly, is not correct bec@usebased on using
Maxey-Eakin coefficients with different, and signifitly higher, precipitation estimates.
The Flint et al (2004) recharge estimates are lowertti@ivaxey-Eakin estimates from
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the recon report and the Flint and Flint (2007) estim@table 3. Flint and Flint (2007,
page 11) remark that Cave Valley is one of the only valleyghich the estimates are
very similar.

Although the methods differ, the similarity in theiesites lends support to each.
A recharge of 14,000 af/y will be adopted for this analyMest of the recharge flows to
other valleys, as will be discussed below, and ther® iway to independently compare
the ET discharge with recharge as in a truly closetesys

Dry Lake and Delamar Valleys

The recon reports estimate 5000 and 1000 af/y of rechargeyfdrake and
Delamar Valleys, respectively (Table 3). These esamaere similar to the estimates
determined with a deuterium analysis (Kirk and Campana, 1980nt et al (2004) and
Flint and Flint (2007) estimated substantially more reghar

These three basins were used in the analysis sporisotieel Las Vegas Valley
Water District that concluded the Maxey-Eakin estim&eshe 20 valleys that at the
time targeted with water rights applications had a tatakrtainty of only about 10
percent total (LVVWD 1992). Although there are problems whthmethodology, the
analysis showed these three valleys were in the grathéad a variability expressed as a
coefficient of variation of 0.25. This implies that 6 0%the estimates of recharge would
lie within one-quarter of the expected of the value héf¥Maxey-Eakin estimate is the
expected value, recharge for Dry Lake Valley has a 67%cehainbeing between 4750
and 6250 afly; similar values for Delamar Valley are 7501&%0D af/y.

The BCM is physically based in that it does deterstimwater balance modeling
to determine percolation through the soil to become rgehaBeing physically based, it
could be considered more accurate than Maxey-Eakin. ekeawthe input to the model,
climate data, results from a statistical model. PR&timated precipitation, used by
Flint and Flint (2007) overestimates the precipitatiowvdying amounts across the
Great Basin (Jeton et al 2005). PRISM overestimategpgetion for Cave and Dry
Lake Valley by from 6 to 15 percent (Jeton et al 2005, Figueesi®).

Parameters for the model, soil and geologic propedasdd be described with a
probability distribution. For example, the hydrauliexdactivity of the underlying rock
may have a wide variability but the BCM uses a singlee. If conductivity is high
enough to allow recharge, it is likely that most incesas the precipitation in the model
will become recharge. Therefore, if PRISM overeatas precipitation, it likely also
overestimates recharge. This may be reflected irollenving statement from the BCM
report: “Percent differences between BCM and MaxeywEdérived recharge were
consistently greater for basins in which limestond\wigh saturated hydraulic
conductivities were prevalent in the adjacent mountaigasi (Flint and Flint 2007,
page 11). These basins also had higher precipitationateim

2 The Flint et al (2004) method was the same as used byaRtinElint (2007), except for different cell
size. Itis possible the methods used different preatipn estimates.
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Because Maxey-Eakin was constrained using discharge tetiraad because it
has been found to have relatively low coefficieniatasn (Avon and Durbin 1994,
LVVWD 1992), the Maxey-Eakin method is probably the bestmage for these valleys.
Estimates made with the deuterium method of Kirk and CaenfflE990) support the
Maxey-Eakin estimates.

Downgradient Basins

Recharge estimates for White River Valley cluster betw30000 and 38000 afly.
This is the smallest range proportional to the magnittieephysically-based method
provides a similar estimated to the Maxey-Eakin methodk@yland Eakin 1949) which
will be used here for consistency with the estimade®ther valleys.

As with other southerly basins, Pahroc, PahranagdtGarden/Coal Valley
Maxey-Eakin (1949) recharge estimates completed in td@nneports (Eakin 1963 b
and c) are similar to the estimates made with the deatenethod (Kirk and Campana
1990). The Flint et al (2004) estimates are much highensi@ering the topography and
geology of the area, it is difficult to assess whaneost four times as much recharge as
estimated with the Maxey-Eakin method could go in PaaracPahranagat Valleys. For
example, the highest part of the Pahroc Valley isSs@man Range which is well
vegetated, including a stand of Ponderosa piné&eping Spring is a discharge point
with evapotranspiration for some of the rechargeen3baman Range. In Pahranagat
Valley, more than 80 percent of the valley lies belb&/& inch precipitation zone which
means there is no recharge in those areas. Foneedsscribed above concerning Dry
Lake and Delamar Valleys, the Flint et al (2004) estimate considered too high and
the reconnaissance level reports will be used herein.

Coyote Spring and Kane Springs Valley are differéntthis case, the deuterium
method estimates much higher recharge. As will be discuiselow, if the interbasin
flow from Pahranagat Valley is low or nonexistentyremurces of recharge for Muddy
River Springs must be identified. Kirk and Campana (1990) al@enuch more
recharge to Coyote Spring Valley occurs in the Sheegé&#tran previous accepted. For
this analysis the Coyote/Kane Spring Valley area rechaifbe set equal to 6000 af/y.
(Kane springs ruling, #5712)

Discharge Estimates
Discharge from the groundwater aquifers in a basin oacuveo ways: through

groundwater ET and through interbasin flow. This sedbonses on the groundwater
ET estimates from other studies.

% This is a personal observation by the author.

22



Cave Valley

Eakin (1962) noted that groundwater discharge from Caveyalenly a few
hundred acre-feet/year. “Ground-water discharge by easpiration probably does
not exceed a few hundred acre-feet a year. Evapotratispiof ground water is limited
to the area along the main drainage channel in the dlley, adjacent tributary
channels, and along channel in the upper parts of the alfprah where the water table
is at shallow depth, ..., and to the spring areas, ..., amdime&ardner Ranch” (Eakin
1962, pages 12-13, omissions from quote are legal descriptionsgretl&gical Survey
1:24000 scale maps (Parker Station, Cave Valley Well, Balbk Summit, and Shingle
Pass SE) do not show any green, indicating phreatoplajoes} the lower stream
channels which suggests the amount of phreatophytes isdimite

One reason to expect little GW ET is that most evidendicates that the water
table is not sufficiently close to the surface for gebwater ET. For example, the static
water level in all of the well logs available on thebapage of the Nevada State Engineer
show the depth to water in all of them exceeds 90 fieettwo wells 92077 and 92078
were essentially dry and abandoned (Table 4). While natranly distributed across the
valley, the well level in these wells indicate tta groundwater level is too far below
the ground surface for there to be groundwater ET discharge.

Welch and Bright (2007) calculated more than 1500 af/y ofli&@harge with the
primary ET units being meadowland, marshland and grassland énaaunts of dense
and moderately dense shrubland) (Welch and Bright 2007, Appehdibahle 5).

These units were in the Cave Valley subarea 1 whiobrih of Shingle and Patterson
Passes. ET discharge areas in subarea 1 mapped in Mat€2G97, Figure 4)
correspond with green areas observed from aerial phqtogess described below. Aerial
photographs show substantial areas of green along the\a#eg Wash at and north of
Parker Station (Figure 5), along Haggerty Wash about 1 & miuthwest of Parker
Station (Figure 6) and near the ranch at Cave Spring (Figur&€hese are the primary
potential discharge sites within Cave Valley.
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Table 4: Well logs including legal description and depth tstatic water level (ft bgs)
for Cave Valley. All data from NV State Engineer Web page (8/3Q7).

Log
No.
71199

7871
8605
22581

22582
92077
92078

8954
72899
72900
72901

78564

62885
62889

TWN
N11

NO9

N10

NO7

NO7
NO9
NO9
NO7
NO7
NO7
NO7

NO7

NO6
NO7

RNG
E6G3

E64

E64

E6G3

E6G3
E64
E64
E64
E6G3
E6G3
E6G3

E6G3

E64
E6G3

SEC

25

27

4

14

14
5
5

19

27

27

27

33

18
13

QTR
SEC
SE SE

SE SW
NW
NW
SW
NW NE
SW
NW NE
SE SE
SE SE

SE SE
SE SW
SE SE

SE
NW
SW

NW SE

Static

Total Water
Owner Depth Level
KINGSTON, BILL 140 91
U S BUREAU OF LAND
MANAGEMENT 315 258
WHIPPLE, KEITH 200 149
U S AIR FORCE 460 231
U S AIR FORCE 460 230
MULL, WILLIAM 150 0
MULL, WILLIAM 0
GULF OIL CORP 265 220
SMITH, CONNELY P 290 168
SMITH, CONNELY P 245 157
SMITH, CONNELY P 320 183
CONNLEY P SMITH
OPERATING CO 300 192
SMITH, CONNELY D 500 400
SMITH, CONNELY D 250 180
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F|g e phytes along Ca aIIey wash, observed to be demhrubs
domlnated by rabbitbrush. The area extends from Parker Sition on the south
north about 2.5 miles along the wash, or about 720 acres.

FlgureGPhreatophytes along HaggertyWash about 1.5 mlles southWetharker
Station. Parker Station is in the green area on the uppeight corner.
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Figure 7: Phreatophytes and drainage patterns near springs iG@ave Valley. The
northerly greenish area is the drainage below Sheep Springh¢ photo also shows
ranch house and water impoundment. The southerly strip odreen commencing
south of the light area is Cave Valley Spring and drainage. S&SGS 1:24000 scale
map, Parker Station for details in Figure 12.

As observed during a site visit, the riparian systemgaave Valley Wash
consisted mostly of dense shrubs dominated by rabbitbrusdvalley is narrow at this
location; the surrounding uplands are steep, older gr&ehoff from the many
ephemeral tributaries would likely recharge through téie@gam bottoms. One well, 180
N10 E63 S25A, is just 20 feet deep and located in the alluMioing £ave Valley Wash
(National Water Information System web page). Theldeptvater in this alluvium was
17.8 feet bgs in 1958, but between 2005 and 2007 it was less thaet (Ralele 6). The
rabbitbrush was drought-stressed, but not dead, during late®ept2007. The water
level apparently fluctuates seasonally as would be exgb@ctn alluvial aquifer
recharged by ephemeral surface flows. The low receningwater levels would be
consistent with water table lowered during a year vititle Imountain front recharge.
Because mountain front recharge is recharge to the lossharge from riparian
vegetation along the wash should be considered groundwstéadye. The area from
Parker Station to about 2.5 miles north and spanning ithié wf the lower terraces is
about 740 acres. There were no indications of recagstion along this area.
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Table 6: Groundwater Level observations for well 180 N10 E63 25A. dfa source
USGS NWIS web page, 8/31/07.
Obs Date Static Water Level (ft bgs)

7/15/1958 17.8
8/16/2005 9.14
8/16/2005 10.94
9/22/2006 13.9
11/15/2006 13.83
2/21/2007 13.4
5/29/2007 13.46

The area near Haggerty Wash is about 100 acres of slend®s. Haggerty Wash
is a tributary to the basin fill in the center oétballey and any streamflow infiltration
would be to the isolated aquifer along that tributary.lokohg Wilson and Guan (2004),
infiltration to the tributary alluvium would be considd recharge to the valley’s basin
once it discharges from shallow groundwater along the chémtiee basin fill in the
middle of the valley. This is because water in thimitary alluvium is not readily
available to valley-wide basin and development theredlfiuntaches the main valley
aquifer. In summary, streamflow losses, not groundwiaiedischarge, support this
riparian area.

Moreo et al (2007, Figure 4) shows a substantial aresdfalige near the playa
in the south half of Cave Valley. LVVWD (2001, page 4-36htiomed GW ET from a
“healthy stand of greasewood” near the playa. Duriagsite visit, this author found
this to be an area of shrubs north of the playa bestided as sparse shrubland
following the Moreo et al (2007) nomenclature (Figure 8YVWD (1d.) mentioned a
“monitoring well constructed on the southwest sidéhefplaya within the greasewood
assemblage showed the water table to be about 30 feet lagld surface” as proof of
groundwater discharge. The report provides neither tHadeetification, water level
hydrograph nor a reference for this well. LVVWIDL.] acknowledges that other wells in
the area have depths over 100 feet to water, theref@renbnitoring well apparently is
in a perched aquifer.
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Figure 8: Sparse shrubland north of the Cave Valley playa. Rito by Tom Myers,

9/25/2007.

Springs are part of the discharge from a basin i§ghng is from the regional
aquifer. Welch and Bright (2007) published a table of spimgise study area. The
database appears to have been derived from the USGS NVdlIBadat The springs
spread around the valley, but most are in the north(Rejfires 9 and 10).

Only one spring in the database for Cave Valley — Cavm&- has a flow
measurement, estimating average discharge to be 700 gpbouwirl100 af/y. This was
an average of two measurements, 400 and 1000 gpm (Welch aht B¥@y, Appendix
B). The water temperature is cold, aboutFRZuggesting the water does not circulate to
significant depth. There is a spring water right 4881, fuste 1060, dated 1/31/1918 is
for 0.751 cfs with a duty of 225.57 AFS. The discharge ratedyanalvide 543.7 AF
over an entire year. The spring emanates from unddated sediment at the valley
margin (Welch and Bright 2007). During the site visit, @lhor observed the spring
emanating from a small cave of which the back could ectgen with a standard
flashlight. The map (Figure 11) shows it located at #selof a 200 foot outcrop in the
middle of the valley — the light shaded area in Figur&fe outcrop is Pole Canyon
limestone and Pioche Shale which probably controls thegs(ffigure 2). The drainage
below Cave Spring was dry with just a few acres ofocwtbod and willow. Cave
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Valley Spring would be a significant portion of the a@budget if the 1100 af/y flow
rate is representative. During the author’s site \tisd flow was visually estimated
based on channel width, depth and velocity to be about 5 aised on experience,
water rights associated with springs usually exceedvbeage flow values. Considering
the observed spring discharge, the lack of riparian vegetaihd the failure for both
Eakin (1962) and LVVWD (1993) to mention the spring, it is lkidlat the average
discharge should be considered to be much less, probalohpre than 250 afly. This
estimate is based on professional judgment based onvetiderws, the channel below
the spring, and the water right.

