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VOLUME THREE OF EXHIBITS IN SUPPORT OF EMERGENCY
MOTION FOR STAY UNDER NRAP 27(E) AND JOINDER

Appellant, the Center for Biological Diversity, by and through counsel,
submits Volume Three of its exhibits in support of its Emergency Motion for Stay

Under NRAP 27(e) and Joinder pursuant to NRAP 8(a)(2).

Affirmation: The undersigned do hereby affirm that the preceding document

and/or attachments do not contain the social security number of any person.

Dated this 2nd day of June, 2022.

/sl Scott Lake

SCOTT LAKE, NV Bar No. 15765
CENTER FOR BIOLOGICAL DIVERSITY
P.O. Box 6205

Reno, NV 89513
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CERTIFICATE OF SERVICE
I certify that I am an employee of the Center for Biological Diversity, and that
on this 2nd day of June, 2022 I served a true and correct copy of the foregoing by
electronic service to the participants in this case who are registered with the Nevada

Supreme Court’s efiling system to this matter.

/sl Scott Lake
Scott Lake
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1.0 INTRODUCTION

The purpose of this report is to address the Nevada State Engineer’s (NSE) request in Interim
Order 1303 (Order 1303) to provide a report regarding the water resources in the Coyote Spring
Valley, Muddy River Springs Area, California Wash, Hidden Valley, Garnet Valley, and a portion of
the Black Mountains Area (alternatively, The Joint Administrative Unit). Specifically, Order 1303

requests that interested stakeholders address:

a. The geographic boundary of the hydrologically connected groundwater and surface

water systems comprising of the Lower White River Flow System;

b. The information obtained from the Order 1169 aquifer test, subsequent to the aquifer
test, and from Muddy River headwater spring flow as it relates to aquifer recovery

since the completion of the aquifer test;

¢. The long-term annual quantity of groundwater that may be pumped from the Lower
White River Flow System, including the relationships between the location of
pumping on discharge to the Muddy River Springs and the capture of Muddy River

flow:

d. The effects of movement of water rights between alluvial wells and carbonate wells

on deliveries to senior decreed rights on the Muddy River; and,
e. Any other matter believed to be relevant to the State Engineer’s analysis.

The following report addresses the issues raised in Order 1303 and provides

recommendations on how to provide long-term management for sustainability in the Lower White
River Flow System (LWRFS).

Stetson Engineers Inc. Page | July 3, 2019
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2.0  ORDER 1169 AQUIFER TEST AND POST-TEST RESPONSE

After reviewing aquifer test reports resulting from Order 1169 (March 8, 2002) and Order
1169A (December 21, 2012), the NSE issued Ruling #6255 on January 29, 2014. NSE’s Order 1169
placed new applications for appropriation of water from Coyote Spring Valley, Black Mountains
Area, Garnet Valley, Hidden Valley, Muddy River Springs Area, and Lower Moapa Valley
(collectively termed Order 1169 Basins) in abeyance until the aquifer test was completed. NSE
Order 1 169A stated that the aquifer test was completed as of December 31, 2012, and the parties had
until June 28, 2013 to file reports based on the test data.! Subsequently, aquifer test reports were
submitted by Southern Nevada Water Authority (SNWA), Coyote Springs Investment, LLC (CSl),
U.S. Department of Interior (DOI), Moapa Band of Paiute Indians (MBOP), Moapa Valley Water
District (MVWD), Great Basin Water Network (GBWN), and the Center for Biological Diversity
(CBD).

The NSE issued Ruling 6255, which upheld the protests to applications for new
appropriations in Order 1169 Basins, denying new applications based on the grounds that there is no
unappropriated water, and that new appropriations would conflict with existing water rights. Ruling
6255 also addressed perennial yield and found that the scientific literature supported that the Coyote
Spring Valley, Muddy River Springs Area, Hidden Valley, Garnet Valley and California Wash
basins should be jointly managed.” Ruling 6255 did not determine the perennial yield of Coyote
Spring Valley, but instead indicated that the total supply to the Order 1169 Basins is likely less than
50,000 acre-feet per year (AFY).?

2.1  SUMMARY ASSESSMENT OF ORDER 1169 TEST REPORTS

The information contained in the Order 1169 aquifer test reports by SNWA, CSI, DOL,
MBOP, MVWD, GBWN, and CBD did not adequately present all the existing information to allow
for the NSE to make an informed decision regarding the availability and sufficiency of water in what
would become the Joint Administrative Unit. These reports were not unanimous in whether water
was captured from storage or recharge, the effects of climate, or the impacts of geologic structure,

among other differences.

The SNWA Study Report (SNWA, 2013) observed that there is a lack of pumping responses
north of the Kane Springs Fault, in an area nortb of the MX-5 pumping site. Observations by SNWA
in their June 2013 Order 1169 Test Report also noted the presence of flow barriers in the Coyote

1 Order 1169A also rescinded provision 8 of Order 1169 that required an update to Exhibit No. 54 from the July 2001
hearing.

2 Ruling 6255, para V, page 26.

3 1Ibid.

Stetson Engineers Inc. Page 2 July 3, 2049
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Spring Valley: “Monitor wells CSVM-3 and CSVM-5 do not show any response due to pumping
from the MX-5 and CST 1-4 wells, strongly suggesting the presence of flow barriers between these
wells and MX-5 rather than a delayed response.” SNWA’s analysis of Muddy River streamflow at
the Moapa gage also found that “nearby carbonate pumping” was not influencing senior Muddy

River surface-water rights.’

The MBOP Order 1169 Study (MBOP, 2013) observed that declines in groundwater levels
during the test period were affected by local and regional climate, atmospheric pressure, tides, and
ctustal loading phenomena. Additionally, the MBOP Study concluded that the pumping response

from groundwater pumped at MX-5 is dominated by boundary conditions, not groundwater storage.®

The DOI Study (DOI, 2013) observed that water captured during the test was likely from
groundwater storage, and only a fraction was from natural discharge,’ but their conclusion was based
on an average 1.4-foot decline over the entire study area due to pumping without consideration of
climate variability. The DOI report specifically stated: “Likewise, no corrections have been made for
longer-term (regional) trends in groundwater levels given continued uncertainties concerning the
availability of a ‘reference’ well that can be used to make such corrections.”® Contrary to their
assumption, the records® indicate that long-term seasonal variations due to recharge and
anthropogenic impacts, including those from local carbonate and alluvial pumping, affect surface

water resources of the Muddy River.

The GBWN Study (GBWN, 2013) observed that “groundwater levels for all wells have been
decreasing since the mid-1990s with some recovery due to wet conditions from 2004 to 2005.
During the 2010 to 2012 pump test period the rate of decline in carbonate wells increased.”!® Data
provided in their report indicates that groundwater levels in the carbonate aquifer'! and spring
discharge at the Pederson Spring Complex'? increased following the 2005 wet year event. While the
GBWN Study notes that “After 2005 the region primarily returned to drought conditions. The late
1990s were among the wettest years since 1980,” it does not differentiate the impacts caused by

Order 1169 pumping, other pumping in the five-basin area, and climatic conditions. Additional

4 SNWA June 2013 Order 1169 Report, page 36.

5 Ibid, Page 45.

6 MBOP Order 1169 Study, page 32.

7 DOI Order 1169 Study, Page 31.

8§ Ibid, page 9.

9 As presented and explained in this report.

10 GBWN, 2013. Section: Muddy River Springs Area

i1 Ibid, Figure 13

12 Ibid, Figure 17

13 Ibid, Section: Discussion of Pumpage, Groundwater Levels and Spring Discharges.
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to 2017. Beginning in 2000, an extended dry period occurred through 2012, except for above
average rainfall in 2004 and 2005. The end of the extended dry period in 2012 corresponds with the
end of the Order 1169 aquifer test.

A CDM curve may also be used to describe a balanced hydrologic cycle, which occurs when
the beginning and end of the cycle show a similar value for cumulative departure. For example, the
36-year period from 1982 through 2017, at both rainfall records, begins and ends on the zero value
for cumulative departure, indicating that this 36-year period has the same conditions, on average, as
the longer-term periods on each graph. 1982 through 2017 reflects a balanced hydrologic cycle,
containing wet periods in the early 1980s and mid-2000s, an average period from 1992 through
2000, and a dry period from 2006 through 2012. Fot short-term planning, a 14-year balanced
hydrologic petiod may be identified from 2003 through 2016. The data for the Extreme Southern
region of Nevada shows a wetting cycle in 2004-2005 and an extended dry period from 2006
through 2017, The Pahranagat Wildlife Refuge precipitation record for [4-year period is
characterized by the 2004-2005 wet cycle and a dry cycle from 2006 through 2012.

Investigation and analysis of long-term hydrologic cycles that include extended wet and dry
periods are required to assess the occurrence, movement, and availability of groundwater in the
LWRES. Wet hydrologic conditions reset the balance of available groundwater and allow managers
to meet targets based on varying demands over the multiple year periods based on a balanced
hydrologic period. The Order 1169 aquifer test that was conducted in 2011 and 2012 occurred at the
end of an extended dry period when all water resources throughout the LWRFS were negatively
affected.
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2.3 REVIEW OF 2013 SERIESSEE ANALYSIS

Order 1303 relies on Ruling 6254, which cited modeling analysis by the DOI that identified a
regional-wide carbonate aquifer water-level decline, estimated to be 1 to 1.6 feet in 1,100 square
miles of the LWRFS'® during the Order 1169 aquifer test. Ruling 6254 cited the DOI’s Order 1169
Aquifer Test report (DOI, 2013), which used SeriesSEE modeling to discern and partition the effects
of pumping at MX-5 on other locations. Review of the DOT Order 1169 Report and attached
appendices show that it does not represent an adequate basis for establishing an “Administrative
Unit” for the entire LWRFS. The documented SeriesSEE modeling does not include local and
regional recharge, changes in the alluvial aquifer, climatic variability, or boundary effects that could

affect the model’s conclusions when the fuil dynamics are accounted for in the LWRFS.