The database also lists Sheep Spring (Figure 9), buindogsovide discharge
measurements. The temperature is 97ahd the spring is upland at almost 7400 ft msl.
It apparently emanates from unconsolidated sedimem. nfap also shows two unnamed
springs along the drainage below the spring. The geolagg show a Pole Canyon
limestone outcrop just north of the drainage; the umahasprings could emanate from
that or be Sheep Spring water that reinfiltrated onljisoharge further down on the
drainage. The aerial photograph (Figure 7) shows substapéigan areas, equaling
approximately half of a section (360 acres), but the map doie(Figure 11). This
appears to be dense shrubland. There is a vested sptergight, V02692, dated
11/25/1970, for 0.414 cfs in section 9 of TONRG63E, which is actdallynstream of the
spring. This is about 300 af/ly. There is also a vestedrsflow right, V01680, dated
1/8/1920, for 1 cfs used for stockwater.

Other springs shown in Figures 9 and 10 are either uplaaitioe base of the
mountains emanating from a drainage channel. Aeratshshow thin strips of green,
but field reconnaissance indicates most are seeps. disctyarge from perched aquifers
and are not considered groundwater discharge from the lecanise the water had never
recharged the regional aquifer system. The watehaliging from a perched spring
could become recharge to the basin fill.
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; Cave Valley,

wi e S

Morth Half

i| Location of Springs
«| Identified by BARCASS Study
Prepared By Tom Myers, 9/1/07

Figure 9: Map of northern Cave Valley showing location of springérom Welch and

Bright (2007). Basemap USGS 1:100000 scale Garrison UT.
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WILSON CREEK RANGE, NEVALA -UTAH i ; y aize

3 ;o
= Cave Valley, South Half
““. | Location of Springs
Identified by BARCASS Study
Prepared By Tom Myers. 9/1/07

Figure 10: Map of southern Cave Valley showing location of springsom Welch
and Bright (2007). Basemap USGS 1:100000 scale Wilson Creek Range.

In summary, three source discharge from Cave Valleyrgiwater: Cave Spring,
the riparian area along Cave Valley Wash and the ripamea along the channel below
Sheep Spring. As discussed above, the discharge from&}aing is about 250 afly.
The two riparian areas are both dense shrubs. Tineatstt GW ET rate for dense
shrubs in Cave Valley is 0.89 ft/y (Welch and Bright 200iMe rate is based on the ET
rate for the specific vegetation type and estimatedpptagon rate. The Cave Valley
Wash has 720 acres, therefore the GW ET from Caveylksh is 640 afly. The 360
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acres along Sheep Spring would have GW ET equal to 320Hfiy total discharge
from Cave Valley estimated for this analysis therefgproximates 1200 af/y.

{| Location of Springs
| Identified by BARCASS Study
Prepared By Tom Myers. 9/1/07

Figure 11:Map of northern Cave Valley showing location of springs from Welch
and Bright (2007). Basemap USGS 1:100000 scale Wilson Creek Range.

Properly spaced wells could intercept this discharge. alilneum along Cave
Valley Wash would probably require several shallow wellewer the water table over
the 720 acres. One well in the carbonate near CavegSpould lower the water table
to intercept that flow. A series of wells along the&p Spring channel would also
induce infiltration and take most of the discharge fronsgrengs. Therefore it is
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possible to capture the estimated discharge. SNWA'scapphs for Cave Valley are
both in the south half of Cave Valley. As proposkdsé applications would not capture
any of the natural groundwater discharge from the basin.

; Cave Valley
~| Showing Cave Valley and Sheep Springs
Base Map 1:24000 Parker Station Quad

Prepared By Tom Myers, 9/1/07

Figure 12: Detailed topographic map of Cave Spring, Sheep Sprirand vicinity.
Note that the map does not show green riparian areas.

Dry Lake and Delamar Valleys

These valleys may be grouped for the discussion off3Wiischarge because
neither has significant GW ET discharge and becauseatieegiscussed in the same
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reconnaissance report (Eakin 1963a). The dryness ofdheranifests in very large
depths to groundwater and in essentially no GW ET dischédiges great depth to water
below the playa areas of Dry Lake and Delamar Valgsludes evapotranspiration
losses from the ground-water reservoir in these \glleycept for extremely small
amounts adjacent to scattered springs in the mount@dagin 1963a, page 13).
Regarding those scattered springs, he summarizes the disaarge to be very little as
follows: “[o]nly a very small amount of ground waterdischarged from Dry Lake and
Delamar Valleys by evaporation and transpiration. #rehere ground water evaporates
from soil or from free-water surfaces or is transgiby vegetation are restricted to
isolated areas adjacent to the few small springski(EE063a, page 18). He estimated a
spring near the Meloy Ranch discharged at about 20 gpmnchM&63. No such areas
were identified in Delamar Valley.

A well log query for Dry Lake Valley on the State Emggr's web page found
two relatively shallow wells, logs 10702 and 10864, with stasiter level just three feet
below ground surface. The actual log is difficult to rdamyever, and the water right
permit for each, numbers 23978 and 22477, respectively, shea/wedls are in Panaca
Valley, basin 203. The legal descriptions from the quexyraareas that are unlikely to
have wells (no roads and on steep land). Therefase¢@ncluded that these well logs
do not indicate shallow groundwater in Dry Lake Valley.

LVVWD (2001) estimated that both Dry Lake and Delamai&yal have 1000
afly of GW ET discharge. It calls the amount a tokendtcount for local spring
discharge that is consumed including evaporation from $ait” (LVVWD 2001, page
4-38). The springs are in the mountains and are very dimai,certainly do not
discharge flow close to 1000 af/ly. They are also @erethich means they are not a part
of the basin’s groundwater system; discharge from thentain-block springs should not
be included as GW ET discharge from these valleys. Comnsidtiat the “token” is a
large proportion of the estimated recharge, it shouldeatsed as the discharge from the
groundwater in these valleys..

GW ET discharge from both Dry Lake and Delamar eqissisrially O for this
analysis, as found by Eakin (1963a).

Downgradient Basins

White River Valley is a complicated valley. Considgrthe basin receives
38,000 afly of recharge and more than that quantity of msartflow under natural (pre-
development) conditions, there was substantial natigetharge from the basin. The
interbasin flow supported many springs in White River Vall&he total average White
River Valley spring flow reported in Welch and Bright (20&724,700 gpm (39,700
afly). This flow rate is close to the 40,000 af/y repsbiig Maxey and Eakin (1949, page
42). That the Welch and Bright (2007) estimate includes raddyional years of flow
rates (and a few additional small springs) but the tetahins very close to that
estimated in 1949 reflects the consistency and regiommh @f the spring flow. Spring
flow varies both seasonally and annually, but the l@ngitaverage is stable (Figures 13
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and 14). The flow measurements do not coincide suffigi¢atgblot a meaningful
hydrograph of total flow for the valley.
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Figure 13: Discharge hydrographs from selected springs in Wite River Valley.
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Figure 14: More discharge hydrographs from selected springs White River
Valley.



Under natural conditions, this spring flow would have becsew®ndary recharge
supporting phreatophyte transpiration throughout the valiégxey and Eakin (1949)
estimated the total annual GW ET equaled 34,000 af/y and includeddiote
phreatophytes and cultivated plants; the Water for Nexequtat estimated GW ET to be
37,000 afly. Secondary recharge of the spring flow likeppsrted high water tables
and the 36,000 acres of phreatophytes observed by Maxey aind E240Q). Areas near
the springs or the channels below the springs would hadehreatophytes or been
irrigated with spring flow. Springs support most of theatn water rights as discussed
below; most spring and stream water rights were issuedtprl1949 (Figure 15).

The Welch and Bright (2007) GW ET estimate for WhitegRValley is 76,700
afly, which is much higher than other estimates. WatwhBright (2007) used satellite
photographs to measure the area with phreatophytesgatéui areas that once had
phreatophytes and found that GW ET potentially occurred t2@/508 acres, or more
than three and half times that estimated by Maxey akthE#949). The biggest
difference is 119,101 acres of phreatophytic shrubs in sadatbée southeast portion of
the valley. Welch and Bright (2007) applied an ET ratd¢odifferent areas utilizing up-
to-date research; the rate estimates are less tha@ tised by Maxey and Eakin (1949).
They also estimated in the Water Use section (WahchBright 2007, Appendix A) that
there were 6078 acres of irrigated agriculture and 18,031 attynsimptive use from
that agriculture. The increase in irrigated agriceltcwincides with the increase in water
rights in the valley, particularly of groundwater (Figaes.

White River Valley
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Figure 15: Application dates of water rights in the White Rver Valley. The figure
shows that stream and spring rights were developed first antthat UG rights were
developed later.
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The determination of water availability in the Whitev&tiValley and the entire
flow system depends on an accurate estimate of GWadtgeh It must be assumed that
the recent estimate, in BARCASS, is more accuratause of the modern technology
and research. Unless it can be determined that the pphgt area likely increased
since 1949, it must be assumed that the current estismatereferable long-term pre-
development estimate that can be used for water buddgtesennial yield analysis.
Any increase from 1949 to the present is likely due to thehnmcreased groundwater
pumpage or the ongoing irrigation with spring water if ised in a way that the return
flow raises the water table or otherwise caused thejpbyte area to expand. Most
UG rights have been permitted or certificated since 1B#gfie 15). Trends in the water
levels could represent changes in the phreatophyte areas

Water levels in White River Valley were consideredeneral ways to determine
whether the 2007 GW ET estimate from Welch and Bright (2@fesents the long-
term conditions. This included an assessment of M&atels around the valley, the
location of most wells, and hydrographs of well levat®tighout the valley.

A summary of static water levels from the NevaddeSEngineer’s web page
showed a slight trend toward shallower water levekhe south portion of the valley
near the location of high GW ET (Figure 16). The statter level line shows a varying
trend toward deeper levels with township moving north. Apkmegression of static
water level with township from the south, startinghwtbwnship 6N, had a coefficient of
2.36 (p=0.032) indicating that on average the static wateid are 2.36 feet deeper for
each township moving north from the zone of township 6Nes€& results show the
groundwater is shallower in the south where most o &WWeET occurs.

A large majority of the wells constructed since 194%werthe north part of the
valley; of the 342 wells in the data base, there werenEd8 in the zone of Township 12
N (Figure 16). This is outside of the primary area of ESCltrge.

Also considered was the water level trend throughauvaliey. If water levels
had become shallower, the phreatophyte area may hpaaded since 1949. This could
have been due to anthropogenic effects including secoretargrge from irrigation
raising the water levels in one part of the valleyisTcould be increased recharge of
surface water or redistribution of groundwater which wdnalde occurred due to
pumping in one area and irrigating in another. Trendgater level were considered
using hydrographs downloaded from the National Water Inform&ystem (NWIS)
which includes water levels from many of the wells in WIktiver Valley. For this
analysis, all hydrographs with more than two obseraatand with one of them being
collected since 2000 were considered for trends. Ther nvany wells with three
observations but with the third (most recent) being 1984;is not representative of
2007 conditions and these wells were not utilized. Als®first observation in many of
the hydrograph apparently is the static water level d@tedrpon well construction.
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White River Well Logs
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Figure 16: Location, depth and depth to water of wells as aifction of their north-
south location as defined by township in the White River Vigy.

In the southernmost portion of White River Valley, thetav levels either show
no trend or a slight trend to shallower levels (Figure I3roundwater levels in the well
with the shallowest level, in Murphy Meadows in the nedalf the large phreatophyte
zone, remained at less than ten feet. This wouldrmosto support phreatophytes. Two
other wells with static levels exceeding 60 feet trendechugisviess than ten feet since
the 1980s; the depth of each of these is about 100 feeb#mtibwithin five miles west
of the Kirch Wildlife Management Area. With the up@ayround slope to the west, the
water level near the springs near the wildlife managerarea is relatively flat. But the
trend has occurred in an area without substantial imigauggesting the trend may not
be due to irrigation return flow.

None of the wells in the central part of the vaképwed any long-term trends
(Figure 18). During a wet year, the public domain well # 25 as=zé to the ground
surface from its long-term tendency to vary between 8l&n@et; these variations
appear to be due to wet-dry cycling. The Wilson MeadowstWell has dropped ten
feet since its first reading, but this could reflectithiBal water level, likely the static
water level recorded after well construction, not beipgiléorated prior to the first
reading. In fact, changes such as this indicate afedsallow groundwater in the well
draining into more conductive zones deeper in the wellceiedy the well may have
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causes a hydraulic connection between two shallow lageyagh an area with high
vertical anisotropy.

In the northernmost wells, only seasonal or annuéldmecycling is apparent
(Figure 19). This is the area of extensive well developniern the water levels indicate
that the well development has not yet depleted the groatedwstorage.

White River Valley Water Level Hydrographs
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Figure 17: Hydrograph of five wells in the southern part of Wlite River Valley.

White River Valley Water Level Hydrographs
Central Townships
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Figure 18: Hydrograph of six wells in the central part of Whte River Valley.
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White River Valley Water Level Hydrographs
Northernmost Townships
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Figure 19: Hydrograph of four wells in the north part of White River Valley.

Groundwater level trends in the White River Valley doexilain the changes in
phreatophyte area or the increase in GW ET dischargeedpn BARCASS. The
higher estimates must be due to improved delineation o&fpkyte area in the White
River Valley, although the GW ET rates in Welch an@yBr (2007) are less than
assumed by Maxey and Eakin (1949). The conclusion thbatigroundwater discharge
from the White River Valley for the purpose of this s is 76,700 afly.

There are no phreatophytes in Pahroc Valley otheralfaw near perched
springs. GW ET discharge for this basin is effectiveloz

Pahranagat Valley is a unique situation because alrhadtthe available water,
both surface and groundwater, depends on interbasin groundl@ate Local recharge
is minor, but total spring discharge is approximately 25,000(B#kin 1963c), as is
published perennial yield. The springs contribute to basefisgveral streams and
provide the water that supports wetlands and lakes oratimaiagat National Wildlife
Refuge. Eakin (1963c) estimated there were 20,000 af/y of GWbEn phreatophytes
and 5000 afly of lake evaporation.

Welch and Bright (2007) did not estimate GW ET from Palgaingalley
because it was not in the study area. However,rdeed discharge in Pahranagat Valley
appears to be better defined. Eakin (1963c) found that énerabout 8000 acres of
valley lowland south of Hiko. This shows well on ani@ghotograph of the area
(Figure 20). He also found that about 6000 acres had awhaditer table which would
have a 3.0 foot per year GW ET rate with 1.0 ft/y orrémeaining 2000 acres. The
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valley is well confined with sandstone and volcanic mgs, therefore it is not likely, as
it was in White River Valley, that there substantimoaints of additional phreatophytes.
Additional areas were not noticed during a site visit. IMoicthe riparian area below
Hiko includes large cottonwood trees and other woody vegetétiemate used by Eakin
(1966) may be low for this vegetation type but the rate asy account for a low
density observed in the area. For this study, the GWligcharge from Pahranagat
Valley is 25,000 af/.

Figure 20: Preatop e and narrow ripr n zo along the Pahraagat River
between Hiko and Pahranagat Lakes.

Interbasin Flow Estimates

The recharge estimates in Cave, Dry Lake and Del¥iaeys exceed the in-
basin discharge estimates substantially. The exgressmidwater, the amount that
recharge exceeds discharge, becomes interbasin fldewtngradient basins: White
River and Pahranagat Valleys. This section consithergeologic and hydrologic
constraints on interbasin flow to assess wheredtiearge may go.
Cave Valley

Most researchers have considered Cave Valley teegetve inflow from
surrounding basins (Eakin 1962). Welch and Bright (2007, BJadaggests that flow
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between Steptoe and Cave Valleys is possible becagrgeate no geologic barriers but
also that there is a groundwater divide between theygllHigh mountains and the
consequent higher recharge cause the groundwater divideusBdbare is no barrier,
however, significant pumping in the north end of Caadley could lower the
groundwater divide and divert water from Steptoe Vall€lge groundwater divide
between Cave and Steptoe Valley creates a gradient whidth have groundwater
flowing to the northwest to White River Valley as weallased on this gradient, most
recharge in the Egan Range portion of Cave Valley waddhr White River Valley
without becoming part of the main aquifer system ineCdalley.

The potentiometric surface for the carbonate aquifer hdddi in Welch and
Bright (2007, Plate 3) shows a general gradient fromteasest from Cave Valley to the
White River Valley. This also reflects the elevatifierence between valley floors in
Cave Valley (from 7000 feet in the north to 5500 feehendouth) and the White River
Valley (from less than 6000 feet in the north to 5000 ifegte south). Welch and
Bright (2007) estimated a flow of 7000 af/y to the White RWalley based on water
balance and geochemistry (Welch and Bright 2007). Basédeoust the recharge and
discharge within Cave Valley determined in BARCASS, flbm would have been 9,300
afly (Welch and Bright 2007, Plate 4).

Most other estimates of flow from Cave Valley to VEHRiver Valley are much
higher than those in BARCASS. SNWA (2006) estimatedttieentire recharge,
14,000 afly, flows through the Egan Range to the White Riedley. LVVWD (2001,
Table 6-1) estimated that 15,000 af/y flows from Cave VYdbeWhite River Valley, but
this estimate was based on very high recharge and Eiaess (see discussion above).
Eakin (1962) indicated that almost all of the rechargéawe Valley becomes interbasin
flow. Because no regional springs occur in Dry Lake or atavalleys, and because
those valleys lie above the surrounding valleys thecedgting a gradient to the west,
Eakin (1963a) implies that most flow is to the regimmings, such as Lund and Hot
Creek Springs (Eakin 1962, page 10). Eakin (1963a) does not éxjaddess flow
from Cave Valley. Eakin (1966) noted that interbasin feaviers White River Valley.
This conclusion countered an earlier assessment hetheatda! of the interbasin flow
into White River Valley was from the north, speciflgdfom Jakes Valley (Maxey and
Eakin 1949).

No previous or current studies conclude that, under natonditions, there is
groundwater inflow to Cave Valley. The difference bstwrecharge and GW ET
discharge is interbasin flow to WRV. Based on rechangedsscharge estimates in this
analysis, the interbasin flow to White River Valley1800 afly. There is no interbasin
flow to Dry Lake Valley.

Delamar/Dry Lake Valley
The west side of the north half of Dry Lake Valleybbunded by a mixture of

tuffs, basaltic flows and carbonate rock (Figure 2) hierrtsouth on the west, it is mostly
tuffs and basaltic flows. However, carbonate rock magerlie the volcanic rock. The
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well log for well 22450 (Appendix 1), drilled to 2395 feet, shmmy 145 feet of

volcanic rock overlying almost 2000 feet of carbonate rodke Water level is 853 feet
below ground surface, therefore the volcanic rock wouldpretent flow. The log does
not show the elevation, but Bunch and Harrill (1984)thst water surface elevation to be
4539 feet msl; the water temperature was listed &5 B@refore there is evidence of
deep circulation. The well is not screened, but ratheased to 2395 feet. This suggests
the water level represents pressure occurring at thét dethe carbonate rock.
Groundwater flow to the west, to Pahroc or Pahranag#&tywebuld occur along the
western bounds of the valley.

Delamar Valley is surrounded primarily by volcanic rock(iFe 4). However,
substantial northeast trending faults occur in the seeghof the valley. It is through
this zone, often referred to as the Pahranagat shear(Boothers et al 1996), that
groundwater is most likely to flow to Delamar Valley.

Eakin (1963a) indicates that Dry Lake and Delamar Vdikewn a “surficially
closed trough” above the surrounding valleys. They atgegsawith basin bounding
faults. The elevation may preclude interbasin inffomwn the east. Based on gradients
observed by Eakin within the centerline profile of thdexad, Eakin (1963) determined
that groundwater probably flows from Dry Lake to DelaMalley. Eakin (1963a)
concluded that interbasin flow to the east, to MeadolWeYyaVash, was not likely
because the water level was near the ground surfaceaddw Valley Wash which
would make for a flat gradient and because the mourdaparating the valleys were
high enough that recharge would likely cause a groundwater di¥ide mountains on
the west side were low enough that no groundwater dividedaieely form, and contain
sufficient carbonate rock to allow flow, therefahe discharge from both valleys is west
to Pahranagat and Pahroc Valleys. Eakin (1966) inditia¢eiow would be to just
Pahranagat Valley. Because there is effectivelgmandwater ET discharge within
these valleys, the discharge to the west essentigligls the total recharge, the various
estimates of which were discussed above.

White River Regional Flow System

In the White River system, interbasin flows haveglbeen known to support GW
discharge in receiving basins (Eakin 1966). The disparityaharge and ET discharge
in the basins illustrates that groundwater must flowmgrbasins. The estimates of
interbasin flow have changed since 1966; the estimateloérge, discharge, and
interbasin flow presented herein lead to the conclusiernotal interbasin flow to White
River Valley from upstream valleys including Cave Valley0,800 af/y (Table 7). With
the recharge and GW ET estimates above, approximately 22f/$G8f interbasin flow
leaves White River Valley to reach Pahroc Vallegflow to Pahranagat Valley from
Pahroc is 24,300 afly, which includes a small amount ofargehin Pahroc Valley;
Garden and Coal Valleys and Dry Lake and Delamar Va#idgs12,000 and 6000 afly,
respectively. With the small recharge and significavit BT in Pahranagat Valley, there
is approximately 19,100 af/y discharge to Coyote Spring oelSprings Valley.
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Table 7 : Water budget accounting for the study area basins waer pre-
development conditions. All flows are in affy.

Flow from
Outside study GW ET Interbasin
Recharge area Interbasin flow from Inside study area  Discharge outflow
Garden/Coal Valley 12000 0 12000
Cave Valley 14000 1200 12800
Dry Lake 5000 0 5000
Dry Lake
Delamar 1000 5000 0 6000
Steptoe, Cave
Jakes Valley
White River Valley 38000 48000 12800 76700 22100
White River Valley
Pahroc Valley 2200 22100 0 24300
Pahroc
Valley Garden/Coal  Delamar
Pahranagat Valley 1800 24300 12000 6000 25000 19100
Coyote
Spring/Kane
Springs Valley 6000 19100 0 25100

The estimates for flow through the system are fordeneelopment or steady state
conditions and do not include consumptive use for irrigatioother beneficial uses.
Therefore, the interbasin flow estimates also domdtide the effect of development.
The next section details the water rights in thersaasnd how they affect their discharge.
A part of the analysis is to determine how much of thesamptive use of water rights in
the basins is a new discharge from the system andvhah is a replacement of pre-
development GW ET. These estimates depend in part espi@nal judgment. After
determining the water rights consumptive uses, the afbwathrough the system after it
has returned to steady state from the existing streélkspeetical concept only, will be
considered.

Water Rights

This section considers water rights in the targdeyal Cave, Dry Lake and
Delamar Valleys. Also considered are the watertsifdr White River, Pahroc and
Pahranagat Valleys because these basins may deperaiotetbasin inflow. Because
they are tributary to Pahranagat Valley, two additimadleys, Coal and Garden Valleys
are also considered; interbasin flow from theseesyalcould help to meet the demands in
Pahranagat Valley.

The groundwater budget supports water rights connecteduodyater. These
include all underground (UG) rights, but also include mpshg rights and some surface
water rights. This section estimates the consumpiseeof the existing water rights to
show the amount of groundwater remaining for developnmettitei overall flow system.

Spring flow is a discharge of groundwater that at onetp@id recharged into the

system. Mountain springs, usually with low or epheirféoay, discharge from perched
aquifers not considered part of a basin’s groundwatermysgecondary recharge from
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the channels below ephemeral springs may be a ptér¢ ehountain front recharge
which is part of a basin’s total recharge. Nevada redssguace reports typically
reported the discharge from large valley-bottom springisahiarge from the basin’s
groundwater reserve because the spring discharge eitlparates directly or supports
shallow groundwater systems and wetlands which are incladealdulations of GW ET
discharge. Therefore, the discharge from regionahgpiis a discharge of recharge
within the basin, of interbasin flow from upgradient basor a combination of the two.
Spring water rights therefore depend on groundwater.

The same logic applies to some of the surface wajktsti Surface water rights
that depend on baseflow in the stream also theref@endeon the groundwater.
Baseflow is “return flow from groundwater” (Mosley anctkerchar, 1992, page 8.1)
and should be considered a discharge from the groundwatemsyta basin. This is
apparent in the southeastern part of White River Vaksabse the perennial streams
depend on flow from the springs and therefore dischargestie groundwater. Water
rights to stream base flow therefore depend on groundaateell.

New water rights applications should be consideredit bf all of the demands
on the system. New groundwater pumping that relies ontoligespring flow or seeps as
a mean of developing perennial yield will diminish surfacéew8ow. Spring or stream
water rights may therefore be harmed by grants of glgithat diminish surface water
flows.

Stream rights that depend on runoff or perched springs didepend on the
groundwater system. Streams that emanate from thataiost may not depend
significantly on the groundwater system; it is possibé perched aquifers support their
baseflow. Streams on the valley floors that disoldmgm regional springs depend on
the groundwater system, as do the water rights to tticessanss.

Supplemental water rights are used when a primary wgteris not available.
Typically, an UG right supplements a surface watditrign the two large downgradient
valleys, White River and Pahranagat Valleys, the susater depends on spring flow
and therefore is a discharge of groundwater. In the otikeys, the small amount of UG
rights considered supplemental are a small amounbwf fin neither case are
supplemental rights considered because the primary agkeedy mostly depend on
groundwater.

Irrigation water is not completely consumed. Fos Hnalysis, the consumptive
use determined by the Nevada State Engineer in the SpaiteyVuling, #5476, will be
used. Consumptive use for irrigation water rights isa@d for other uses will be
assumed to be 1.0. The valleys analyzed here are tbareSpring Valley and probably
have a higher consumptive use rate. If so, using a lave vall be conservative.
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Cave Valley

The higher and wetter of the three valleys targefede Valley, has the most
existing water rights. Most of the water rights @repring water (Table 8). The total
duty for all types of water rights is 971 afly.

The groundwater system supports the spring rights betaeysare a discharge
from the regional groundwater system — the system supgbbyteecharge within Cave
Valley. Most spring rights are to Cave Valley springsthe east side of the valley near
the base of the Schell Creek Range near carbontt®ps. Cave Spring, the water right
for which was discussed above, discharges from atianesave. Lowering the
groundwater table in the vicinity of these springs woulkidlyi intercept their flow,
although the current location of SNWA's applicationd nat likely capture this
discharge. The total spring rights have a duty totaling 6¥1 &reamflow rights are
not included because they, totaling 276 afly certificatedvasted stream rights,
apparently depend on runoff not directly linked to GW disgdarSome of the stream
water rights may intercept and use water that is gaheomountain front recharge to the
system.

There are 8 certificated or permitted UG rights totafiigaf/y but not including
supplemental water rights, the total is just 35.4 afli}.are stock rights which are
considered to be fully consumptively used.

Of the total spring rights, 510 afly is used for irrigaticApplying the 0.7
consumptive use factor, the total committed spring wagéts is 358 afly. The
remaining spring rights used for stock water are considerbd fully used. The total
consumptive use of spring water rights in Cave Vallegyethdent on UG water is 473
afly. Adding the UG rights, the total water rights iav€ Valley dependent on UG water
is 508 afly. This does not include the spring rights listed diversion rate without a
duty (Table 8). However, only the 35 af/y of UG righteasiomptively used is a new
discharge from the system; the springs have watetsrigut the beneficial use merely
replaces the natural use.