The DOI report relied upon by the State Engineer in Order 1303 is based on modeling results
that support a region-wide drawdown based on a simple Theis solution. The calibration process,
hydrogeologic parameters used for modeling, and supporting pump test data are not documented and
do not allow for third-party verification. Both regional and local recharge that affect the availability
of water is not accounted for in DOD’s evaluation. Furthermore, available data from 2013 through
2017 have not been used to verify the results of the 2013 model. Based on the lack of documentation
and third-party repeatability, the DOI report should not be the primary document relied upon to

support region-wide water level drawdown and the need for Order 1303,

In order to evaluate the results from the 2013 DOI model, a Theis solution was utilized to
assess relative impacts to the Pederson Spring Complex from pumping in both the Coyote Spring
Valley and Muddy River Springs Area. Previously published data'” was relied upon to analytically
model groundwater level drawdown in the Muddy River Springs Area from two pumping centers
located at MX-5 and Arrow Canyon wells. The analytical model AquiferWin32® was used to
simulate drawdown caused by pumping at the two locations. All pumping in the Coyote Spring
Valley was simulated as occurring at the MX-5 well location in the eastern portion of Coyote Spring
Valley. Since MX-5 is the closest well to the Pederson Spring area (compared to other production
wells in Coyote Spring Valley), this provides a more conservative assumption for the analysis. The
MX-5 location is approximately 11.5 miles west of the Pederson Spring location at a heading of
300°, A single pumping rate of 5,217 AFY, or 3,232 gallons per minute (gpm), was selected to
represent pumping at this location. This is the average of calendar year (CY) 2011 and CY 2013
production rates, as reported in SNWA (2013).

16 Order 1303, Page 4.

17 Reported transmissivity by SNWA (2007, Table E-1) averages 279,249 ft¥/day for Coyote Spring Valley and Muddy
River Springs Area wells, Measured transmissivity at CSI-4 of 130,000 ft*/day based on 670 feet of saturated aquifer
completed in a fractured zone of the carbonate aquifer.
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A midpoint location between the two Arrow Canyon wells was used to simulate carbonate
pumping in the Muddy River Springs Area. This location is 2.5 miles from the Pederson Spring
location, at a heading of approximately 320°. The volume of pumping was estimated to be 3,000
AFY, or 1,859 gpm. This is similar to an estimate of historical pumping shown in some of the
figures in SNWA (2013) for the Muddy River Springs Area. Simulated drawdown due to (D
pumping in Coyote Spring Valley, (2) pumping in Arrow Canyon, and (3) pumping from both well

locations are shown in Figure 2.

Simulated groundwater level drawdown at the Pederson Spring Complex due to pumping
5,217 AFY in Coyote Spring Valley is estimated to be 0.28 feet (see green line in upper graph of
Figure 2) after two years. Simulated groundwater level drawdown at the Pederson Spring Complex
due to pumping 3,000 AFY at the Arrow Canyon Wells is estimated to be 0.46 feet (see red line in
middle graph of Figure 2) after two years. Finally, simulated groundwater level drawdown at the
Pederson Spring Complex due to pumping a combined 8,217 AFY at the Coyote Spring Valley and
Arrow Canyon Wells is estimated to be 0.74 feet (see blue line in lower graph of Figure 2) after two
years. Results of this analysis indicate that pumping in Coyote Spring Valley during the Order 1169
Aquifer Test has a 38% impact on groundwater level decline at the Pederson Spring Complex after

two years when climate and other diversions in the LWRFS are ignored.

The results of this analysis provide an example of the difference in impacts to groundwater
levels at the Pederson Spring Complex due to pumping in Coyote Spring Valley versus Arrow
Canyon. The analysis was based on Theis equation analytical model that assumed:

1. Groundwater pumping occurs at a constant average rate through the year based upon

historical groundwater production;

- Groundwater pumping is generalized to occur at two locations;
An existing general flow gradient of a | foot drop every 2 miles;
A homogeneous aquifer;

The aquifer was assumed to be of infinite extent, and no additional influences to the
resulting cone of depression were considered beyond the specified gradient. This includes
no recharge or surface inflows from precipitation, agriculture return flows, streamflow, or
other sources;

SIS

6. No boundary effects.

This evaluation was performed to develop a relative impact analysis of pumping in Coyote
Spring Valley and MRSA to groundwater levels at the Pederson Spring Complex. The results are
different than those presented in the 2013 DOI report. Our results show a greater influence on
monitoring well EH-4 water levels from pumping at Arrow Canyon wells, which are closer to the
spring complex, than from pumping at MX-5 in Coyote Spring Valley, which is farther from the
springs. The DOI SeriesSEE model simulates the greatest impact at EH-4 from pumping in Coyote
Spring Valley.
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2.4 CALCULATED DRAWDOWN AT AN OBSERVATION POINT USING THE THEIS SOLUTION

The Theis solution was used to estimate the impact of two pumping wells on drawdown at an
observation point based on varying values of transmissivity. While the solution does not account for
recharge, groundwater pradients, or boundary effects, it provides an analysis of relative impact to
drawdown at an observation point from two pumping wells located at different distances from the
observation point. The location of the pumping wells and observation point are consistent with MX-
5, Artow Canyon wells, and the Pederson Spring Complex shown in Figure 2. The pumping rate at
the well 11.5 miles from the observation point was 3,232 gpm, while the pumping rate at the second
well located 2.5 miles from the observation well was 1,859 gpm. Each well pumped continuously for
three years so drawdown at the observation point could be assessed based on both transmissivity and
time. The values of transmissivity that were investigated spanned three orders of magnitude,
including 28,000 ft¥/day (209,440 gpd/ft), 280,000 ft*/day (2,094,400 gpd/ft), and 2,800,000 ft*/day
(20,944,000 gpd/ft). The storage coefficient (storativity) was held constant at 0.03 (dimensionless).

Given a transmissivity value of 28,000 ft*/day, drawdown at the observation point after 1
year is 1.65 feet due to the well pumping 2.5 miles away and 0.03 feet due to the well 11.5 miles
away (Table 1). When transmissivity is increased by an order of magnitude, to 280,000 ft*/day,
drawdown at the observation point after 1 year is 0.46 feet due to the well pumping 2.5 miles away
and 0.28 feet from the well 11.5 miles away. Finally, when transmissivity is increased to 2,800,000

ft2/day, drawdown at the observation point is 0.07 feet from the nearby well and 0.07 feet from the

distal well.

TABLE 1. THEIS SOLUTION FOR DRAWDOWN AT AN OBSERVATION POINT DUE TO TWO
PUMPING WELLS

Drawdown (feet) at Observation Point After:
Transmissivity | 1-Year of Pumping | 2-Years of Pumping | 3-Years of Pumping

11.5 miles from Pederson Spring (Q=3,232 gpm)

28,000 ft*/day 0.03 0.22 0.46
280,000 ft*/day 0.17 0.28 0.34
2,800,000 ft%/day 0.05 0.07 0.07

2.5 miles from Pederson Spring (Q=1,859 gpm)

28,000 ft*/day 1.65 2.29 2.68
280,000 ft%/day 0.39 0.46 0.50
2,800,000 ft*/day 0.06 0.07 0.07
Stetson Engineers Inc. Page 10 July 3, 2019
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The Theis solution also shows the impact to drawdown due to pumping over time. Generally,
the cone of depression expands at a faster rate given a lower value of transmissivity. The increase in
drawdown at the observation point due to constant pumping for three years at the nearby well is 62%
(1.65 feet to 2.68 feet) when transmissivity is 28,000 ft*/day and 16% (0.06 feet to 0.07 feet) when
transmissivity is 2,800,000 ft*/day. Similarly, the increase in drawdown at the observation point due
to constant pumping for three years at the distal well is 14300% (0.03 feet to 0.46 feet) when
transmissivity is 28,000 ft*/day and 40% (0.05 feet to 0.07 feet) when transmissivity is 2,800,000
fi?/day. The Thcis solution shows that the cone of depression propagates at a slower rate when

transmissivity is high, and at a faster rate when transmissivity is low.

The Theis solution provides insight to the post-Order 1169 aquifer test data collected in the
Muddy River Springs Area. The bulk transmissivity value between Coyote Spring Valley and
Muddy River Springs Area is at least 280,000 ft*/day, and possibly much greater. Transmissivity in
the carbonate aquifer in Muddy River Springs Area and Coyote Spring Valley was reported to be
312,040 ft*/day (Arrow Canyon), 365,840 ft*/day (EH-4), 321,310 ft*/day (MX-5), and 117,847
fi2/day (MX-4) by SNWA (2007, Table E-1). A value that would be appropriate to estimate the
impact of pumping in Coyote Spring Valley to groundwater levels in Muddy River Springs Area
would be the average of reported transmissivity for these four wells of 279,259 ft?/day. Additionally,
a simple solution of Darcy’s flow equation based on the groundwater level elevation difference
between monitoring wells UMVM-1 and EH-5b, a flow corridor 1.6 miles wide and 4,000 feet deep,
and a flow of 37,000 AFY would result in a transmissivity value greater than 279,259 ft2/day.

The calculated drawdown at an obsetvation point located 11.5 miles from a weli pumping
5,217 AFY (3,232 gpm) for two years, based on the average transmissivity of 279,259 ft¥/day and a
storativity value of 0.03, is 0.28 feet. While this analysis does not account for groundwater gradients,
recharge, and boundary effects,'® it provides a relative impact analysis for a well pumping in Coyote

Spring Valley on an observation point in the Muddy River Springs Area.

Based on the above analysis, it is unlikely that impacts at the Pederson Spring Complex due
to pumping in Coyote Spring Valley occurred immediately after Order 1169 pumping began, as
previously indicated in the June 2013 Order 1169 aquifer test reports. Y The groundwater level in
EH-4 provides an appropriate representation of the groundwater-level at the Pederson Spring
Complex since only flow is measured at the springs. The 1.51-foot decline in EH-4 groundwater
level, from 1,816.57 ft above mean sea level (amsl) in May 2006 to 1,815.06 ft ams! in April 2011,%
is likely attributable to climate, total diversions in Muddy River Springs Area ( }, and other

18 The Theis solution assumes isotropic and homogeneous conditions.

19 See DOT (2013) page 3.
20 Spring-time groundwater levels in EH-4 reflect annual maximum values and are used for comparison.
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nearby pumping prior to the Order 1169 aquifer test. The continued 2.05-foot decline from April
2011 to April 2013 reflects the combined impact from climate and other pumping during the Order
1169 aquifer test on carbonate groundwater levels in the Muddy River Springs Area. The
explanation provided by SNWA (2018) is more plausible explanation of observed impacts near the
springs, indicating that Muddy River Springs Area alluvial and carbonate pumping impacts the

Muddy River streamflow, alluvial aquifer, and springs.