Dry Lake and Delamar Valleys

Delamar Valley has just 7.4 afly of UG rights; thenerous spring and reservoir
rights do not apparently depend on groundwater. Dry Lakieywhés just 57 afly of UG
rights; also, the numerous spring rights emanate fremohed aquifers and should not be
considered part of the valley groundwater system. Exoepine (certificate 566 for 663
afa), the duties are very small. Most are for siwater.
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Table 8: Water Rights Summary for Cave Valley

Stream Number  Duty (afly)*
CER 2 276
VST 7 0 There are 5.25 cfs of diversion for rights without a duty listed.
Subtotal 9 276
Spring
CER 13 499
RES 3 0
PER 1 80
VST 32 47
Subtotal 49 626 There are 3.5 cfs of diversion for rights without a duty listed.
Sup.
Underground Supplemental Dui)y Difference
CER 5 354
PER 3 336 3 33.6 0
Subtotal 8 69
Total 66 971
Committed Water Rights Irrigation** Irrigation Cons umptive Use
Stream rights not from
Stream 0 0 0 0 regional springs
Spring 472.76 626 510.8 357.56
Underground 354 354 0 0
Total
Committed 508.16 661.4 510.8 357.56

*. in the database, duty is either afa or afs. Here it is reported as afly.
Garden and Coal Valleys

Garden and Coal Valley provide interbasin inflow to Patgat Valley and
therefore may support flows within that valley. Coall®iahas few water rights. The
spring rights are to perched spring and not part of the graatedwystem; there are no
stream rights. The 33 af/y of UG rights is the comgtive use for this valley.

Garden Valley has approximate 2500 af/y of water rights fd sources (Table
9). There are just 166 af/y of spring rights and thespenehed and not part of the
system. Stream rights represent the majority oémaghts in this basin; they total 1774
afly. These are to perennial streams that drain then@Canyon Range. High flow from
these streams provides recharge to Garden Valley, butatee rights are primarily in
the mountain range. They utilize water that during preldgwment conditions would
have been transpired from riparian areas. Theserwghts are not likely part of the
groundwater system.

There are also 559 afly of UG rights with all but 4 aféed for irrigation. This
irrigation consumptive use of 388 afly is considered tmswmptive use for the valley.
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Table 9: Water rights summary for Garden Valley.

Spring Number
CER 8
VST 4
Subtotal 12
Stream

CER 12
PER 1
VST 6
Subtotal 19
Underground

CER 9
PER 2
Subtotal 11
Total 42

Committed Water Rights

Spring 153.52
Stream 1252.72
Underground 392.45
Total

Committed 388.15

Duty (afly)*
96.9
69.7

166.6

1129
160
485

1774

454
104.8
558.8
2499.4
Irrigation Consumptive
Irrigation** Use

166.6 43.6 30.52
1774 1737.6 1216.32
558.8 554.5 388.15

2499.4 554.5 388.15

*. in the database, duty is either afa or afs. Here it is reported as afly.

Downgradient Valleys

White River and Pahranagat Valleys both have subdtaegimnal springs which
support irrigation and other development. The total wagbts in White River and
Pahranagat Valleys are 100,161 and 35,430 afly, respectivele(I@kind 11). The
amount for Pahroc Valley is insignificant (Table 12)haligh there are many
applications. Because of the importance of regionahgprand the interbasin flow
which supports those springs, the water rights sourcedaaely intertwined. This
section considers the water rights in the downgradielteys and their dependence on
interbasin flow from the targeted valleys.
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Table 10: Water Rights Summary for White River Valley

Stream Number  Duty (afly)*
CER 26 24643
PER 1 152
VST 7 16306
Subtotal 34 41102
Spring
CER 74 16149
DEC 12 102
RES 1
PER 11 3596
VST 24 2755
Subtotal 122 22602

Sup.
Underground Supplemental Duty  Difference
CER 122 25354 38 11156 14198
PER 37 11103 13 2046 9057
VST 1 0
Subtotal 160 36457
UG total adj for Sup 23255
Total 316 86959 Accounts for the amount of supplemental GW
Water Rights Total, T5to 11N, R61 to
62E Irrigation Fr Irrigation Consumptive Use
Stream 22442 29458 23388 16372
Spring 8414 11851 11458 8021
Underground** 6803 9654 9503 6652
Total 37658 50963 44349 31044
Committed Water Rights Relying on
UG Water Irrigation** Irrigation Consumptive Use
Stream 30594 41102 35026 24518
Spring 17808 22602 15980 11186

Entire valley not counting

Underground*** 16368 23255 22956 16069 supplemental.
Total Committed 64770 86959 73962 51773

*. in the database, duty is either afa or afs. Here it is reported as afly.
**- The total for SE WRYV has accounted for supplemental rights
*** _ Both the total and the irrigation total has accounted for supplemental rights
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Table 11: Water Rights Summary for Pahranagat Valley

Source/Status

Stream Number

CER 3
VST 1
Subtotal 4
Lake

CER 2
VST 5
Subtotal 7
Spring

CER 21
DEC 17
RES 2
VST 4
Subtotal 44
Underground

CER 41
PER 24
VST 5
Subtotal 70
Total 118
Committed Water Total Consumptive
Rights Use

Stream 718
Lake 1489
Spring 19590
Underground ** 3709
Committed 25506

Duty (afly)*

761
184
946

2127
0
2127

5646
14535
4
1278
21463

9886
3088
48
13022
35430
Duty
(afly)*
946
2127
21463
4695
29231

Supplemental
17
9

Irrigation**
759
2127
6243
3288
12417

total consumptive use is duty minus return flow from irrigation
*. in the database, duty is either afa or afs. Here it is reported as afly.

**. does not include supplemental

Sup Duty
6475
1851

Difference
3411
1236

Irrigation Consumptive

Use
531
1489
4370
2302
8692

Table 12: Water Rights Summary for Pahroc Valley

Source/Status Number
Spring

CER

RES

Subtotal
Underground **
CER

PER

VST

Subtotal

Total

afly.

O -

AR RPN

13
*. in the database, duty is either afa or afs. Here it is reported as

Duty (affy)

23

25

19
11

30
55
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White River Valley

Water rights are permitted by the basin, but the StaggnEer also considers

whether granting an application will harm existing waigints, including in

downgradient basins (Nevada State Engineer Ruling 5750applrcation may affect

downgradient water rights even if the targeted badighsly developed and
downgradient basins are heavily developed with water ragmendent on the interbasin

flow. Interbasin flow from Cave Valley enters WhiRever Valley. Additional water

rights in Cave Valley can be permitted only if theenblasin flow from Cave Valley is not
depended on in White River Valley (or further downgradieltater sources in the

southeastern portion of White River Valley likely dependrdgerbasin flow from Cave

Valley (Figure 21).
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Figure 21: Location of springs in White River Valley and the sotheastern

townships likely dependent on flow from Cave Valley.
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White River Valley has 22,602 af/y of spring water rigftalje 10).
Considering just those in the southeastern townshipgagspghts total more than 10,000
afly (Figure 21). The springs near Preston are nortthigher than those in the
southeastern townships. These are almost excludreglyregional springs and
therefore clearly depend on groundwater. Spring rigihtlsd southeast portion of the
valley clearly depend on interbasin flow from theteasluding Cave Valley.

Within the White River Valley, there is a total 41,101 affytream rights. The
White River is considered fully appropriatedn the northwest portion of the valley,
where the White River emerges from the White Pine Randeabove Preston Big
Springs, there are 1875 af/y of certificated and vestedrstrights (app 7328, 15763,
and V00715) which is about 31 percent of the runoff in the &River (see discussion
concerning recharge in White River Valley above). Mdshe stream water rights are
below the point where most of the White River runof hdiltrated and recharged the
groundwater. The gage near Lund was dry most of the timehwilects both the
recharge and the diversions. There is just one svaddlr right on Water Canyon Creek.

The spring flow rates are almost twice the spring magats (Table 10). The
spring flow is apparently too great for diversion from therg discharge point. Below
the springs there are perennial streams. Moon Riverdsprinlot Creek Spring are good
examples. Ranchers divert many stream water righwms these channels downstream
from the regional springs. Based on field observatitms,is particularly true on the east
side of the valley. The proportion of stream righitshe total spring and stream rights in
the valley indicates that stream rights depend ongpigints. For example, in the zone
Township 6N, stream rights are the majority of thel tstt@am and spring rights (Figure
22). The White River near Lund gage is dry most of the;tthe stream rights are on
channels downstream from the springs. One vested nglierV01351, accounts for
11,600 afly of stream water right. The Nevada Departofildlife owns this water
right. Another cluster of springs and developmentuosa the zone Township 12N.

The stream rights are a high proportion of the totabsh and spring rights in this area as
well (Figure 22). This is downstream from Preston Big $ystin

Other than the stream rights in the northwestipof White River Valley, most
of the stream rights depend on spring flow. Subtrachiedl875 af/y from 41,101 afly
approximately 39,226 af/ly depend on spring flow (not accoundingninor rights in
Water Canyon other areas). The conclusion regardiagmtrights is that most depend
on spring flow.

* Final Decree: In the Matter of the Determinatiorihef Relative Rights in and to the Waters of White
River and its Tributaries in White Pine County, Nevesiayenth Judicial District Court, White Pine
County. Cited in State Engineer Ruling 3640 Denying wagétsiapplication for irrigation water from the
White River.
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White River Stream and Spring Rights
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Figure 22: Location of stream and spring water rights in WhiteRiver Valley
defined by township north and south.

Interbasin flow from Cave Valley contributes intasin flow which supports
many springs in White River Valley. The spring and streatewrights downgradient
from Cave Valley, those that occur in the townshipidireed in Figure 21, are considered
to depend, at least partially, on interbasin flow froav€Valley. As shown in Table 10,
there are 41,309 af/y of stream and spring rights in town3BigslN and R61-62E.
Considering the springs within the southeast townships @@Ly and below 6400 feet
msl (to eliminate perched springs), the average springatgel{Welch and Bright 2007)
is about 27,000 afly. This exceeds estimates of flow ftawe Valley, therefore the
spring discharge must include local recharge and interflagy from further north.
However, the total water rights dependent on the splomgexceeds the average
discharge by 14,000 afly. Interbasin flow not dischargiomfthe springs probably
supports the basin fill aquifer. Within the southeast &wpss, there are 11,038 afly of
UG water rights. The cumulative duty of water rightthe southeastern portion of
White River Valley totals 52,347 af/ly (Table 10).

Most water rights in White River Valley are for gation. If the supplemental
water rights are removed from the total water rigthts,water rights total, from all
sources, in the valley is 86,959 af/y, adjusted for suppleaheghts. The total dedicated
to irrigation, not counting supplemental rights, is 73,932 aft 85 percent of the total
water rights in the valley. Most of the remaindefoisstock watering. Consumptive use
for irrigation is 51,773 afly. The total dedicated consuneptise from water rights in the
basin is 64,770 afly.
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The GW ET discharge from the valley of 76,700 af/y andad¢ed water rights
consumptive use is 64,770 afly. The total discharge fremwalley through
phreatophyte and water rights consumptive use therefasensuch as 141,470 afly.
However, there may be substantial overlap. Retum flom cropped fields probably
support phreatophytes; this is particularly true where pumpasg@tercepted
groundwater which may have reached the phreatophytes. aPvenivever does not
occur in the area around Township 12N (Figure 22) becauseofribst GW ET
estimated in Welch and Bright (2007) is five or six townskisth. For the purpose of
flow system accounting, GW ET and the UG consumptivefrose T12N will be
considered. There are 22,662 of UG irrigation rightajsidf for supplemental rights
there are 12,337 afly. The consumptive use then is 8635Adying 141 af/y of non-
irrigation consumptive use, the total UG consumptive nSeLRN is 8776 afly.

The total water rights commitment far exceeds dleally available water if local
recharge and interbasin flow is the primary source. rébkarge in the southeast portion
of White River Valley, as estimated by Flint and FI@0Q7), is just 6900 af/y while the
local ET discharge is 56,900 afly. Interbasin flow fromv&C¥alley is 14,000 afly or
less, depending on the reference. Consumptive use chtlediwater rights in this area
is 37,658 afly or just less than twice the water avaalabhr that portion of the valley.
This does or will require intrabasin flow from the noilsupport the water rights.
Decreased flow from Cave Valley will reduce the locaNailable groundwater for water
rights and spring flows in southeast White River Vallagl ancrease the amount required
from further north in the valley.

Pahranagat Valley

Pahranagat Valley is unique because of the prevalencdependence of the
valley on interbasin groundwater flow as manifest ingjmengs. Total spring discharge
in Pahranagat Valley is approximately 25,000 afly, as is shdddi perennial yield. The
springs contribute to baseflow in several streams andd@ake water that supports
wetlands and lakes on the Pahranagat Wildlife RefugechMf the spring flow becomes
surface flow, but both become secondary recharge.

There are a total 35,430 af/y of water rights in Pahrdanzajéey (Table 11).
About 3000 af/y are for stream or lake rights. Springewaghts are the majority at
21,463 afly. UG rights total 13,022 afly, but a substantial atmane supplemental. The
actual groundwater duty is 4695 af/y accounting for supplemeghas. The total duty
for water rights in the basin is 29,231 af/y accountingstgplemental rights (Table 11).

The total consumptive use for irrigation is 8692 af/ypwly about 30 percent of
the total duty for the valley. The total consumptive bea tis 25506 afly, or
approximately the entire spring discharge to the valRghranagat Valley Springs are
considered fully appropriated under the Ash Springs/Pahrabhagas Decree of October
14, 1929.

55



As discussed above, the GW ET discharge from the vall®@gused along a strip
near the Pahranagat River; for GW ET discharge, tidysitilized Eakin’s (1963c)
estimate based on 6000 acres. However, much of thetiongzccurs on terraces,
perhaps 10 to 40 feet above the river. Prior to inogathere would not have been dense
riparian vegetation as assumed by Eakin for the striptheaiver. The area between
Pahranagat Lakes and Hiko within a quarter mile of ther iszabout 16,000 acres. The
irrigation therefore likely replaces shrubland. Thaltobmmitted water rights
consumptive use from Pahranagat Valley for consideratigche interbasin flows is the
irrigation consumptive use.

White River Flow System: Water Budget and Water Availability

The WRFS considered herein has nine basins, not cgulakes and Steptoe
Valleys, which eventually drain to Moapa Valley and tMhaddy River Springs. Two of
the nine basins are fully developed with water rights apprating the available water.
The developed water rights have not captured the remaBWdET discharge fully
because the systems have not yet reached steadyBtatefore the current discharge
from the system exceeds the pre-development dischaogeige it includes natural GW
ET and some of the consumptive use for beneficial (isgse 13). In other words,
current development has not yet replaced the natws@thaliges so the existing situation
is one of discharge from GW ET, irrigation and interbdlow exceeding the inflow.
The other seven basins are lightly developed with lowuants of groundwater use and
depletion.

Current commitments within the system will decrethseinterbasin flow from
Pahranagat Valley from 19,100 to 1138 af/y if the systemauitrent developments
comes to steady state. The flow from Pahranagaeyaks probably been only lightly
affected to date, although to the extent that confinedeagihave been tapped, the effect
could have expanded quickly.

Table 13: Water budget for the White River Flow System with existing
groundwater use All units affy.

Interbasin GW Groundwater Interbasin
Recharge Inflow Discharge  Use outflow To Comments
Garden/Coal Valley 12000 0 421 11579 Pahranagat
Cave Valley 14000 1200 35.4 12765 White River
Dry Lake 5000 0 57 4943 Delamar
Delamar 1000 4943 0 7.4 5936 Pahranagat
48 kafly inflow
from Steptoe
and Jakes
White River Valley 38000 60765 76700 8776 13289 Pahroc Valley
Pahroc Valley 2200 13289 0 30 15459 Pahranagat
Coyote
Pahranagat Valley 1800 32973 25000 8692 1081  Springs
Coyote Spring/Kane Muddy
Springs Valley 6000 1081 0 7081 Springs
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If SNWA develops its’ full application from each diet three targeted basins,
there will be effectively 11,500 af/y of groundwater use rsdbed from each targeted
basin in the budget in Table 13. This reduces the interbasilow from Cave Valley to
1181 afl/y (Table 14). More critically, the interbasinflout from Dry Lake and Delamar
Valleys becomes negative because the applications stiayeexceed the local
recharge. Most critically, the discharge from Pahgat Valley becomes negative,
equaling -27670 afly.

Table 14: Water budget for the White River Flow System with SWA's full
application amount added to the groundwater use.

Interbasin GW GW
Basin Recharge Inflow Discharge | Use Outflow |[To Comments
Garden/Coal Valley 12000 0 421 11579 | Pahranagat
Cave Valley 14000 1200 | 11618.9 1181 | White River
Dry Lake 5000 0 | 116405 -6641 | Delamar
Delamar 1000 -6641 0 | 115911 -17232 | Pahranagat
48 kafly inflow from
Steptoe and Jakes
White River Valley 38000 49181 76700 8776 1705 | Pahroc Valley
Pahroc Valley 2200 1705 0 30 3875 | Pahranagat
Coyote
Pahranagat Valley 1800 -1777 25000 8692 -33670 | Springs
Coyote Spring/Kane Muddy
Springs Valley 6000 -33670 0 -27670 | Springs

Recharge: Based primarily on reconnaissance reports
Interbasin inflow: Flow into the basin from one or more upgradient basins.
GW Discharge: Discharge from the regional aquifer within the basin — either by evapotranspiration or Springflow.
GW Use: consumptive use by water rights

If SNWA develops only the published perennial yield from dzadin as
analyzed by Schaeffer and Harrill (1995), the groundwatewilsbe as shown in Table
15. There will still be positive interbasin flow frommppLake to Delamar and to
Pahranagat Valley from Delamar. However, the digghénom Pahranagat Valley still
becomes negative, equaling -6419 afly.

Table 15: Water budget for the White River Flow System with aeduced SNWA
application added to the groundwater use. 2000, 2500, and 3000 afl/y €ave, Dry
Lake and Delamar Valleys, respectively.

Interbasin GW Comments
Recharge | Inflow Discharge |GW Use |OQutflow [To
Garden/Coal Valley 12000 0 421 11579 | Pahranagat
Cave Valley 14000 1200 2035.4 10765 | White River
Dry Lake 5000 0 2557 2443 | Delamar
Delamar 1000 2443 0 3007.4 436 | Pahranagat
48 kafly inflow from
Steptoe and Jakes
White River Valley 38000 58765 76700 8776 11289 | Pahroc Valley
Pahroc Valley 2200 11289 0 30 13459 | Pahranagat
Coyote
Pahranagat Valley 1800 25473 25000 8692 -6419 | Springs
Coyote Spring/Kane Muddy
Springs Valley 6000 -6419 0 -419 | Springs
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The analysis of water rights development in the WRR&ws that Eakin was
correct when he recognized in the first reconnaisseapm@t written for Pahranagat
Valley that upgradient development could affect downgradipnngs.

However, although most of these valleys are sevenalof miles distant,
substantial development in them in time might intpt@®me of the supply now
reaching Pahranagat Valley. The result, of course, wauidecrease in the
natural discharge. If it is assumed that all the etrapspiration loss can be
salvaged for beneficial use, the perennial yield of PahraNadiatly can be
related to present and future patterns of developmentiasz$o (1) Under the
existing conditions of development in the gross grouncéematstem, the yield of
Pahranagat Valley would be a least 25,000 acre-feet peramd (2) under future
conditions,if substantial development in upgradient valleys intercepts
underflow supplying the springs in Pahranagat Valley, the yieldbf
Pahranagat Valley could be expected to decreasethe magnitude of the
decrease would be directly proportional to the magnitudleeoivater intercepted.
(Eakin 1963c, page 22, emphasis added).

Any development upstream of Pahranagat Valley will catitbe expense of water rights
and the national wildlife refuge within Pahranagat \fall&he State Engineer has denied
water right applications within Pahranagat Valley to protlew from the springs
recognizing that recharge from other basins support this spigogarge. For example,
the State Engineer denied irrigation water rights apmicatto protect Crystal Springs in
1984.

Ground water in the Pahranagat Valley Basin is staneldtransmitted in the
Paleozoic carbonate rocks beneath the valleyHilko, Crystal and Ash Springs
issue from the Paleozoic carbonate rocks and play andtarole in the economy
of Pahranagat Valley. The magnitude of the combined aligehacreage about
35.0 cfs. (25,000 acre-feet annually), is far in excesseodmount that might be
supplied by recharge from precipitation within the defined@atfarea of the
valley (estimated average 1800 acre-feet annually). mtlisates thamuch of
the ground water discharged by the springs is derived froméyond the
drainage divide of the valley (State Engineer Ruling 3225, page phasis
added)

The ruling denied two applications for water rights bec#esg would intercept flow of
“source water to Crystal Springs” (Nevada State EngiReding 3225, page 3).

The State Engineer has denied applications in ona t@protect rights in
another basin in different parts of Nevada. For exenpthe Amargosa basin, the
perennial yield is 24,000 af/y based on the ET discharge franb#sin, but most of the
recharge to that basin is from interbasin flow from aggnt basins. Discharge from
Amargosa Basin to Death Valley, equaling approximately 19,090iainot considered a
potential part of the perennial yield in Amargosa Valléye State Engineer recently
protected the outflow to Death Valley because thereingasficient water available for
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appropriation. This denial may be especially prescient for theseagijiins because the
time for any impact to manifest in Death Valley mayldi.

The analysis in this report shows that much less th&®6@f/y may enter
Coyote Spring Valley from northern basins; the amastimated herein was 19,100 afly
(Table 12). The biggest reason for this difference isidpjeer GW ET discharge from
the White River Valley estimated in the Welch and Brri2007); if the discharge from
the recon report had been used, the discharge to C8gatey Valley would be close to
50,000 af/ly. As discussed, with development proposed by SNNgAlischarge to
Coyote Spring Valley may become negative. SNWA'’s psapwill have negative
consequences for the flow from Muddy River Springs.

The discussion here is critical in light of thet8t&ngineer’'s Carbonate Order
which put into abeyance numerous water rights applicatiatisthe flow through the
carbonate system and among the basins is better watkrsthe order recognized
testimony in the Kane Springs hearing that 50,000 af/y £teyote Spring Valley from
northern groundwater basins, that 37,000 af/y dischargestire Muddy River Springs
area, that the Muddy River Springs discharge is fully amated pursuant to the Muddy
River Decree and that approximately 16,000 to 17,000 af/y floveasins further south
(State Engineer Order 1169, page 5). Inthe Kane SpringgyRilne State Engineer
referred to 37,000 afly entering Coyote Spring from Pahetnéalley’. The
calculations herein suggest this is a substantial oweast due to new discharge
estimates and upstream water rights.

The report, Water for Nevada, indicated that the lnat&in flow is about 37,000
afly (NV State Engineer 1971). Table 3 in Water for Nesdavs that inflow to
Pahranagat Valley from Pahroc Valley is 42,000 afly; atradl of this interbasin flow
originated in White River Valley and basins tributary tbit® River Valley. It is also
almost the difference between Welch and Bright (2007 )\Meacey and Eakin (1949)
discharge estimate. With very little recharge inVheddy River Springs Area, the
discharge from the Muddy River Springs depends almostigixely on the interbasin
flow from Pahranagat and largely from White River Valley

However, evidence since 1971 may change the estimatedeiasin flow and
sources of water for Muddy River Springs. Welch and Br{@007) estimated that just
9000 af/y flows from White River Valley to Pahroc Valley aiinimeans the flow from
Pahranagat Valley to Coyote Spring Valley is muchtleas assumed based on the
Water for Nevada report. If the remaining estimaté&/ater for Nevada are correct,
then the interbasin inflow to Pahranagat Valley is 25,0Q0sad the outflow would be
negligible. If this is correct, there must be anogwirce of groundwater flow to Muddy
River Springs. Kirk and Campana (1990) indicate that souegebe the Sheep Range
and Lower Meadow Valley Wash. The Sheep Range could sapphuch as 9600 af/y
to Coyote Springs Valley.

®> Nevada State Engineer Ruling 5750 denying water rightscafiphs 59532, 62529, 66072, 66078,
66079 and 66081, July 16, 2007.
® Kane Springs Ruling No. 5712.
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Water Availability

Most of the groundwater that recharges in the threysa Cave, Dry Lake and
Delamar, flows through carbonate rock to White Riverr&ahnd Pahranagat Valleys.
Only Cave Valley has significant GW ET discharge, deir@echin this report to be about
1200 afly; Dry Lake and Delamar have very little GW ET laisge.

Because of the small GW ET discharge from the basiraaid long-term
drawdown to the basins, the applications would have tacapiterbasin flow. The
apparent inability to capture the recharge in the mountansh flows from the basin
through carbonate rock led Eakin (1962) to conclude the piatgneld of Cave Valley
could be only 2000 af/ly. Eakin (1963a, page 19) did not estitmateetrennial yield for
Dry Lake or Delamar because he determined that only ferrftbst exceptional water
requirements” would the cost for developing an amoumtadér close to the interbasin
discharge from the valleys occur. He concluded that teldp\a “large part of the
estimated 6,000 acre-feet of average annual dischargeleowalley, water levels might
have to be drawn down as much as 1,500 feet below landesuifdg. These old
analyses demonstrate the inability to actually devalgpsignificant amount of
groundwater in these basins. Drawdown would occur andncento increase for a very
long time, probably on the order of centuries. This bellconsidered in the next section.

Simple water budget analysis has shown that alle@§tbundwater entering the
downgradient valleys is utilized in those valleys. &eping groundwater in the target
basins will decrease the inflow to the downgradient basdsresult in a drawdown
within those valleys. Current water rights holdeithin White River and Pahranagat
Valley already utilize all of the inflow to the basiithere is simply no water available to
develop a significant exportation project from the taeddiasins. Because of the
downgradient dependence on the interbasin flow fromaifgeted valleys, the PY of
Cave Valley should be set at 1200 af/y and the PY of DogiLake and Delamar Valley
is negligible.

Conclusion of Water Budget Analysis

There are six major conclusions obvious from the stetate water budget
analysis for the pre-development, current, and proposecefabnditions. They are:

» There is no available water in the targeted basingstMecharge in the targeted
basins becomes interbasin flow to downgradient basinsewtisrcompletely
used by water users with water rights.

* The groundwater system in White River and Pahranagatygaiecompletely
appropriated and dependent on interbasin flow from upgraigloting the
targeted basins.

* Most spring and surface water rights in White River arftd&tmgat Valleys
depend on groundwater including interbasin flow.
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* The existing level of water rights development in taeys will decrease the
discharge from Pahranagat Valley to almost zero.

» If granted, the proposed applications will reduce the iaterbflow from
Pahranagat Valley to much less than zero.

* The published perennial yield for Dry Lake and Delamar Valiegsibstantially
too high.

Impact Analysis

The steady state water balance clearly shows theie available water for
appropriation in the overall White River Flow Systerfiafvs from the regional springs
are to be maintained. Developing water rights by pumpiglts imposes a stress on a
groundwater system by adding new discharges from the syStkensystem will
experience of period of change during which groundwater stasagenoved and the
natural discharges adjust to the new discharges. HBtenswill eventually approach a
new steady state if the new discharges do not exceeddharge and can replace natural
discharges. The imposed discharges take flow awaydsasting discharge point — the
wetlands, springs and seeps in the basin and basingdmient. The pumping removes
groundwater from storage to lower the water table and dtigaipatural discharges. The
amount of groundwater removed is the transitional storage.