Total alluvial pumping, carbonate pumping, and surface water diversions in the Muddy River
Springs Area are compared to groundwater levels at EH-4 in . As depicted by the EH-4
hydrograph, groundwater levels have not recovered to pre-Order 1169 levels, which could be due to
local Muddy River Springs Area production and climatic variability. Because alluvial and carbonate
pumping in the Muddy River Springs Area has a direct impact on scnior decreed rights on the
Muddy River, the relationship between total diversions in the Muddy River Springs Area and surface

flow is an important concept to include in sustainable management.

The recovery of carbonate aquifer groundwater levels in EH-4 due fo increased recharge is
most pronounced in 2005, following the wet years of 2004 and 2005. Following these wet years, the
region experienced a long-term dry condition beginning in 2006 and lasting though the end of the
Order 1169 aquifer test in 2012. The dry hydrologic conditions during this period are reflected in the
decline in EH-4 groundwater-levels from 2006 through 2013, Likely due to slightly above normal
rainfall at the Pahranagat Wildlife Refuge from 2013 through 2017, EH-4 groundwater levels only
showed a modest recovery of 0.77 feet by April 2018. The most pronounced impact to EH-4
groundwater levels is due to the reduction in total diversions from the Muddy River Springs Area.
The long decline in EH-4 groundwater levels from 1998 through 2004 and from 2006 through 2013
can likely be attributed to tota! diversions in the Muddy River Springs Area. When total diversions

are reduced in 2014, groundwater levels cease to decline.
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The Theis analysis and review of water levels and production in the Muddy River Springs
Area indicate that factors other than pumping in Coyote Spring Valley are affecting spring discharge
at the Pederson Spring Complex. First, the rate of interbasin groundwater flow between Coyote
Spring Valley and Muddy River Springs Area dictates that transmissivity must be at least 280,000
fi2/day in order to achieve to achieve a rate of 37,000 AFY.*’ The high value of transmissivity results
in a minimal impact to EH-4 groundwater levels due to Order 1169 pumping as shown by the results
in Table 1.

Second, the Theis solution indicates that drawdown in the Muddy River Springs Area due to
pumping in Coyote Spring Valley would expand in magnitude over a period of two years. The Theis
analysis and post-Order 1169 data show that groundwater levels in the Muddy River Springs Area
are more responsive to changes in local production and hydrologic conditions, than they are

pumping impacts from Coyote Spring Valley.

Third, the impact from nearby carbonatc pumping at the Arrow Canyon wells would be much
greater than the impact from Coyote Spring Valley pumping over a short two-year period. Therefore,
factors such as Muddy River Springs Area stream diversions, alluvial pumping, carbonate pumping,
and regional climate have a greater impact on spring flow in the Muddy River Springs Area than

does pumping in Coyote Spring Valley.

21 See Section 5. Thomas et al. (2001).
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3.0 GEOGRAPHIC BOUNDARY OF THE LOWER WHITE RIVER FLOW SYSTEM

The purpose of this section is to describe the regional and local carbonate rock aquifer that
contains developable water resources in eastern Nevada and western Utah. In general, groundwater
moves parallel to faults, in a north-to-south direction, from the Upper White River Basin south
toward Lake Mead. Local recharge from rainfall and snowmelt supports water development in each
basin and may contribute to regional groundwater flow. Discharge from the aquifer occurs as a result
of groundwater production, discharge to streams and springs, interbasin groundwater flow, and loss
to evapotranspiration (ET). The mechanisms that control groundwater flow throughout the entire
carbonate rock province include structural geologic features, hydrogeologic properties, and natural

and anthropogenic stresses.

3.1 LWRFS BOUNDARY

The boundary of the LWRFS includes Coyote Spring Valley, Muddy River Springs Area,
California Wash, Hidden Valley, Garnet Valley, and a portion of the Black Mountains Area as
defined in Order 1303 (Figure 4). The upper boundary of the LWRFE'S is consistent with the
boundary identified in Order 1303. Specifically, the Pahranagat, Delamar, and Kane Springs Valleys
are not included since these areas are tributary to the LWRFS and are distinctly separated by fault
and structural boundaries.”> The Lower Meadow Valley Wash is also tributary to the LWRFS, and is
not included due to the depth to the carbonate aquifer and lack of existing or planned development.
The water resources in these four basins can be administered individually, or in combination with

other tributary basins.

Regional groundwater flow in the southeastern Nevada is generally in a north-to-south
direction along normal faults and fractures within the carbonate aquifer. Although watershed and
basin boundaries topographically define drainage patterns, they do not necessarily?® impact the
regional groundwater flow pattern. Faults and structural features are the first step in assessing
groundwater resources in the carbonate rock aquifer (Rowley et al., 2017). Although water resources
in the LWRFS are largely controlled by regional flow patterns, the boundary of the LWRFS, as

identified by Order 1303, may be used for administration and sustainability planning.

22 See Order 1169 Aquifer Test Repotts.
23 Basins defined by structural geologic boundaries or local lithology may affect regional groundwater flow.
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3.2  GEOLOGIC HISTORY

The geologic history of the castern part of Nevada is characterized by rocks ranging from
Precambrian sedimentary rocks to widespread Quaternary alluvial deposits (United States
Geological Survey (USGS), 2007). The geologic evolution of the study area since the end of
Precambrian (650 million year ago (mya)) time may be subdivided into three general phases: (1)
marine sediments deposited along a passive continental margin; (2) late Devonian to Eocene
compressive deformation; and (3) middle to late Cenozoic extension, faulting, volcanism, and
continental sedimentation (Levy and Christie-Blick, 1989). This sequence of sedimentation,
compressive deformation, and extensional faulting establish the geologic framework that controls
groundwater flow throughout eastern Nevada. Thus, any water-resource assessment of the area must
consider the complex geologic structure and geologic history, as well as the distribution of the

diverse rock types and geologic environments.

Many studies have been performed by USGS, Desert Research Institute (DRI), SNWA, and
others that describe the geologic history and framework in detail. The purpose of this section is to
illustrate that the historical sequence of deposition and tectonic aetivity shows how geologic units
and structure control the occurrence and movement of groundwater. The marine sediments that were
deposited between 540 mya and 250 mya generally include carbonates, shales, and quartzites that
form the aquifers which are the subject of this report. The formation of these sediments represents
the transgression and regression of the sea over a broad continental shelf and is depicted in the upper

cross-section of Figure 5.

Beginning at the end of the Devonian period (400 mya), compressional forces associated
with the Antler Orogeny began to affect the northwest portion of eastern Nevada (Rowley et al,,
2017). Later, around the Jurassic to early tertiary period (200 mya — 60 mya), structural compression
associated with the Sevier Orogeny resulted in north- to north-northeast striking folds and thrust
faults that are evident today throughout eastern and southeastern Nevada (Rowley et al., 2017).
Finally, Basin and Range extension beginning about 20 mya formed the north striking basins and
mountain ranges that characterize the Basin and Range province. The cross-sections shown in Figure
5 provide a generalized depiction of deposition, compressional folding, extensional faulting, and

mountain building occurring from about 500 mya to the present.
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The Sheep Range mountains, which are composed of carbonate rocks, form the western edge
of the Coyote Spring Valley. This range represents the leading edge of the Gass Peak thrust fault that
was associated with the Sevier Orogeny (200 mya — 60 mya) (Rowley et al., 2017). The eastern
boundary of Coyote Spring Valley is bounded by the Arrow Canyon Range to the south and the
Meadow Valley Range to the north, both of which were formed due to normal faulting associated
with Basin and Range extension. Additional normal faults associated with Basin and Range
extension ate present between the two ranges (Rowley et al., 2017). A gencralized geologic
depiction of Coyote Spring Valley based on Rowley et al. (2017) is shown in Figure 6. The
prominent geologic features of Coyote Spring Valley include the north- to north-northeast trending

fauits and the thick sequence of carbonate rocks.

3.3 IMPACT OF STRUCTURAL FEATURES AND FAULTS ON GROUNDWATER FLOW

Based on the most recent study by Rowley et al., (2017), “Basin and Range extension
controls groundwater flow,” and groundwater flow generally occurs along rock fractures associated
with normal faults (extensional), while flow across faults is retarded. Rowley et al. (2017) further
explain that extensional faulting is more important to groundwater flow, since these types of faults
tend to stay open compared to compressional faults (i.e. Gass Peak Thrust), which do not result in
open fractures for groundwater flow. Thus, identifying the locations of normal faults is a primary

target for describing groundwater flow in the carbonate rock province.

There are numerous north- to north-northeast trending extensional normal faults within
Coyote Spring Valley and the entire LWRFS that act to control the occurrence and movement of
groundwater. While some of these faults tend to convey groundwater parallel to the fault, they also
act to impede water flow perpendicular to the strike of the fault. The impact of these faults is
described in the various sections below, which detail the relative connection between pumping wells,

observation wells, and springs throughout the study area.
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1.4  MODIFIED NSIE COLORADO RIVER BASIN SYSTEM

The NSE’s Designated Groundwater Basins of Nevada Map (Nevada Division of Water
Resources, 2017) identifies 27 basins in southeastern Nevada as the Colorado River Basin (Basins
198 to 224). Included in these 27 basins are the six basins of the proposed LWRFS, including:
Coyote Spring Valley (210), Black Mountain Area (215), Garnet Valley (216), Hidden Valley (217),
California Wash (218), and Muddy River Springs Area (219). However, Cave Valley, (180), Dry
Lake Valley (181), and Delamar Valley (182) are not included in the NSE’s designation of the
Colorado River Basin, although they contribute to interbasin groundwater flow into the LWRFS and
the larger Colorado River Basin. Based on deuterium and oxygen-18 data analyses, Thomas and
Miheve (2011) suggest that interbasin groundwater flow occurs from Cave Valley into southeastern
White River Valley (207) and northeastern Pahroc Valley (208). Furthermore, Thomas and Miheve
(2011) also suggest that interbasin groundwater flow occurs from Dry Lake Valley into Delamar Valley,
eventually discharging into Coyote Spring Valley.?* Thus, based on this prior analysis, and for purposes
of this report, the Colorado River Basin boundary referenced in this report has been modified from the

NSE’s boundary to include Cave Valley, Dry Lake Valley, and Delamar Valley.