Impact analysis determines how long it will take fop&uts to occur, the amount
of transitional storage, the total and expansion ofitaggdown cone, and the amount
that discharge from natural discharge points will be dsad.

There are different ways to complete such an analgeging from simple Theis
equations to sophisticated groundwater models. Theis anslyséppropriate in this
case because:

* The method requires homogeneity and the system is getszous.

* The method requires isotropic conditions. This meanscthatitions are the
same in all directions. Due to the fault trendstelae definite anisotropic
conditions in a horizontal plane. Consequently, ingpagpand more in one
direction than in the other. The Theis method caanobmmodate these
conditions.

* The method assumes there is an infinite aquifer. VWhideis never the true
situation, the boundaries that occur due to faults and giedone transitions
limit the aquifer extent substantially.

* The largest impacts are likely to be to downgradientsaget the Theis method
cannot assess impacts beyond the boundaries of the §asmedo which it is
applied.

For the consideration of the impacts of a possiblgelatress as proposed by

SNWA in a complicated system, a numerical groundwatetahis usually the best
method to apply. Because of the springs and interlflasim much of the flow is
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probably concentrated in small areas. The dischargeifidividual springs in White
River Valley is of the same order of magnitude as ¢ba techarge in Cave Valley. This
implies that the source of flow to those springs,rédeharge zone, is very large. The
fracture network in the bedrock collects the rechargkfannels it to the discharge
points.

The best way to analyze this situation would be witlacture flow model.
Although the trend of fractures can be surmised fronfiathiting in the system, their
location is poorly known. Modeling with a fracture floemodel would be educated
guesswork.

A finite difference groundwater model, such as MODFLQW¢Donald and
Harbaugh 1988), implicitly assumes that the hydrologic pt@seof each model cell are
homogeneous; the parameters for the cell represewnatio@is properties of the actual
media within that cell area. Hydraulic conductivityeetively blends the matrix primary
permeability with the fracture-caused secondary permeabiltitimust represent as a
whole cell the flow which may primarily be throughradture. If well done, the
calibration of a model of such an area will represeatgeneral flow patterns through the
area well. Often, however, the propagation of a sisessich slower in the model than
in reality because stress propagates quickly in a confiaetlifie system. Therefore, the
use of a finite difference model to estimate the tiongoropagation may underestimate
the speed with which impacts propagate.

Even with the difficulties, poorly understood geology &adture flow, a finite
difference model is the best choice for estimatimgftiiure impacts of this proposed
project. To analyze the impacts of SNWA's proposed proyeethave utilized a
groundwater model developed by the U.S. Geological Survethdocarbonate aquifer
system of the Great Basin during its RASA study (Prudal #995).

RASA Groundwater Model

The RASA groundwater model was developed to refine theeptgof flow
within the carbonate province and between the surfesia-fil aquifers and the
consolidated bedrock aquifers, primarily the carbonatevafcanic aquifers. It was
developed as a conceptual model to improve understandihg eystem. The report
presented a detailed discussion “of ground-water flow ..xaonée the possibility of the
relatively shallow flow regions being interconnected bgpl#ow through carbonate
rocks, and how regional geologic features might affeetdirection of flow and water
levels” (Prudic et al 1995, page D15).

Schaefer and Harrill (1995) used the RASA model (Prudit¥3b) to estimate
the effects of the water rights applications as pregdxy the Las Vegas Valley Water
District, now held by SNWA. While they acknowledged ldrge grid spacing and the
basin in a regional-scale conceptualization of grounemfiow, they considered the
model “adequate to develop first approximations of probably nadsscale effects”, but
not detailed predictions (Schaeffer and Harrill 1995, page 2).
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Because a primary interest of the analysis hergggi®nal-scale impacts such as
changes in spring flow and head miles from the welidjacent or even further
downstream valleys, the use of the RASA model, withesonodification to improve
computation near the wells, is appropriate. As concludeégchgeffer and Harrill (1995,
page 46), “[irrespective of the obvious limitations loiktmodel, the results of the
simulation provide valuable insight regarding the regionalesresponse to pumping and
can serve as a basis for the development of a mtadedieanalysis of pumping effects.”
Because interbasin flow is a primary consideration ofithgact analysis of SNWA'’s
applications, it is appropriate to consider flows usingrnioslel as long as the low
precision of those estimates is understood.

The goals for using the RASA groundwater model for impaetysis are as
follows:

» Estimate the amount of transitional storage and drawdtmpth and extent
caused by SNWA pumping in the target valleys.

» Estimate the propagation of drawdown into surrounding valleys

» Estimate the change in flow rates at various regispiahgs.

» Estimate the time for change to occur.

RASA Model Details

The original RASA model had two layers and 61 rows ancoéms of
rectangular cells (Figure 23) and a north-northeastwandl tthat follows the trend of the
fault-block mountains (Prudic et al 1995, page D18); figuréhefnodel grid and
boundaries herein do not show the trend. The cellS ar#es in an east-west direction
and 7.5 miles in a north-south direction. The developktise model attempted to
balance accuracy with available computer power, whichmwach less at that time than
it is today. It used general head boundaries for riverdadied and used drain
boundaries for springs (Figure 23; refer to Prudic et al 199bdfad levels and
conductance for each boundary cell).

The rivers and lakes are all at least seven, and aneshore, grid cells from the
target valleys. They are not considered likely toflected. However, Panaca Warm
Spring, Pahranagat Valley, Blue Eagle and Tom SpringenMRiver and Hot Creek
Springs, Mormon Hot Springs, Northern White River and Mudder springs are all
within five cells from the target basins and could potéptize affected.

Both layers were simulated as confined. Transmisshatyes were used and the
aquifer thickness was not (necessarily) consideredrokgonsideration of the
reasonableness of the transmissivity. The drawdowulaied herein is substantially
less than that simulated by Schaeffer and Harrill (1886ause we are not considering
the valleys with extremely high pumpage.
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The RASA model used the units of feet and seconds; thexeemaintained for

the simulations herein. All fluxes including pumpingesaare in cfs.
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Figure 23: USGS RASA Model: Grid, Boundary Conditions andStudy Basins.

grid is the original discretization. The study basin gridis from the telescoped
model.
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The upper layer models the basin fill valleys, whichljikeave high
transmissivity, and intervening mountain ranges which lcansolidated bedrock with
variable but mostly lower transmissivity values (Figurg ZBhe lower layer represents
primarily the distribution of carbonate aquifers wsthme low transmissivity volcanic
rock included (Figure 25). Prudic et al (1995) discuss thaldisityn of transmissivity
around the overall model domain. Their transmisswatiyies resulted from steady state
calibration using observed heads and fluxes with pre-knowletide locations of
various geologic formations. Faults were not directlgsidered. If they were barriers or
conduits sufficient to affect head levels or fluxé®, duthors assumed the transmissivity
will reflect this because there would be head drops atihedault to identify it. Prudic
et al (1995, page D39) indicated that zones of high transitysis a layer often reflect
the high flow springs; high transmissivity in the suiding cells was needed to provide
sufficient water to the springs to match the obseradl the high transmissivity near
Fish Springs is an example of this. This high transmigsnay correspond to faults.

In the target basins, transmissivity in the centéhe valleys generally is 0.022
ft?/s (yellow), a mid-range value corresponding to thébieged for basin fill. Between
Dry Lake Valley and Cave Valley is a low transmidsizone in both layers which may
correspond to the transverse zone that extends eastwress the north end of Dry Lake
Valley (Welch and Bright 2007, Plate 1).

In general, the west sides of the valleys have highasmissivity than the east
side (Figures 24 and 25). This reflects the dominance bdrate rock on the west side
of Cave Valley and the fractures on the west sidb@bther valleys as compared to the
volcanics on the east side. It may also reflechigber recharge in the mountains on the
east which may cause a hydraulic divide between the thagets and those to the east.

Just south of the basins is a zone of low transwitigsin layer 1 (Figure 24); this
would divert the flow to the west into Pahranagat Vallegyer 2 has moderate
transmissivity values (Figure 25) but those to the weshgher which reflects the
spring discharge in Pahranagat Valleys.
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Figure 24: Transmissivity in layer 1 of the RASA carbonate syste model.
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Layer 2 Transmissivity (ft2/s)

3.3e-005
0.00033
0.0033
0.0185
0.033
0.185

I I I 1 ] [ I T

USGS RASA Model
Layer 2 Transmissivity (ft2/s)

Prepared by Tom Myers, 8/29/07

Figure 25:

Transmissivity in layer 2 of the RASA carbonate systa model.
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The RASA model simulates steady state flow througharate aquifers and the
adjacent basin fill aquifers. In general, the groundwigtvels in layer 1 show ridges
near the areas of high recharge (and high elevatiogyr@26). In layer 2, the head is
much less than that in the ridges in layer 1 (Figures @&@@pwhich drives the recharge
into the lower layer (bedrock). Near the mountainshiébeed difference between layers is
positive (and large in places) (Figure 28); in the valtbgse are places where the head in
the lower layer exceeds that in the upper layer, repteg) GW ET discharge, as
illustrated by the negative contours (Figure 28). In vadieas with little to no
discharge, the head difference is near O; this isake m southern Cave Valley, Dry
Lake and Delamar Valleys (Figure 28) where there is dlmmslischarge. In northern
Cave Valley, the difference is positive (Figure 28)aetiihg a potential for recharge.

Groundwater contours just west of the study area showmar trough (Figure
27). This corresponds with the White River and Pahranagigwsprings (Figure 23).
The contours do not converge on a single point though waftdcts the continued
interbasin flow to the south of the study area. Sprowgsir wherever the head in the
aquifer exceeds the elevation of the ground surfacégimiodel, spring discharge occurs
from the drain cells if the groundwater level exceedsfeeified level. The trough
bends eastward south of the target basins. The dgegpesf the trough (Figure 27)
coincides with the Muddy River Springs (Figure 23).

Prudic et al (1995) simulated the discharge from variousgspdischarging from
the carbonate system. Table 15 provides the dischargedtfeomodel. Almost 80
percent of the recharge to the system becomes groundeviatiischarge; another 14
percent becomes spring discharge of which almost allesfgporates within the system.
A net of about six percent discharges to the varioussiiv€he Muddy River spring flow
becomes most of the flow in the Muddy River.
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conditions for the RASA model. The figure shows locationshether the gradient is
downward and upward. The blue represents recharge — seégkire 26 for a legend.
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Table 16: Water Balance for the Original RASA Steady State Moel.

completed for this study.

Spring
Manse Springs

Ash Meadows
Rogers and Blue Point
Springs

Muddy River Spgs
Grapevine and Stainigers

Spgs
Pahranagat Valley
Panaca Warm Spring

Hot Creek Ranch Spgs
Lockes

Blue Eagle and Tom Springs
Moon River and Hot Creek
Springs

Mormon Hot Spring
Northern White River Valleys
spgs

Duckwater

Fish Creek Spring

Twin Spring

Campbell Ranch Spring
Shipley Hot Spring and
Bailey Spring

Fish Springs

Nelson Spring

Blue Lake and Little Salt
Springs

Warm Springs

Model
Reach

1

10

11
12

13

14
15

16
17

18
19
20

21
22

Adjustments to the RASA Model

Discharge

River or
other
(afly) Boundary
Humboldt
-3909.7River
Great Salt
-16996.3Lake

-1166.5 Utah Lake
Sevier
-37402.0River 1
Sevier
-735.3 River 2
Sevier
-23841.8.ake
Virgin
-9922.River
Death
-2004.¥alley
-2813.9 Lake Mead
-3209.8

-12853.2
-2198.8

-10279.8

-13245.6
-2775.0

-4005.1
-7377.5

-4379.9
-25710.0
-1817.0

-20100.0
-4956.1
-211700.2

All flows from the model run

ET
Recharge Discharge

(afly) (afly)

1523666. -1213054.

Flux
(afly)

-24845.
-2954.3
-22296.
-16074.
-6163.8
-11145.
-4843.5

-8269.0
-2468.2

-99061. 1523666. -1213054.

Prudic et al (1995) prepared the RASA model at a coarte 3ca by 5.0 mile
rectangular cells. For this analysis, the discratmeof the model was decreased to

improve the precision of the calculation of drawdown a@upumping (Figure 29).

This

is known as telescoping the grid. Essentially, inatea of the three target valleys, the
cell boundary lengths were decreased to one-half of pheMious size. Cells on either
side of the valleys were also decreased to improvadtieracy of the flow calculation
for flow to the springs; the spacing was adjusted so tlisgize changes were not too
substantial between adjacent cells because this could naogerical instability. None
of the property parameters were changed, however.
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Figure 29: Telescoped grid for the RASA model.
Water Balance in Target Basins

The telescoped model was used to determine steady witecdéor the target
basins (Figure 29, Tables 17 through 19). Model recharge, badé¢dxay-Eakin
estimates (Prudic et al 1995), depends on the grid withngadtr cell boundaries that do
not correspond well with basin boundaries. For exangelés on the east divide, for
example, include recharge that occurs in Lake Valley.

The largest flux from Cave Valley is to the westl gouth; the flow to the south

reflects flow from the southern end of the valleig(ffe 25) and the south gradient to the
flow that discharges from the west side of the valléihe high flux to the south from
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Delamar Valley (Table 19) reflects flow through the saést portion of the basin
(Figure 4). In Cave and Delamar Valleys, the flux magi@ is similar in the two layers.
In Dry Lake Valley, however, there is almost twicenasch flux in the upper layer which
reflects the significantly lower transmissivity myer 2 within the Dry Lake domain.

Table 17: Steady state water balance for Cave Valley determined witthe USGS
RASA model using the telescoped grid.