3.5 REGIONAL AND LOCAL GEOLOGIC MAPS

The most recent geologic map of eastern Nevada developed by Rowley et. al (2017) is
presented in Figure 7. The extent of the map reaches southern Elko, eastern Nye, White Pine,
Lincoln, and Clark Counties. Generalized geologic maps of the Colorado River Basin system and the
LWRFS are shown in Figure 8 and Figure 9, respectively. The drainage basins included in the
modified Colorado River Basin system have been adjusted from the NSE’s inventory of basins for
this area to account for interbasin groundwater flow from basins outside the NSE’s surface boundary
delineation, as discussed in Section 3.4. Additionally, individual geologic units have been
generalized into basement, carbonate, volcanic, or basin fill units in order to better depict the

aquifers that are the subject of this investigation (see Appendix A).

24 Thomas and Mihevc (2011) indicate that a portion of the interbasin flow from Delamar may flow to Pahranagat
Valley.
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3.6 APRIL 2019 GEOPHYSICAL INVESTIGATION

Major faults within Coyote Spring Valley are based on Rowley et al. (2017) and a Controlled
Source Audio-frequency Magnetotellurics (CSAMT) survey performed at the request of Coyote
Springs Nevada, LLC (CS Nevada) during April 2019. A CSAMT survey transmits electrical signals
into the ground through a 3,000~ to 5,000-foot-long wire, grounded at each end to control the
electrical source. Electrical responses are then gathered at a receiver site located up to six miles
away from the transmitter. These signals are then processed to determine the electrical resistivity of
the geologic formations below the receiver site. By making measurements at numerous receiving
stations along a line, a cross section of the earth’s electrical resistivity properties can be produced,
providing information about subsurface faults, fractures, geologic structures, mineralization, and
groundwater. CS Nevada employed the CSAMT technique to assess the locations of normal
(extensional) faults and structural blocks in Coyote Spring Valley to assess the preferred paths of
groundwater flow. The location of the April 2019 CSAMT cross-section survey Lines A, B, and C

are shown in Figure 10.

Review of the April 2019 CSAMT cross-section Lines A and B (Figure 11 and Figure 12,
respectively) shows a prominent carbonate block (blue color), bounded on either side by normal
(extensional) faults. The carbonate block occurs between stations 8,900 and 11,500 on Line A, and
between stations 9,000 and 12,000 on Line B. While these normal faults were mapped by Rowley et
al. (2017), their location and relationship to the carbonate outcrop in Coyote Spring Valley provides
evidence that there are two separate north-south flow paths. One flow path on the west side supports
regional groundwater flow toward Hidden Valley, while the eastern flow path supports regional

groundwater flow toward Muddy River Springs Area and California Wash.

The resistivity of unsaturated limestone to range from 50 ohm-meters (Qm)} to 107 Qm and
unsaturated dolomite to range from 350 Qm to 5,000 Qm (Telford et. al, 1976, Appendix B).
Saturated limestone is reported to be 600 Qm with 11% water content; and saturated dolomite is
reported to be 530 £2m with 2% water content®. Unsaturated alluvium and sands are reported to
range from 10 m to 800 Qm. The green color at the surface (approximately 100 Qm) of Lines A
and B likely represents unsaturated alluvium and sands; while the deeper layers immediately below
the unsaturated alluvium, shown as brown to yellow (8 Qm to 20 Qm), likely represent saturated
alluvium. The darker red colors ranging from I Qm to 5 Qm represent saturated basin fill and
carbonate rocks. The dark blue color (600 2m to 10,000 Qm) in Lines A and B represent
unsaturated limestone that was confirmed by surface mapping, while the lighter blues and greens
within the solid blue carbonate block may likely represent areas of saturated fractured limestone

within the carbenate block.

25 The actual resistivity of these sediments in Coyote Spring Valley will vary from reported book values due to
temperature and chemical composition of the water.
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Production wells MX-5 and CSI-2 are located on the eastern side of the carbonate block,
while production wells CSI-1, -3, and -4 are Tocated on the western side of the block. The carbonate
block effectively isolates the groundwater production wells on the east side of the carbonate block
from those on the west side of the carbonate block. The carbonate block also results in a division of
groundwater inflow to Coyote Spring Valley from Pahranagat, Delamar, and Kane Springs Valley.
Interbasin groundwater outflow from Coyote Spring Valley is to both the Muddy River Springs Area
and Hidden and Garnet Valleys. Furthermore, the carbonate block and normal faults isolate local
recharge from the Sheep Range to the zone west of the carbonate block, such that it eliminates or
limits contributions of local recharge to interbasin groundwater flow to the Muddy River Springs

Area.

A previously unmapped fault (shown in red in Figure 9), located at station 1900, is evident at
the western end of Line A by the offset in low resistivity (ved color) values. The presence of this
fault is further supported by the transmissivity values measured at CSI-4 to be 130,000 ft?/day in a
well that penetrated 670 feet of carbonate aquifer (Johnson, 2006). The transmissivity at this well
was an otder of magnitude higher than values measured in CSI-1, -2, and -3, indicating that CS1-4

was likely located in or near highly fractured carbonate associated with extensional faulting.

Results from Line C (Figure 13), located immediately southeast of CSVM-1, identify the
previously mapped sub-parallel faults between Coyote Spring Valley and the Muddy River Springs
Area. The geophysical data suggest that the area between the faults is highly fractured, supporting

the previous interpretation of an area of high transmissivity.

The preliminary results of combining the generalized geologic map, known faults, and faults
identified through tbe April 2019 CSAMT survey are shown in Figure 9. While the locations of
faults mapped by Rowley et al. (2017) have not been adjusted based on the April 2019 CSAMT
survey, the new fault mapped at the west end of Line A has been added. As previously discussed,
groundwater generally moves paralle! to normal (extensional) faults in the north-to-south direction.
Groundwater flow in the west-to-east direction is impeded by the normal faults, except in areas
where cross faults create a preferred pathway for groundwater flow. The Pahranagat Wash from
Coyote Spring Valley to Muddy River Springs Area represents one of these areas where faulting
between the two basins has resulted an area of high transmissivity for groundwater flow, thus
creating a preferred flow path from the cast side of Coyote Spring Valley to the Muddy River
Springs Area.
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4.0 LWRFS AND COYOTE SPRING VALLEY WATER BUDGETS

Groundwater flow through the carbonate aquifer in the LWRFS originates from both regional
and local recharge sources. The regional source of groundwater flow is interbasin flow that
originates approximately 200 miles to the north, at the head of the White River Flow System (Eakin,
1966). Additional precipitation and recharge falling in Nevada’s central eastern mountains recharges
the regional carbonate aquifer that flows north-to-south, towards Las Vegas and Lake Mead. Lacal
recharge occurs within many of the individual basins, along the bounding mountain ranges that
define each basin’s geographic boundary. Local recharge contributes to and supports groundwater
production and evapotranspiration within a basin, as well as regional interbasin groundwater flow

between adjacent basins.

4.1 LOCAL RECHARGE FROM THE SHEEP RANGE

Local recharge to Coyote Spring Valley from the Sheep Range, which has been estimated in
literature to range from 1,900 AFY to 14,000 AFY?, may be considered the perennial yield of
Coyote Spring Valley. Eakin (1964) estimated recharge in Coyote Spring and Kane Springs Valleys
to be a combined 2,600 AFY. An isotopic study by the USGS (Thomas et al., 1996) estimated the
Sheep Range’s contribution to local recharge of 14,000 AFY. Thomas et al. (2001) assessed local
and regional flow in southeastern Nevada using a deuterium mass-balanced model and estimated
local recharge in Coyote Spring Valley to be 4,000 AFY. Lopes and Evetts (2004) reported 2,100
AFY of natural recharge in Coyote Spring Valley. The reported values demonstrate that there is
some uncertainty in the volume of recharge to Coyote Spring Valley. Published estimates of local
recharge from the Arrow Canyon Range and Meadow Valley Mountains on the castern side of

Coyote Spring Valley are not available.

Several recharge models may be used to estimate recharge in Nevada groundwater basins.
The recharge models are described below, and were applied to recharge zones in the Sheep Range

using geographic information system (GIS) techniques and several data sources.
4.1.1 Description of Recharge Models in Nevada

Recharge to groundwater basins in Nevada is often estimated using a recharge model
developed by Maxey and Eakin (1949). The method applies a series of recharge coefficients to
corresponding precipitation zones. Each defined precipitation zone, with a particular range of

average annual precipitation, is assumed to yield the percentage of that precipitation which reaches

26 Studies estimating recharge to Coyote Spring Valley include: 1,900 AFY by Nevada Division of Water Resources
(1971); 5,000 to 6,000 AFY by Kirk and Campana (1990); 4,000 AFY by Thomas et al. (2001); and 14,000 AFY by
Thomas et al. (1996).
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the groundwater aquifer. Table 2 gives the precipitation bands and coefficients for the Maxey-Eakin

method.
TABLE 2. PRECIPITATION ZONES AND RECHARGE COEFFICIENTS FROM MAXLEY AND
EAKIN (1949)
Precipitation Zone
(in/year) Recharge Coefficient

<8 0.00

8-12 0.03
12-15 007
15-20 0.15

>20 0.25

The Maxey-Eakin method was originally applied using a precipitation map of Nevada
prepared by Hardman (1936). The exact methods used to prepare the Hardman precipitation map atre
not known, but the delineation of precipitation zones likely relied upon altitude data and
precipitation measurements collected at weather stations in Nevada. Precipitation is highly

dependent upon altitude.

Eakin (1964, 1966) later studied the White River Area, including Coyote Spring Valley,
using these methods. As described in these studies, altitude-precipitation relationships were defined,
wherein particular altitudes were associated with a range of precipitation values. Table 3 gives the

altitude zones and corresponding precipitation and recharge coefficients.

TABLE 3. PRECIPITATION ZONES, ALTITUDE ZONES, AND RECHARGE COEFFICIENTS FROM
EAKIN (1966)
Assumed Average
Precipitation Zone Altitude Zone Annual Precipitation
(in/year) (ft) (in) Recharge Coefficient

<8 below 6,000 variable 0.00

8-12 6,000 to 7,000 10 0.03
12-15 7,000 to 8,000 13.5 0.07
15-20 8,000 to 9,000 17.5 0.15

>20 more than 9,000 25 0.25

The Maxey-Eakin method has been evaluated in several studies (Watson et al, 1976;
Dettinger, 1989; Avon and Durbin, 1994; and others). Similar models have been proposed in recent

years: Nichols (2000) developed a set of recharge coefficients based on estimates of groundwater
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evapotranspiration in 15 valleys in eastern Nevada. Similar to the Maxey-Eakin method, the Nichols
recharge coefficients were developed for several precipitation zones. Epstein (2004) evaluated both
the Maxey-Eakin method and Nichols method and developed a new model using algorithmic
optimization (Epstein, 2004; Epstein et al. 2010). The precipitation zones and coefficients developed
by Nichols (2000) and Epstein (2004) are given in Table 4 and Table 5, respectively.

TABLE 4. PRECIPITATION Z.ONES AND RECHARGE COEFFICIENTS FROM NICHOLS (2000)
Precipitation Zone
{in/year) Recharge Coefficient
less than 8 0.000
8 to less than 12 0.008
12 to less than 16 0.130
16 to less than 20 0.144
20 to less than 34 0.158
equal or greater than 34 0.626
TABLE 5. PRECIPITATION ZONES AND RECHARGE COEFFICIENTS FROM EPSTEIN (2004)
Precipitation Zone
(in) Recharge Coefficient
0 to less than 10 0.019
10 to less than 20 0.049
20 to less than 30 0.195
greater than 30 0.629

The Nichols method uses similar precipitation bands to the Maxey-Eakin method, with the
exception that a division is defined at 16.inches per year rather than 15 inches per year. Nichols also
added a precipitation zone for annual precipitation greater than 20 inches per year. The Epstein
method uses only four precipitation zones, with divisions at 10, 20, and 30 inches per year. The
lower bound for occurrence of recharge is 0 inches per year, in contrast to 8 inches per year in the

Maxey-Eakin and Nichols methods.

All of the recharge models described above are dependent upon the spatial distribution of
precipitation. Until the 1990s, the only statewide precipitation map of Nevada was the Hardman
map, a hand-drawn map originally prepared in 1936 and updated through the 1960s (e.g. Hardman,
1962 as cited in Lamke and Moore, 1965). In the 1990s, a research group at Oregon State University
began producing computer-generated maps of average annual precipitation for the United States
(Daly et al., 1994; Daly ct al., 1997, Daly et al., 2001). These maps use a method called Parameter-

elevation Regressions on Independent Slopes Model (PRISM) to estimate average annual
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precipitation on a spatial grid. The first two PRISM data sets were produced based on climate
normals for 1961-1990 and 1971-2000 with a resolution of 4 kilometers. The third and most recent
PRISM data set (PRISM Climate Group, 2015) is based on climate normals for 1981-2010 and has
800-meter resolution. The 30-year climate normal period from 1981-2010 has similar average annual
precipitation to the long-term record in southern Nevada,?’ indicating that the recent PRISM data set

is representative of long-term averages in this region.
4.1.2. Application of Recharge Models to Coyote Spring Valley

The recharge models described above were applied to the Sheep Range along the west side
of Coyote Spring Valley. The contiguous area that drains to Hidden Valley to the south of Coyote
Spring Valley was also included for completeness. Recharge zones for Kane Springs Valley, the
Arrow Canyon Range and Meadow Valley were not included in this study. Historical estimates of
recharge are not available for the Arrow Canyon Range and Meadow Valley, and it is not known

whether they contribute significant recharge.

Fifteen general recharge zones were delineated (Figure 14); zones | through 12 are part of
Coyote Spring Valley (Nevada hydrographic area No. 210) and Zones 13 through 15 are part of
Hidden Valley (Nevada hydrographic area No. 217). GIS tools were used to delineate the recharge
zones based on hydrography and elevation, The recharge zones were delineated from the ridge of the
Sheep Range, which has elevations as high as 9,653 ft amsl, east toward the toe of the mountain
slopes, at approximately 2,700 feet ams!. The recharge zones were based upon the sub-basin
delineations that are patt of the National Hydrography Dataset (NHD) (USGS, 2016). The total area
delineated in Figure 14 is 409 square miles. The area and range of elevations within cach recharge

zone is given in Table 6.

Several recharge models were applied to the recharge zones shown in Figure 14 to
understand the range of values for recharge in Coyote Spring Valley and Hidden Valley. All of the
recharge models used here are dependent upon the spatial distribution of precipitation. The spatial
distribution of precipitation rates may be defined based on altitude (e.g. Eakin, 1964; Eakin, 1966;
SNWA, 2006), or the spatial distribution may be taken directly from a precipitation map. Both of

these approaches are used here and compared.

27 Long-term average annual precipitation for Nevada Extreme Southeru Division 04 is 6.9 inches per year for 1895-
2018 and 6.9 inches per year for 1981-2010. Data from: https://www.esrl.noaa.gov/psd/data‘timeseries/
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TABLE 6. AREA AND ELEVATION FOR RECHARGE Z.ONES

Hydrographic Area Elevation™ (ft)
Area Recharge Zone & Name  (sq mi) (acres) Min Avg Max
" I Evergreen Flat 154 9,841 2,802 3,568 5,093
E 2 Pahranagat Wash A 7.1 4575 27752 3070 3,981
vy 3 Coyote Spring Valley A 42.0 26901 2,793 4,178 7,487
s 4 Coyote Spring Valley B 413 26416 2762 4,156 7,663
i 5 Cherry Spring 20.5 13,137 2,761 4287 7,728
g 6 Grapevine Spring 19.5 12,500 2,760 4,121 8,293
5 7  Pahranagat Wash B 13.4 8565 2,761 3,630 8,127
& 8 Perkins Spring 32.6 20,840 2,735 4496 8337
- 9 Sawmill Wash 59.0 37,770 3,509 5904 9,653
S 10 Las Vegas Range A 1.7 7504 2711 3367 4,609
S I1 Las Vegas Range B 5.5 3530 2681 3229 4,653

12 Wamp Spring 42.8 27385 2,782 4242 7,298
A 13 Hidden Valley A 407 26,030 2,763 3944 7,081
2= 14 Hidden Valley B 459 20389 2,778 4248 7,127
@;‘ ~ 15 Dry Lake 113 7219 2725 3280 4,696
Total  408.8 261,601
Notes.

a. Elevation estimated from one-third arc-second digital elevation model (USGS, 2017)

The recharge areas were first divided into elevation bands using the altitude divisions defined
by Eakin (1966) and given in Table 3, A digital elevation model from the USGS (2017) was used to
delineate each elevation band. The delineated elevation bands are shown in the left panel of Figure
15. In this recharge model, only areas at greatet than 6,000 ft ams! contribute to recharge. The blue
bands in each panel represent areas of recharge, whereas the yellow bands represent areas of no

recharge.

The recharge areas were also divided into precipitation bands using the 800-meter-resolution
raster of average annual precipitation from PRISM (2015). As shown on the right panel of Figure 15,
the PRISM raster shows that the Sheep Range has many areas where the elevation is less than 6,000
ft amsl but precipitation averages more than 8 inches per year. The two panels in Figure |5 show the
importance of accurately understanding the spatial distribution of precipitation: the model
assumptions on the right panel (precipitation-based bands) include a larger contributing area for

recharge compared to the model assumptions on the left (elevation bands).
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Recharge was estimated using the elevation-based and precipitation-based bands. The
elevation-based bands in the left panel of Figure |5 were used with the altitude relationships and
Maxey-Eakin coefficients given in Table 3. For this calculation, the average annual precipitation was
taken from the assumed value presented by Eakin (1966), rather than from a precipitation map. The
total recharge for zones 1 through 15 estimated using this method is 1,600 AFY. Appendix Table
D-1 gives detailed calculations for this method. The value of 1,600 AFY computed here is less than
the value of 2,600 AFY previously computed by Eakin (1964). This is expected since Eakin included
Kane Springs Valley and this analysis excludes it. Moreover, because Eakin and this analysis use

different sources for elevation, there are also differences in the area for each elevation band.?®

Precipitation bands were delineated using the PRISM raster and the appropriate precipitation
divisions for the Maxey-Eakin, Nichols, or Epstein methods. In all of these methods, the average
annual precipitation was computed for each recharge zone and each precipitation band using the
PRISM raster data in GIS software. The annual recharge volumes using each of those methods are
6,700 AFY, 8,600 AFY, and 6,400 AFY, respectively. A summary of the recharge calculations is
shown in Table 7; Appendix Tables D-2 through D-4 contain detailed calculations. Recharge
estimates that rely upon the PRISM precipitation data are higher than those computed with elevation.
The PRISM data set used here is the third version and has been refined and become more
scientifically sophisticated over time. The PRISM model accounts for different facets of topography,
not just elevation, and can therefore provide precipitation estimates for the windward and leeward
slopes of a range. In this way, using the PRISM data set offers a potentially improved way to
estimate recharge contributions. However, the PRISM data set has not been specifically evaluated

for accuracy within the Sheep Range.

Precipitation data in the Sheep Range, especially above 6,000 ft amsl, are limited. Stetson
reviewed precipitation data from the National Weather Service Cooperative (COOP), Remote
Automated Weather Station (RAWS), Snow Telemetry (SNOTEL), Natural Resources Conservation
Service (NRCS), and Clark County Regional Flood Control District (CCRFCD) weather networks.
Only two stations, the Wamp Springs RAWS station (6,027 ft amsl) and Hayford Peak NRCS station
(9,870 ft amsl), are in or near the Sheep Range at an elevation above 6,000 ft. However, both of
these stations are located to the west of the Sheep Range ridge, west of the recharge areas in Figure
14. Data at these stations may not be directly representative of precipitation in areas east of the ridge

which contribute recharge to Coyote Spring Valley. Other stations, such as the Elbow Canyon

28 The “Area by Elevation Band” values computed in Table D-I are less than the zone areas reported in Table 5 of
Eakin (1964); some of this difference is cerfainly due to the inclusion of Kane Springs Valley in Eakin’s analysis, and
some of the difference appears to be due to differences in source topography.
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CCRFCD station, and the Pahranagat and Desert Wildlife Refuge COOP stations, are at elevations

less than 4,000 ft amsl and are not in close proximity to the mountain recharge areas.