Inflow Outflow Inflow
Description  (ft3/s) (ft3/s) (afly) Outflow (afly)
Xmin 0.66 14.23 479.4  10299.9 West
Xmax 9.93 2.09 7191.6 15119 East
Y top 11.00 0.00 7964.0 0.0 North
Y bottom 0.00 21.03 0.0 152239 South
Recharge 15.75 0.00 11400.3 0.0
ET 0.00 0.00 0.0 0.0
Drain 0.00 0.00 0.0 0.0 Springs
GHB 0.00 0.00 0.0 0.0 Rivers
TOTAL 37.34 37.34 27035.3  27035.6
ERROR 0.00
Layer 1

Inflow Outflow Inflow
Description  (ft3/s) (ft3/s) (afly) Outflow (afly)
Xmin 0.59 2.81 426.3 2036.5 West
Xmax 3.27 2.08 2368.9 1508.4 East
Y top 4.11 0.00 2975.3 0.0 North
Y bottom 0.00 3.16 0.0 2290.7 South
Z top 0.00 0.00 0.0 0.0
Z bottom 0.37 16.03 271.0 11606.3
Recharge 15.75 0.00 11400.3 0.0
ET 0.00 0.00 0.0 0.0
Drain 0.00 0.00 0.0 0.0
GHB 0.00 0.00 0.0 0.0
TOTAL 24.09 24.09 17441.8 17442.0
ERROR 0.00
Layer 2

Inflow Outflow Inflow
Description  (ft3/s) (ft3/s) (afly) Outflow (afly)
Xmin 0.07 11.41 53.1 8263.4 West
Xmax 6.66 0.00 4822.7 3.4 East
Y top 6.89 0.00 4988.8 0.0 North
Y bottom 0.00 17.86 0.0 12933.2 South
Z top 16.03 0.37 11606.3 271.0
Z bottom 0.00 0.00 0.0 0.0
Recharge 0.00 0.00 0.0 0.0
ET 0.00 0.00 0.0 0.0
Drain 0.00 0.00 0.0 0.0
GHB 0.00 0.00 0.0 0.0
TOTAL 29.66 29.66 214709  21471.0
ERROR 0.00
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Description
Xmin
Xmax

Y top

Y bottom
Recharge
ET

Drain
GHB
Storage
TOTAL
ERROR
Layer 1

Description
Xmin
Xmax

Y top

Y bottom
Z top

Z bottom
Recharge
ET

Drain
GHB
Storage
TOTAL
ERROR
Layer 2

Description
Xmin
Xmax

Y top

Y bottom
Z top

Z bottom
ET

Drain
GHB
TOTAL
ERROR

Inflow
(ft3/s)

4.02

6.49

5.29

0.00

15.08

0.00

0.00

0.00

0.00

30.88

-0.01

Inflow
(ft3/s)

2.84

4.10

4.10

0.00

0.00

2.67

15.08

0.00

0.00

0.00

0.00

28.78

-0.01

Inflow
(ft3/s)

1.18

2.39

1.20

0.00

7.64

0.00

0.00

0.00

0.00

12.40

0.00

Outflow
(ft3/s)
9.46
3.98
0.27
17.00
0.00
0.18
0.00
0.00
0.00
30.88

Outflow
(ft3/s)
5.28
1.98
0.27
13.44
0.00
7.64
0.00
0.18
0.00
0.00
0.00
28.78

Outflow
(ft3/s)
4.18
2.00
0.00
3.56
2.67
0.00
0.00
0.00
0.00
12.40

Inflow

(afly)
2910.2

4699.7
3832.3
0.0
10914.0
0.0

0.0

0.0

0.0
22356.1

Inflow

(afly)
2056.0

2966.7
2966.9
0.0

0.0
1932.7
10914.0
0.0

0.0

0.0

0.0
20836.3

Inflow

(afly)
854.2

1733.0
865.3
0.0
5527.5
0.0

0.0

0.0

0.0
8980.0

Table 18: Steady state water balance for Dry Lake Valley detained with the
USGS RASA model using the telescoped grid.

Outflow

(afly)

1

2

6849.9
2878.0
194.9
2307.5
0.0
128.5
0.0

0.0

0.0
2358.9

Outflow

(afly)

2

3824.2
1431.1
194.9
9733.0
0.0
5527.5
0.0
128.5
0.0

0.0

0.0
0839.2

Outflow

(afly)

3025.7
1447.0
0.0
2574.5
1932.7
0.0
0.0
0.0
0.0
8979.8
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Description
Xmin
Xmax

Y top

Y bottom
Recharge
ET

Drain
GHB
TOTAL
ERROR
Layer 1

Description
Xmin
Xmax

Y top

Y bottom
Z top

Z bottom
Recharge
ET

Drain
GHB
TOTAL
ERROR
Layer 2

Description
Xmin
Xmax

Y top

Y bottom
Z top

Z bottom
Recharge
ET

Drain
GHB
TOTAL
ERROR

Inflow
(ft3/s)

6.08

6.71

9.43

0.02

0.53

0.00

0.00

0.00

22.78

0.02

Inflow
(ft3/s)

4.89

3.75

8.43

0.02

0.00

0.03

0.53

0.00

0.00

0.00

17.65

0.02

Inflow
(ft3/s)

1.19

2.96

1.00

0.00

14.12

0.00

0.00

0.00

0.00

0.00

19.28

0.00

Outflow
(ft3/s)
3.34
2.50
0.00
16.94
0.00
0.00
0.00
0.00
22.78

Outflow
(ft3/s)
0.85
2.43
0.00
0.24
0.00
14.12
0.00
0.00
0.00
0.00
17.65

Outflow
(ft3/s)
2.49
0.07
0.00
16.69
0.03
0.00
0.00
0.00
0.00
0.00
19.28

Inflow Outflow
(afty) (affy)
4404.8 2416.7
4861.1 1810.0
6827.2 0.0
12.9 12261.9
386.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
16492.0 16488.6
Inflow Outflow
(afly) (afly)
3543.4 616.1
2715.3 1758.7
6101.8 0.0
12.9 176.8
0.0 0.0
19.6 10224.4
386.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
12778.9 12776.1
Inflow Outflow
(afly) (afly)
861.4 1800.7
2145.9 51.2
725.4 0.0
0.0 12085.1
10224.4 19.6
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
13957.1 13956.5

Table 19: Steady state water balance for Delamar Valley determed with the USGS
RASA model using the telescoped grid.
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Simulating SNWA'’s Applications

SNWA'’s water rights applications total more than 11,500feom each of the
three target basins. Each basin has two applicationdarefdre two points from which
water would be pumped. There has been no indicatiorbthitA will decrease its
application even though the pumping rates far exceed thespetlperennial yield and
Schaeffer and Harrill (1995) simulated rates equaling thenp&l yield apparently at
SNWA's request. This impact analysis will bracketithpacts by considering pumpage
at the applied-for rate and at the perennial yield.

The locations of SNWA'’s applications were plotted dal& map and matched to
the cells in the model as done by Schaeffer and HEré85). However, some of the
applications plotted in very low transmissivity zohes adjacent cells were found to
have much higher transmissivity. Initial model runs pungt the application rate
found extreme drawdown at the wells with low transimiss In these cases, the well
was moved to adjacent cells with higher transmissivigb(e 20).

Table 20: Location of SNWA applications in the adjusted model.

Well Reach
Rate 1 Rate 2 Number in
Application Layer Row Column (ft3/s) (ft3/s) the Model
Cave
53987 Valley 1 41 33 1.035959 6 1
Cave
53988 Valley 2 38 33 1.726598 10 2
Dry Lake
53989 Valley 1 47 36 1.294949 6 3
Dry Lake
53990 Valley 2 46 38 2.158248 10 4
Delamar
53991 Valley 1 52 36 1.553938 6 5
Delamar
53992 Valley 2 54 39 2.589897 10 6

reach 1 adjusted one cell south and reach 4 adjusted one cell west so that they were not in low
transmissivity material.

reach 1 had been in the playa material
reach 4 was in low T volcanics

Pumping occurred for 2000 years and was followed by recdoeB000 years.
Initial heads were those determined with a steady statkel run using the telescoped
grid; these head values equaled those determined usingghmablRASA model. The
transient model run included two stress periods becauseetisewere either pumping at
the given rate, application or perennial yield, or were 8tiorage coefficients were as
determined by Schaeffer and Harrill (1995). Following Pretlial (1995), the units
were seconds. A stress period then was 6.3072%&80onds with 130 time steps and a
multiplier of 1.07. The time steps and multiplier wadgusted so that initial steps were
not too short. For example, using a multiplier of 1.Zuikted in the first step, with 130
time steps, being just a few second. None of the testdted in water balance errors or
had issues with model convergence.
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Drawdown

Pumping at the Full Application Rate: Drawdown occurred much more rapidly
in layer 2 than in layer 1. After just eight yeargpamping at the full application rate,
drawdown in layer 2 approached 200 feet near SNWA's propodédimBry Lake and
Delamar Valleys; drawdown near the proposed well in Gé&altey was about 40 feet.
The primary difference is the additional rechargeaveCValley. In layer 1 after 8 years,
the drawdown is less than 40 feet. The higher storagécoe in layer 1 means that
much more water is released for a given head drop, @atine pumping lowers the head
much less in layer 1.

Between 8 and 100 years, the drawdown at the wells én fagid not increase
substantially, but the extent of the 40- and 20-foot drawdamatours increased
substantially. Drawdown near the wells in layer 1 begancrease significantly after
100 years. In Cave Valley, the layer 1 well is in sand the drawdown extends
southeast into Dry Lake Valley. But while the drawdasvabout 100 feet, the
expansion of the cone to the west extended about tweo(oelfive miles). The 20-foot
drawdown extended about 7.5 miles along the west sidevef Zalley. After 2000
years, the 20-foot drawdown extended just four cells notthCave Valley due to the
higher ground surface elevation and the low transmissivitlye middle of the valley.

Substantially more drawdown occurs to the west théing@ast as expected from
the primary discharge being from the valleys to thetwelp to 100 years, the drawdown
barely reached east of the boundaries of Dry Lake and Zalleys (Figures 31 and 32).
But this limitation was due more to topography and to tressvity differences than to
flow barriers caused by faults or impervious intrusivekro€he drawdown eventually
expands to the east as the water levels in the &atgelleys decreases. As it does so, the
drawdown extends under the mountains bounding the eastf sitevalley. The
drawdown expands eastward more than westward in the donganalysis, between 200
and 2000 years (compare Figures 33 and 34 with Figures 35 and 3@judlye
drawdown affects all of Dry Lake and Delamar Valleys.

The springs within Dry Lake and Delamar Valleys wllleventually lie within
the 20-foot drawdown cone. These include many small spimthe Bristol Range and
Highland Range on the east side. If there is a hydraahnection between the springs
and the saturated groundwater, the spring flow could betadfe

The 20-foot drawdown approaches but does not fully encampasprings in
White River and Pahranagat Valleys. After 2000 years2@k®ot drawdown will have
expanded past the springs but still be less than 20 fdet springs (Figures 35 and 36).
This is due to the high transmissivity near those spiiggires 24 and 25) which allows
groundwater to reach the springs even as their souncetifi® east (the targeted valleys)
is cut off.
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Pumping at the Perennial Yield Rate Drawdown caused by pumping at the
perennial yield was less than that caused by pumping ailttzplication rate (Figures
37 through 40). However, the general shape of the drawdomesas similar to those
for pumping the full application. The biggest differere¢hiat the drawdown is not as
great near the wells as for the full application .rakéis is particularly true in layer 2
where the drawdown in layer 2 for Dry Lake Valley ram@fem 40 to 80, respectively,
between 8 and 2000 years (Figures 37 and 40). The rathed#feadince reflects the
rapid spread of the drawdown cone and the rapid impact cousding springs.

Cave Valley
v,
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\\ Delamar Valley
\ ~1 Ry
Springs
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J . f
! USGS RASA Model Pumping SNWA Full Application
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Vi Drawdown: 8 Years, Layer 2
) Prepared by Tom Myers_ 10/4/07

Figure 30: Drawdown in layer 2 after 8 years of pumping SNWA'Sull application.
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Changes in Flux

Pumping at the Full Application Rate: The proposed pumping adds a flux to
the water balance of the valleys. The stress remgneesidwater from storage and will
do so until a new equilibrium establishes. The equilibrisitmeitween discharge and
recharge. Except for Cave Valley, the pumping exceedeettharge within the
individual valleys, therefore to reach steady statedtawdown must become sufficient
to draw groundwater from surrounding valleys. This wan seéhe long-term pumping
drawdown maps (Figures 35, 36 and 40).

The biggest change in Cave Valley was the outflothéowest which dropped
from about 13 cfs to about 6 cfs in 100 years but stabiategar 5 cfs in 500 years
(Figure 41). Considered in more detail (Figure 42), it is egypdhat the change in flux
to the west occurred within five years. AdditionallyfjJam from the west increased from
near O cfs to greater than 5 cfs after about 400 yedrsantinued to increase after as
long as 1200 years (Figure 41). Inflow from the west didmeyease as quickly as the
outflow to the west decreased (Figure 41). The long-tecnease in flow to the south
(Figure 41) mirrors a long-term increase in flow fromnoeth to Dry Lake Valley
(Figure 45). The change in storage requires almost 500tgeg@ach almost O cfs
(Figure 41), but it decreased from negative 15 to about 2itfsjust ten years. This
reflects the rapid drawdown at the wells followed bydlosv expansion.

Downgradient from Cave Valley, the Moon River and Bot¢ek springs are most
affected by the pumping (Figures 43 and 44). After 1800 yeasg Hpeings go dry
(Figure 43); flow rates decrease by a third within threesyaad by a half within 20
years (Figure 44). The rapid flow decrease coinciddsavity small head changes near
the springs. As occurs in confined aquifers, stress pragmtabugh the aquifers
quickly. Spring flow is sensitive to head changes innloelel and in reality because of
the low gradient driving flow. In other words, the heathatspring is close to the
groundwater surface, so small changes make significangekam the flow.
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Cave Valley Mass Balance
Pumping SNWA's Applications
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Figure 41: Hydrograph of flux into and out of Cave Valley forpumping SNWA'’s entire application
amount; includes change in storage. 2000 years of pumping.
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Figure 42: Hydrograph of flux into and out of Cave Valley forpumping SNWA's entire application
amount; includes change in storage. 50 years of pumping.
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White River Spring Flows
Pumping SNWA's Applications

-10

-15

Flux (cfs)

-20

-25

-30

-35 T T
0 200 400

T T T T T T T
600 800 1000 1200 1400 1600 1800

Years

Moon R and Hot Ck Spgs
Pahranagat Valley Springs —¥— Panaca Hot Springs

Morman Spgs ——N White R Valley Spgs

2000

Figure 43: Hydrograph of flux from nearby springs. 2000 yearsf pumping.