TABLE 7. SUMMARY OF RECHARGE CALCULATIONS FOR THE SHEEP RANGE
Delineation of bands from; (Ulglévsz:t;:;; 7 Precipitation Raster (PRISM, 2015)
Precipitation rate/volume from: _Eakin (1966) | Precipitation Raster (PRISM, 2015)

. Maxey & Eakin M“"e,y & Nichols Epstein

Hydro- Source of Runoff Coefficients: (1949)" Ealullm 2001)* (2004)"
graphic (1949)

Area Recharge Zone and Name Estimated Recharge (AFY)

1 Evergreen Flat 0 60 10 110

=) 2 Pahranagat Wash A 0 0 0 40

:'\-: 3 Coyote Spring Valley A 30 480 300 590

s 4 Coyote Spring Valley B 100 550 650 630

2 5 Chetry Spring 60 280 310 340

g 6 Grapevine Spring 50 230 250 290

E 7 Pahranagat Wash B 10 80 60 140

& 8 Perkins Spring 120 610 880 600

E 9 Sawmill Wash 1,170 2,830 3,920 1,760

g 10 Las Vegas Range A 0 0 0 80

o 11 Las Vegas Range B 0 0 0 30

12 Wamp Spring 50 660 980 680

Z 73 13 Hidden Valley A 20 470 690 520

8 o S 14 Hidden Valley B 30 400 530 540

T > 15 Dry Lake 0 0 0 60

Total 1,640 6,700 8,600 6,400

Range of Estimates:

1,600 AFY to 8,600 AFY

Notes.

a. See supporting calculations in Appendix Table F-i
b. See supporting calculations in Appendix Table F-2
¢. See supporting calculations in Appendix Table F-3
d. See supporting calculations in Appendix Table F-4

The range of annual recharge to Coyote Spring and Hidden Valleys computed in this analysis

is 1,640 AFY to 8,600 AFY. This falls within the range of values reported in literature (see
Appendix C values for Coyote Spring Valley and Hidden Valley). While previous testimony?’ in
front of the NSE has identified that the “Maxey-Eakin recharge coefficients are married to the
Hardman map and cannot be used otherwise,” they have been included in our analysis to show the

29 Ruling 5712, page |1,
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difference in recharge estimates due to the application of 1962 rainfall rates used in the Hardman
map (1,640 AFY) and the raster precipitation data (PRISIM, 2015) (6,400 to 8,600 AFY).

The results of our analysis indicate that recharge to Coyote Spring Valley ranged from 1,590
AFY to 7,380 AFY when contributions to Hidden Valley were excluded. If the Maxey-Eakin related
methods investigated in our analysis are ignored since they rely on older precipitation maps and use
runoff coefficients that should not be applied to newer rainfall maps, then the range of recharge to
Coyote Spring Valley is between 5,280 AFY and 7,380 AFY. We suggest that the lower value of
5,280 AFY should be used for sustainability planning until additional rainfall data is collected to

support a higher value.

The range of values presented here highlights the need for direct precipitation measurements
within the Sheep Range recharge arcas. High-altitude stations would help to better understand the
spatial patterns of precipitation and the applicability of the recharge models and methods described
here. However, in lieu of better local precipitation data, which may take many years to collect, the
recharge calculations here demonstrate that a value of 5,280 AFY, as used in the groundwater budget
in Section 4.3, is an appropriate estimate for recharge to Coyote Spring Valley from the Sheep

Range.

4.2  LWRFS BOUNDARY WATER BUDGET

Numerous studies ha;ve been performed to assess the quantity of local and regional
groundwater flow in each of Nevada’s basins. SNWA (2007) assessed local and regional flow in
southeastern Nevada and found regional inflow to Coyote Spring Valley was 50,700 AFY, of which
Pahranagat Valley contributes 22,440 AFY, Delamar Valley contributes 24,070 AFY,*® and Kane
Springs Valley contributes 4,190 AFY. Interbasin groundwater recharge from Lower Meadow
Valley Wash into the LWRFS was estimated by SNWA (2007) to be 9,200 AFY. Local recharge
into the LWRES was estimated to be 2,310 AFY, with 2,130 AFY from the Sheep Range into
Coyote Spring Valley, 40 AFY into Muddy River Springs Area, 40 AFY into Hidden Valley, 100
AFY into Garnet Valley, and 0 AFY into both California Wash and Black Mountains Area. These
local recharge estimates are low in comparison to other estimates for the area.’! Total recharge to the
LWRFS boundary based on SNW A (2007) is estimated to be 62,210 AFY (Table 8).

Pre-development outflow from the LWRFS was estimated based on reported values by
SNWA (2007). Groundwater flow out of California Wash to Lower Moapa Valley and Black

30 Thomas and Miheve (2011), estimated outflow from Delamar Valley to be 24,900 AFY.

31 Thomas et al. (2001) estimated total local recharge in the LWRFS to be 6,800 AFY based on a deuterium mass-
balance model. See Appendix C for range of estimates from literature review. Local Recharge from Coyote Spring
Valley was estimated in Section 4.1 to be 5,280 AFY.
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Mountains Area was estimated to be 51,700 AFY, of which 2,000 AF flows toward the Black
Mountains Area. Evapotranspiration from California Wash, Black Mountains Area, Muddy River
Springs Area, and Coyote Spring Valley was estimated to be 11,930 AFY. Surface flow from spring
discharge to the Muddy River and other springs in the LWRFS is included in the groundwater
outflow estimates. Based on groundwater outflow, evapotranspiration, and surface flow, the
discharge from the LWRFES is estimated to be 63,630 AFY. The water budget for the LWRF'S based
on SNWA (2007) is shown graphically in Figure 16.

TABLE 8. PRE-DEVELOPMENT WATER BUDGET FOR THE LWRFS BASED ON SNWA (2007)
CAVE, DRY LAKE, AND DELAMAR HYDROGEOLOGIC REPORT

Annual Flux
Flux Term (AFY)

Inflow

Groundwater

Pahranagat Valley 22,400
Delamar Valley : 24,100
Kane Springs Valley 4,200
L. Meadow Valley Wash to MRSA 4,000
L. Meadow Valley Wash to Cal. Wash 5,200
Local Recharge® 2,310
Total Inflow 62,210
Outflow
Groundwater
Cal Wash to Lower Moapa Valley™® 49,700
Black Mountain Area toward Lake Mead 2,000
Evapotranspiration
California Wash 4,510
Muddy River Springs Area 5,990
Black Mountains Area 1,430
Surface Water(® Incl.
Total Outflow 63,630

Notes: (a) 2,130 AFY (CSV) + 40 AFY (MRSA) + 40 AF (Hidden) + 100 AFY (Garnet) +
30 AFY (Lower Moapa)
(b) California Wash to Lower Moapa Valley occurs as spring discharge from MRSA

springs and subsuiface outflow.
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The term “Pre-Development” has been used in this report to establish a water budget that
does not account for existing alluvial and carbonate groundwater pumping or surface diversions.
Thomas et al. (2001, 2011) based the deuterium mixing model on “pre-development” ET rates and
relied on water samples collected over many decades in eastern Nevada. While samples may be
impacted by pumping, the intent of the water budget analysis is to show recharge and discharge
estimates based on the best available data. It is acknowledged that pumping and water development

in eastern Nevada prior to the collection of water samples may influence the water budget.

The flux values developed by SNWA (2007) produce a non-unique solution, since a
“proportionate decrease or increase in both recharge and ET rates, or a different combination of
groundwater sources and mixing, can produce the same results” (Thomas et al., 2001). Therefore, a
literature review of available recharge and discharge estimates was performed to assess the
reasonableness of the terms, and is provided in Appendix C. Groundwater inflow to the LWRES
ranged from a minimum of 20,400 AFY to 85,500 AFY, averaging 51,923 AFY. NSE Ruling 6255
estimated a total of 47,000 AFY to the LWRFS that included: 39,000 AFY from Pahranagat,
Delamar, and Kane Springs Valleys; and 8,000 AFY from Lower Meadow Valley Wash to Muddy
River Springs Area. Local recharge in the LWRFS ranged from a minimum of 1,996 AFY to 17,818
AFY, averaging 5,475 AFY. Groundwater outflow ranged from 0 AFY to 53,711 AFY, averaging
24,852 AFY. Evapotranspiration from the LWRFS ranged from 1,000 AFY to 15,080 AFY,
averaging 10,652 AFY.

The water budget provided in Table 8 and shown in Figure 16 presents an initial budget that
may be used for groundwater sustainability in the LWRFS. The proposed budget accounts for local
recharge, surface water flow, and groundwater flow that supports senior decreed water rights on the
Muddy River in Muddy River Springs Area, California Wash, and Lower Moapa Valley. Ruling
6254 states that the perennial yield of a groundwater basin is defined as the maximum amount of
groundwater that can be withdrawn each year over the long-term without depleting the groundwater
reservoir and that it is ultimately limited to the maximum amount of natural discharge that can be
used for beneficial use. While the perennial yield may be limited to the natural recharge to a
groundwater basin, it is typically less in order to prevent adverse conditions such as water quality
degradation, storage depletion, diminishing yield of wells, increased pumping costs, and land

subsidence.

The amount of water available for appropriation from Nevada’s basins has previously been
based on the capture of evapotranspiration and groundwater outflow. Under sustainable

management conditions for the Lower White River Flow System, factors such as climate, geology,

32 NSE 6255, page 25.

Stetson Engineers Inc. Page 43 July 3, 2019
Order 1303 Report

SE ROA 35647



and point of diversion will affect the total quantity that can be pumped based on an acceptable level
of impact to resources.  This report recommends and supports that an initial estimate of
groundwater available for appropriation should be based on capturing all evapotranspiration and
groundwater outflow from the LWRFS. The SNWA (2007) estimatc of 51,700 AFY of subsurface
outflow includes discharge from the springs in the Muddy River Springs Area. Therefore, for the
purpose of estimating subsurface outflow from California Wash, 32,000 AFY of surface discharge is
subtracted from the 51,700 AFY to yield 19,700 AFY of subsurface outflow. Additionally, the
amount of evapotranspiration for the LWRFS is estimated to be 11,930 AFY; resulting in the total
evapotranspiration and groundwater outflow of 30,630 AFY. Operating under sustainable
management techniques that include monitoring, management, and mitigation will alow existing
water rights holders to exercise their rights in priority and assess impacts over time and allow the
NSE and stakeholders to assess and protect resources as pumping increases toward the maximum
value of 30,630 AFY. Because existing production in the LWRFS is much less than 30,630 AFY,
resources of the Muddy River will be protected as a reasonable lowering of the groundwater table

OCC‘l.ll'S.33

4.3 COYOTE SPRING VALLEY WATER BUDGET

Numerous studies have been performed to assess the quantity of local and regional
groundwater flow in cach of Nevada’s basins. Reported estimates of local recharge to Coyote Spring
Valley from the west bounding Sheep Range ranges from 1,900 AFY to 14,000 AFY. SNWA (2007)
assessed local and regional flow in southeastern Nevada and found regional inflow to Coyote Spring
Valley was 50,700 AFY, of which Pahranagat Valley contributes 22,440 AFY, Delamar Valley
contributes 24,070 AFY,* and Kane Springs Valley contributes 4,150 AFY. SNWA (2007)
estimated local recharge to be 2,130 AFY. A compatison with other estimates reveals that this value
may be low. A local recharge of 5,280 AFY, as estimated in Section 4.1, is more reasonable based
on recent studies and updated rainfall patterns (PRISM, 2015). Published estimates of additional
recharge that may occur on the east side of Coyote Spring Valley from the Arrow Canyon Range and

Meadow Valley Mountains are not available.