White River Spring Flows
Pumping SNWA's Applications
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Figure 44: Hydrograph of flux from nearby springs. 50 years bpumping.

Fluxes do not reach steady state in either Dry loakK@elamar Valleys within

2000 years (Figure 45 and 47). In Dry Lake Valley, after 200G yapproximately 2
cfs continues to be removed from storage (Figure 45).elar@ar Valley, the similar
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value is about 1 cfs (figure 47). These rates are appraedyriat and 7 percent of the
pumping rates. Also, continuing pumping draws from surrowntdasins further
indicating that conditions are not approaching steadg.st@ave Valley has much more
recharge which helps conditions to approach steady dtafery Lake Valley, the
discharge to downgradient basins does not decrease [woptety as much as it does
from Cave Valley. In fact, outflow to the west imases initially due to pumping from
the south end of Cave Valley which is west of thémend of Dry Lake Valley (Figure
45); overall, the outflow rate decreases just 20 percEme. increase in inflow from the
west is more substantial, from 4 to about 13 cfs @0€0 years (Figure 45) but with an
initial doubling within 15 years (Figure 46).

Very slowly, outflow to and inflow from the east destse and increase about 10
percent (Figure 45and 47), respectively. Discharge fromdae®yarings reflects this
change, decreasing about 15 percent over 2000 years (Figuréljlow changes very
little within 50 years (figure 44). The slow change atRla@aca Hot Springs reflects the
expectation that there might be no effect to thé easdiscussed above, due to
topography and geology. But, as drawdown increases ih&ékg Valley, the gradient
causes flux from Lake Valley to reach Dry Lake Vallédfter an initial increase, there is
also a very small decrease in flux to the south. fédfiscts the fact the Delamar Valley
wells are more than ten miles south of the divide betiee valleys and that there is
more tendency, due to transmissivity, for flow to thetwe

Dry Lake Valley Mass Balance
Pumping SNWA's Applications
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Figure 45: Hydrograph of flux into and out of Dry Lake Valley for pumping SNWA's entire
application amount; includes change in storage. 2000 yearsmimping.
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Dry Lake Valley Mass Balance
Pumping SNWA's Applications
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Figure 46: Hydrograph of flux into and out of Dry Lake Valley for pumping SNWA's entire
application amount; includes change in storage. 50 years pfimping.

Delamar Valley Mass Balance
Pumping SNWA's Applications
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Figure 47: Hydrograph of flux into and out of Delamar Valley for pumping SNWA'’s entire
application amount; includes change in storage. 2000 yearsmimping.



Delamar Valley Mass Balance
Pumping SNWA's Applications
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Figure 48: Hydrograph of flux into and out of Delamar Valley for pumping SNWA'’s entire
application amount; includes change in storage. 50 years pfimping.

Neither Dry Lake nor Delamar Valleys approach stesdte within 2000 years
(Figures 49). Summing the storage change for the thresysappumping at the applied-
for rate does not allow conditions to reach steadg sté@hin 2000 years. Although
almost 7,300,000 af are removed from storage in Dry Lakey/ahis is just 30 percent
of the total volume pumped. The 2,600,000 and 640,000 af remmradcstforage in
Delamar and Cave Valley are 11 and 2.7 percent, respgctifehe total pumpage; the
remainder is a decrease in discharge from springs @g&aecreases in surrounding
valleys.

Pumping at the Perennial Yield If SNWA pumps at the published perennial
yield values, the changes in water balance fluxes andasssén spring flow will be
substantially less. Because the modeling is effectiiredar (because of the confined
aquifer assumption), the flux differences betweemages vary in an amount
proportional to the difference in pumping rates. In Céakey, the changes are the least
because the perennial yield is just 2000 affy or abolltdf/éhe application rate. As
expected, outflow to and inflow from the west decreasdsracreases by about that
amount (Figure 50). The Moon River and Hot Creek Springsddsrease flow by about
1/6" (Figure 53), rather than eventually drying as occurred puithping at the full
application. At this rate, steady state is approximatsgyghed in 150 years.

90



Three Valleys
Pumping Full Application Rate
Cumulative Loss from Storage
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Figure 49: Cumulative storage lost and recovered in Cav®ry Lake and Delamar for pumping the
published perennial yield from each valley. 2000 years otiymping.

Similar changes to pumping at the full application ed¢e occurred in Dry Lake
and Delamar Valleys. In Dry Lake the pumping rate of 25§0s1/5" of the
applications and the flux changes are proportionate #giy. In Delamar, the
pumping rate is more than /#hat of the full application amount. The flux chasigee
greater in Dry Lake and Delamar valleys because,ratddull application pumping
rate, there is less recharge (Figures 51 and 52). The pgimgroves a larger amount of
water from storage. In Dry Lake Valley, steady sia@gproached within the 2000 year
period. In Delamar Valley, steady state is almoathed within 1500 years although an
additional 10 percent of the total storage is removeldrast 500 years of the 2000-year
period.

Flux from the fully appropriated Pahranagat Valley Sgsidecreases by about 2
cfs overall with the majority of the decrease reachitkl 500 years (Figure 54). There is
little observable effect on the flux from Panaca Hotir®)s at this pumping rate.

The changes caused by the proposed pumping on the regiongs spe the most
important impacts caused by SNWA's applications. Remowiadransitional storage
lowers the water table and reduces the discharge frosystem. There is no GW ET
discharge from the three targeted valleys, thergf@evell pumping must be displaced
by decreasing discharges outside of the three vallgiygh of the pumping discharge is
displaced from the regional springs (Figures 43, 44 and 54).

91



Cave Valley Mass Balance
Pumping Perennial Yield
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Figure 50: Hydrograph of flux into and out of Cave Valley forpumping the published perennial yield

from each valley; includes change in storage. 2000 yearspafmping.

Dry Lake Valley Mass Balance
Pumping Perennial Yield
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Figure 51: Hydrograph of flux into and out of Dry Lake Valley for pumping the published perennial

yield from each valley; includes change in storage. 2000 ysaof pumping.
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Delamar Valley Mass Balance
Pumping Perennial Yield
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Figure 52: Hydrograph of flux into and out of Delamar Valley for pumping the published perennial

yield from each valley; includes change in storage. 2000 ysaof pumping.

Three Valleys
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Figure 53: Cumulative storage lost and recovered in Cav®ry Lake and Delamar Valleys due to

pumping the published perennial yield from each valley.2000 years of pumping.
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White River Spring Flows
Pumping Perennial Yield
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Figure 54: Hydrograph of flux from nearby springs due to punping the published perennial yield
from Cave, Dry Lake and Delamar Valleys. 50 years of punipg.

After 100 years, the total regional spring discharge harkdeed by 13 cfs, or
about 27.8 percent of the 48 cfs of total pumping. After 2@@0sy the springs had
decreased by 29 cfs, or 60.4 percent from their pre-develaghseharge rate. Contrary
to many changes in the flux hydrographs discussed atle/spring discharge does not
recover quickly; it remains decreased from pre-developnages for more than another
2000 years. After 2000 years, the total flow lost fromsiimengs was 75 percent of the
total that would be lost for the entire 4000 year anajysigd (Figure 55). The 2000-
year point is an inflection point at which the ratemafrease in lost spring flow begins to
decrease. For pumping at the perennial yield rate, totaling 118,3&ter 100 years, the
total regional spring discharge had decreased by 2.3 cfs op@zént (Figure 55).

After 2000 years, the spring flow discharge had decreased lmystor 58.9 percent. The
percent decreases are very similar for the diffgpentping rates which reflects the linear
nature of the modeled system. After 2000 years of pumpingetitenial yield, the total
flow lost from the springs was 71 percent of the tdtat tvould be lost for the entire
4000 year analysis period; again, the closeness of this t@kthat determined for
pumping the application rate demonstrates the systearilipe In fact, the slight
differences probably reflect the different pumping rabesefich valley as a percentage of
recharge that occurs in the specific valley.
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Three Valleys
Cumulative Volume Lost from Regional Spring How

50000000

45000000 POV o ad

40000000

35000000 4

30000000

25000000

20000000 4 /
15000000 ‘j
10000000

5000000 1

Volume (af)

0

0 500 1000 1500 2000 2500 3000 3500 4000 4500

Years

‘—0— Pumping Full Application —s— Pumping Perennial Yield ‘

Figure 55: Cumulative lost flow from the regional spring, including the Muddy River springs
(which decreased by up to 0.5 cfs).

Much of the flow pumped for these applications will éuafly be lost to
downgradient springs, although there is a significantitag. As discussed above, the
Moon River and Hot Creek Springs will experience initialrdases quickly. Overall,
within 100 years, about one quarter of the pumping ratetdrimm the springs; this
increases to almost 60 percent within 2000 years. Losdesowiinue for more than
another 2000 years if the pumping ceases after 2000 years.

Conclusion from Model Analysis

Four major conclusions are obvious from this analytf®ws and changes
caused by SNWA's proposed pumping with the US Geological $8riRASA
groundwater model.

» Drawdown at the wells increases quickly while the dramdoone expands
slowly as the amount of transitional storage removepusgping increases.

* The expanding drawdown cones affects the fluxes atihedsasin boundaries.
Outflow from the targeted basins decreases and inflowaserseor is caused to
commence.

» The changed interbasin flow and expanding drawdown causéiewhat regional
springs downstream from the targeted basins to be dedre&sene springs
experience changes very quickly because they lie reameaof higher
transmissivity between the basins. Groundwater modetiogs that the effects
of pumping will begin to show at downgradient springs \egrigkly. Half of the
long-term decreases in spring flow in the nearest spsings& up in from five to
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twenty years. Because of the lag for recovery, phmg flow remains less than
its predevelopment steady state for more than twie@timping period, or for
2000 years beyond the end of pumping in this analysis.

* Eventually, most of the new groundwater pumpage will caedbeced flow from
the regional springs because there are almost no Gdidefarge sites within the
valleys. The drawdown in downgradient basins is notcsefft to capture
sufficient amounts of GW ET discharge from them. Beeaall new discharges
must eventually result in decreased discharge somewhsregasonable to
expect that the decreases will occur to regional springs.

Conclusion

SNWA's proposal to develop up to 34,500 af/y of groundwaten fdave, Dry
Lake and Delamar Valleys vastly exceeds the published pergiaithin the valleys.
Further, for Delamar and Dry Lake Valleys, the publisheépaal yield is substantially
overestimated.

The proposed amount exceeds the available wateron thie White River Flow
System. Both White River Valley and Pahranagat Vallgedd on interbasin flow to
support existing water rights and still have flow leavingrBafgat Valley to support
uses further downgradient. Both the White River and Pagaanélley springs are fully
appropriated and the discharge from these springs depemugswrdwater and interbasin
flow. Existing development has reduced the steady flomfPahranagat Valley to about
a third of its pre-development value. Developing eiBidkVA’s application amount or
the published perennial yield will cause discharge from Papsanéalley to become
negative once steady state becomes established.

Groundwater modeling has shown that the impacts of demglahese water
rights will expand very rapidly. For pumping SNWA's fafpplications, drawdown at
the Dry Lake and Delamar wells in layer 2 exceeded 2QGfes just 8 years; in Cave
Valley it was 40 feet. This drawdown at the wells catisesone to quickly expand into
White River Valley. Low permeability in the center i@ Valley prevented expansion
of drawdown into north Cave Valley. But, substantiatlgre drawdown occurs to the
west than to the east as expected from the primariatige being to the valleys to the
west. Topography and low transmissivity prevent thgaagion of drawdown to east for
100 years. The 20-foot drawdown approaches but does noeffckympass the springs
in White River and Pahranagat Valleys. Even after 20@8sy¢he 20-foot drawdown
will have expanded past the springs but still be less2Bdret at the springs due to the
high transmissivity near those springs.

Drawdown caused by pumping at the perennial yield ratessthe&an for pumping
at the full application rate. The biggest differenciha the drawdown is not as great
near the wells for the full application rate. Thé&er small difference between impacts
at more distant sites fro pumping at the full applicatate and the perennial yield rate
reflects the rapid spread of the drawdown cone andaghid impact on surrounding
springs.
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Spring flow reductions occur quickly in response to the edipgrdrawdown.
Full development of the applications will cause MoaveRand Hot Creek Springs to
lose a third of their flow within three years; everiiyuthese springs go dry. The
Pahranagat River Springs lose about 2 cfs within 20 yiel; harming water rights’
holders dependent on the springs. Over 2000 years, thé&dowPahranagat Valley
springs reduces by about one-third. Due to drawdown slowlgrehkng east, the Panaca
Hot Springs flow will be reduced by 0.5 cfs; this occurs ialley which does not have
an interbasin flow interchange with the targetedrsasnder natural conditions. For
pumping the perennial yield, the impacts to Moon River and He¢lCsprings
commence immediately but not as precipitously. AB@0 years the flow decrease is
just 1 cfs; the total decrease after 2000 year is just &.5Similarly, the total decrease
for Pahranagat Valley springs is just 2 cfs after 2000syear

There is not sufficient groundwater available to grantveaer rights from these
applications. Any water that is developed will rapidiget downstream springs. These
applications should be totally denied.
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Appendix 1: Well Logs
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Plate 1: Geology of the Cave Valley, Dry Lake
and Delamar Valley Area
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