Pre-development outflow from Coyote Spring Valley was estimated based SNWA (2007).
Groundwater flow out of Coyote Spring Valley was split between 37,800 AFY of flow to Muddy
River Springs Area, and 17,180 AFY of flow to Hidden and Garnet Valleys. Estimated
evapotranspiration in Coyote Spring Valley is 1,000 AFY, based on Thomas et al. (2001).
Groundwater flow to the Muddy River Springs Area was also supported by 32,000 AFY of flow
from Lower Meadow Valley Wash to Lower Moapa. Groundwater flow out of Hidden and Garnet

33 NRS 534.110(4)
34 Thomas and Miheve (2011), estimated outflow from Delamar Valley to be 24,900 AFY.
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Valleys was toward the Black Mountains Area (Thomas et al., 2001). The regional groundwater flow
and local recharge in the vicinity of Coyote Spring Valley is shown graphically in Figure 17 and
described in Table 9.

Groundwater outflow from Coyote Spring Valley towards Hidden and Garnet Valleys
eventually discharges toward the Black Mountains Area and the Las Vegas Shear Zone, the latter of
which is a prominent northwest-southeast trending feature that marks the end of the regional
carbonate aquifer. In addition to local recharge and groundwater flow from California Wash,
groundwater discharge from the Black Mountains Area may occur as evapotranspiration, spring

discharge, or seepage along the northern boundary of Lake Mead and Las Vegas.

TABLE 9. PRE-DEVELOPMENT WATER BUDGET FOR THE COYOTE SPRING VALLEY BASED ON
DEUTERIUM MASS-BALANCED MODEL (MODIFIED FROM SNWA, 2007)

Annual Flux

Flux Term (AFY)
Inflow
Pahranagat Valley 22,400
Delamar Valley 24,100
Kane Springs Valley 4,200
Local Recharge from Sheep Range® 5,280
Local Reeharge from east side of CSV® ~ Unknown
Total Inflow 55,980
Outflow
Muddy River Springs Arca® 37,800
Hidden/Garnet Valley 17,180
Evapolranspiration 1,000
Total Outflow 55,980

Notes: a) Local recharge has been modified from SNWA (2007) to include the updated
recharge estimate from the Sheep Range based on 2015 PRISM data. Additional
recharge from the Sheep Range flows toward Hidden and Garnet Valleys,

b} Published estimates of local recharge to Coyote Spring Valley that may occur
from Arrow Canyon Range and Meadow Valley Mountains are not available.
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5.0 GROUNDWATER-LEVEL RESPONSES

This section of the report provides observations of groundwater and surface water level
responses in the Coyote Spring Valley and Muddy River Springs Area due to pumping and natural

climatic variability.

5.1 GROUNDWATER LEVEL RESPONSES

Groundwater-levels in the carbonate aquifer respond to changes in recharge and discharge
fluxes that are due to long-term and short-term natural climatic variability and anthropogenic
stresses, Long-term time periods characterized by wetter than normal climatic conditions will result
in an increase in groundwater levels if discharge rates remain constant. When discharge rates from
the aquifer vary and recharge remains constant, groundwater levels will increase when discharge is
reduced and decrease when discharge increases. Short-term annual groundwater pumping is also
reflected in the groundwater levels; as pumping rates increase during high summer demand,
groundwater levels decrease. Review of groundwater level responses in monitoring wells located in
both Muddy River Springs Area and the Coyote Spring Valley can be analyzed for impacts due to

both long-term climatic variability and short-term changes in pumping rates.

Groundwater levels in the Muddy River Springs Area monitoring well EH-4 show a seasonal
response to Muddy River Springs Areca carbonate groundwater pumping; minimum groundwater
levels occur in summer when pumping is at a maximum, while maximum levels occur in the
winter/spring when pumping is curtailed (bottom pane, Figure 18). When groundwater levels in EH-
4 are compared to carbonate pumping in Coyote Spring Valley (top pane, Figure 18), there is no
variation in the seasonal response pre-2005 and post-2005, when pumping in Coyote Spring Valley
was initiated. What is most evident from the water level graph is the long-term climatic impact of
drying from 1998 through 2004, wetting in 2004 and 2005, drying from 2006 through 2013, and
stable water levels from 2013 through 2018,

Monitoring wells CSVM-1 (Figure 19), CSVM-6, and MX-4 (Appendix E)* show a
response during the Order 1169 aquifer test (upper pane, Figure 19), as well as a response to
pumping in Muddy River Springs Area (lower pane, Figure 19). Similar to groundwater level
responses in EH-4, a pumping signature from carbonate pumping in Muddy River Springs Area
appears in CSVM-1, CSVM-6, and MX-4 prior to 2005 when groundwater pumping in Coyote
Spring Valley began. The groundwater level data suggest hydraulic communication between Muddy
River Springs Area and the eastern portion of Coyote Spring Valley. Also similar to EH-4, the long-

35 See Appendix E supporting groundwater level graphs for: CE-VF-2, CSVM-1, CSVM-2, CSVM-3, CSVM-4,
CSVM-35, CSVM-6, MX-4, EH-4, EH-5B, UMVM-1, and CSV-2.
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term climatic variability from 1998 through 2018 results in increase and decreases in long-term

trends of the groundwater level.

Coyote Spring Valley monitoring wells CSVM-2, -3, -4, -5 (Figure 20), and CE-VF-2
(Appendix E) do not show a response to pumping that occurred in either Muddy River Springs Area
or the eastern portion of Coyote Spring Valley. There was no response in these monitoring wells
from pumping at MX-5 during the Order 1169 aquifer test due to barriers to flow created by normal
(extensional) faults that impede groundwater flow in the east-west direction, discussed in the above
sections of this report. These monitoring wells are isolated from the eastern portion of Coyote Spring
Valley by the normal faults and a structural carbonate block that act as barriers to flow, as evidenced
by the lack of water level response. The April 2019 CSAMT survey provides evidence to
pgroundwater flow barriers and substantiates the observations made by SNWA in 2013. Normal
faulting associated with the carbonate structural block act as a barrier to groundwater flow in the

west to east direction.

Based on these observations, pumping in the western portion of Coyote Spring Valley would
not impact groundwater levels on the eastern side of the valley.* Production wells CSI-1, -3, and -4,
which are on the same side of the structural block as CSVM-2, -3, -4, -5, and CE-VF-2 monitoring
wells, are effectively isolated from groundwater resources in the eastern portion of Coyote Spring
Valley. Therefore, groundwater pumping in CSI-1, -3, and -4 will not likely cause impact to
groundwater resources in the Muddy River Springs Area. Normal faults, as suggested by Rowley et
al. (2017) and identified by the April 2019 CSAMT survey, act as barriers to groundwater flow in
the west to east direction across the structural carbonate block bounded by the normal faults.

36 Information provided by MBOP at the April 22, 2019 pre-HRT meeting in Las Vegas discussed lack of water level
response in CSI-3 during Order 1169 pumping.
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6.0 SUMMARY AND CONCLUSIONS

The occurtence and movement of water in the LWRFS cannot be explained by an arbitrary
boundary based on surface drainage divides. Interbasin groundwater flow into the LWRFS occurs
from Pahranagat Valley, Delamar Valley, Kane Springs Valley, and the Lower Meadow Valley
Wash. Interbasin groundwater outflow from California Wash into the Lower Moapa Valley occurs
due to interbasin groundwater inflow and local recharge within the LWRFS. Together, these sources
of local and regional groundwater flow support streams, springs, and evapotranspiration in Muddy
River Springs Area, California Wash, and the Black Mountains Area basins. Assessment of impacts
to decreed rights on the Muddy River, spring flow, and Moapa dace habitat must account for inflow
from the entire carbonate rock aquifer and not just the portion within Coyote Spring Valley. Based
on the importance of assessing the impacts of groundwater pumping on senior rights of the Muddy
River and springs in the Muddy River Springs Area, the water budget presented in this report for the
LWRFS should be adopted by the NSE for determining long-term sustainability in the region.

6.1 WATER AVAILABLE FOR SUSTAINABLE DEVELOPMENT

The role of the NSE is to develop a water budget and inventory of all water in each basin that
is available for appropriation to beneficial use in the public’s interest.*® Typically, the amount of
water available for appropriation could be calculated based on capture of evapotranspiration and
groundwater outflow. The purpose of this section of the report is to establish an estimate for
quantifying the amount of groundwater and surface water that may be put to a beneficial use in a

sustainable manner.

SNWA (2007) suggests that approximately 11,930 AFY of evapotranspiration occurs within
the LWRFS and an additional 51,700 AFY of subsurface outflow, spring flow, and surface flow
occurs toward the Lower Moapa Valley and Black Mountains Area. The proposed water budget of
the LWRFS further indicates that regional groundwater inflow and local recharge within the LWRFS
boundary totals 62,240 AFY. These sources of the interbasin groundwater flow and local recharge
supports springs and rising groundwater in the Muddy River Springs Area and California Wash,
which in turn supports senior decreed water rights along the Muddy River. After accounting for
32,000 AFY of surface flow of the Muddy River, the total evapotranspiration and groundwater
outflow from the LWRFS is 30,630 AFY,

The flow patterns of regional and local groundwater in the LWRFS boundary are neither
simple nor straightforward. The April 2019 CSAMT data indicate that regional groundwater

recharge to Coyote Spring Valley flows in a north-to-south direction along preferred western and

38 See NRS 532.167 and NRS 534.020
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eastern flow paths, separated by a relatively impermeable carbonate block. Outflow from Coyote
Spring Valley to Hidden Valley, Garnett Valley, and the Black Mountains Area eventually
discharges toward the Las Vegas Shear Zone and California Wash. Interbasin groundwater flow
from Lower Meadow Valley Wash support springs, evapotranspiration, and surface flows in both the
Muddy River Springs Area, California Wash, and eventually the Lower Moapa Valley.

Estimated drawdown using the Theis solution indicates that impacts from carbonate wells
pumping in the Muddy River Springs Area has a greater impact on groundwater levels in EH-4 than
pumping in Coyote Spring Valley. Furthermore, SNWA (2018) suggests that groundwater
production from the Muddy River Springs Area alluvial aquifer depletes Muddy River streamflow
on a 1:1 basis; and that Muddy River Springs Area carbonate production wells capture water that
would otherwise replenish the alluvial aquifer. Review of groundwater levels (EH-4) and Muddy
River Springs Area total surface and groundwater production supports SNWA’s conclusion since a
reduction in total diversions since 2013 have resulted in stable carbonate groundwater levels and an

increase in Muddy River flows.

Hydrologic conditions for the extreme southern Nevada have been in a below normal trend
since 2006, while hydrologic conditions in Pahranagat Valley have been slightly above normal since
2013. Based on the below normal hydrologic conditions in extreme southern Nevada, groundwater
levels in EH-4 may have continued to decrease without a reduction in Muddy River Springs Area
diversions and groundwater production. The degree of impact from slightly wetter than normal
hydrologic conditions in Pahranagat Valley to groundwater levels in the Muddy River Springs Area
require further investigation. Because regional interbasin groundwater recharge occurs from the
upgradient basins, climate variability in these basins may largely dictate groundwater levels in the
LWREFS.

6.2 ORDER 1303 ISSUES

The purpose of this report is to address the NSE’s request in Order 1303 to address water
resources in the Coyote Spring Valley, Muddy River Springs Area, California Wash, Hidden Valley,
Garnet Valley, and a portion of the Black Mountains Area (Joint Administrative Unit). Based on the

data and analyses provided in this report, this section addresses specific issues.

Order 1303 Issue |: The geographic boundary of the hydrologically connected groundwater and
surface water systems comprising of the Lower White River Flow System

The LWRFS should be used by the NSE to sustainably manage the surface and groundwater
resources. Interbasin groundwater recharge from Pahranagat Valley, Delamar Valley, Kane Springs
Valley, and Lower Meadow Valley Wash add to and support regional groundwater flow within the
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LWREFS boundary. Although these four basins contribute to the resources within the LWRFS, each
of them should be administered separately and not be included in the LWREFS due to geologic
characteristics that separate them from the proposed Administrative Unit. The tota] pre-development
inflow to LWRFS is estimated to be 62,210 AFY, while the total predevelopment outflow is
estimated to be 63,630 AFY,

Order 1303 Issue 2: The information obtained from the Order 1169 aquifer test and subsequent to

the aquifer test and Muddy River headwater spring flow as it relates to aquifer

recovery since the completion of the aguifer test.

Hydrologic data for extreme southern Nevada indicates that the area has been in long-term
below normal hydrologic condition since 2006. Rainfall data from Pahranagat Valley indicales
below normal hydrologic conditions existed from 2006 through the end of 2012, but the upgradient
basin has been experiencing above normal hydrologic conditions from 2013 through 2017. The
hydrologic conditions play an important role in sustainably managing resources in the LWRFS. The
period 1982 through 2017 reflects a balanced hydrologic cycle, containing wet periods in the early
1980s and mid-2000s, an average period from 1992 through 2000, and a dry period from 2006
through 2012 (Stetson, 2018). Because interbasin groundwater inflow to the LWRFS impacts
groundwater levels in the LWRFS, the Pahranagat Wildlife Refuge rainfall data could be used to
describe relative wet and dry cycled. The precipitation and groundwater level data for both extremen
southern Nevada and the Pahranagat Wildlife Refuge show that the Order {169 aquifer test occurred
during a prolonged dry period that began in 2006.

A simple Theis solution to estimate impacts to groundwater levels in Muddy River Springs
Area, due to pumping in Coyote Spring Valley, may not provide an absolute solution of groundwater
fevel drawdown, but it does provide a relative comparison. Pumping from the carbonate aquifer in
Coyote Spring Valley has less impact on groundwater levels in EH-4 than nearby carbonate pumping
in the Muddy River Springs Area, The impact to groundwater levels is constrained by the value of
transmissivity used to estimate drawdown; smaller values of transmissivity has a greater impact on
drawdown when compared to higher values. 1n order to solve Darcy’s equation for total flux from
Coyote Spring Valley to Muddy River Springs Area, high values of hydraulic permeability are
required to solve the equation. High values of hydraulic permeability result in high values of
transmissivity (greater than 280,000 ft?/day). Therefore, while there is a hydraulic connection
between Muddy River Springs Area and Coyote Spring Valley, the high value of transmissivity

minimizes the impact of the distal pumping on carbonate groundwater levels.

Pumping from carbonate wells in the Muddy River Springs Area affects the amount of
recharge from the carbonate aquifer to the alluvial aquifer (SNWA, 2018). Pumping from the
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alluvial fill aquifer and surface diversions in the Muddy River Springs Area affects the flow of the
Muddy River. Therefore, surface diversions, carbonate pumping, and alluvial pumping in the Muddy
River Springs Area affects springs and surface flow that support the Moapa dace and senior decreed
waler rights. Future goals and objectives for sustainable management should consider location and

geologic structure as key factors when cstablishing triggers and thresholds.

Varying hydrologic conditions, interbasin groundwater inflow from Coyote Spring Valley
and Lower Meadow Valley Wash, surface water diversions, and groundwater pumping in the Muddy
River Springs area impacts spring and surface water flow along the Muddy River. The data collected
since the end of 2012 at EH-4 do not show a continued decline in carbonate groundwater levels that
would likely be expected to occur following a two-year prolonged pump test at MX-5. Rather, the
data show that as total diversions in the Muddy River Springs Arca have declined, groundwater
levels have remained stable. As the region experiences future wet cycle comparable to 2004/2005 or
the mid-1980s, carbonate groundwater levels at EH-4 will likely show recovery if recent Muddy

River Springs Area surface and groundwater production remain constant.

Order 1303 Issue 3: The long-term annual quantity of groundwater that may be pumped fiom the
Lower White River Flow System, including the relationships between the
location of pumping on discharge to the Muddy River Springs and the capture
of Muddy River flow.

As previously stated above, the amount of water available for appropriation can be calculated
based on capture of evapotranspiration and groundwater outflow, The water budget for the LWRFS
indicates that pre-development evapotranspiration is 11,930 AFY and outflow toward the Lower
Moapa Valley is 51,700 AFY. These values provide a basis for initiating long-term sustainable
management in the region. Subsurface outflow from California Wash is estimated by subtracting
32,000 AFY of surface discharge from the 51,700 AFY to yield 19,700 AFY. The amount of
evapotranspiration for the LWRFS is estimated to be 11,930 AFY; resulting in the total
evapotranspiration and groundwater outflow of 30,630 AFY. Operating under sustainable
management techniques that include monitoring, management, and mitigation will allow existing
water rights holders to exercise their rights in priority and assess impacts over time and allow the
NSE and stakeholders to assess and protect resources as pumping increases toward the maximum
value of 30,630 AFY. This initial estimate of sustainable yield allows for senior rights along the

Muddy River to be exercised.

Spring flow and surface flow in the Muddy River Springs Area is affected by groundwater
and surface water development based on its relative upgradient or downgradient location, local
recharge, regional recharge, and boundary conditions. The April 2019 CSAMT survey and
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groundwater level responses in Coyote Spring Valley show that pumping on the west side of Coyote
Spring Valley has no measurable impact on flow to the Muddy River Springs Area. The results from
the Theis solution and observations of flow in the Warm Spring West gage since 2013 also show
minimal or no impact in the Muddy River Springs Area due to pumping on the eastern side of
Coyote Spring Valley. While there is no direct measurement of outflow or evapotranspiration from
Coyote Spring Valley, the balanced water budget shown in Table 9 indicates up to 5,280 AFY can
be produced from the western side of Coyote Spring Valley without impact to the Muddy River
Springs Area.

Order 1303 Issue 4: The effects of movement of water rights between alluvial wells and carbonate

wells on deliveries to senior decreed rights to the Muddy River.

Groundwater pumping from the carbonate aquifer affects the flow from the carbonate aquifer
to the alluvial basin, which then affects the flow from the alluvial basin to the Muddy River, All
groundwater pumping, regardless of which aquifer it is pumped from, will eventually affect the flow
of the Muddy River or subflow out of the LWRFS. Two factors that must be addressed are the well’s

location and the delay between pumping and impact.

The location of the well with respect to the entire Muddy River, not just the portion of the
river in the Muddy River Springs Area, should be addressed when considering impacts to senior
decreed water rights. Regional groundwater flow from California Wash and Lower Meadow Valley
Wash supports Muddy River streamflow, not just discharge in the Muddy River Springs Area. The
Muddy River may act as both a losing and gaining river as it flows from Moapa through Glendale
and eventually toward Overton and Lake Mead. Extractions may have a 1:1 impact on streamflow or

they may act to reduce subsurface groundwater flow out of the LWRFS boundary.

Groundwater pumping from the carbonate aquifer will have a delayed response on surface
flow of the Muddy River depending on its location. Groundwater pumping from the alluvial aquifer
will likely have a relatively immediate impact on streamflow, when compared to carbonate aquifer
pumping. Under sustainable management conditions, future adaptive techniques may be available to
affect short-term changes such that a reduction in alluvial pumping may immediately impact
available water supplies. But, in order to manage the LWRFS over a long-term sustainable period,
groundwater pumping from the alluvial and carbonate aquifers should be considered equally. The
movement of water rights between alluvial wells and carbonate wells will only serve to shift the

timing and location of impacts and not the amount of the impact.
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6.3  SUMMARY OF CONCLUSIONS

Groundwater in the carbonate aquifer of southeastern Nevada generally follows a north-south
direction afong normal faults and structural boundaries. Basin and Range aged related fault zones
create preferred pathways for groundwater flow since they formed through extensional faulting
creating open spaces and fractures for groundwater flow. Within the LWRFS, these normal faults
extend north-to-south through Coyote Spring Valley from Pahranagat and Delamar Valleys toward
the Hidden Valley. Recent April 2019 CSAMT survey data show preferred pathways for
groundwater flow occur through Coyote Spring Valley toward Hidden Valley and the Muddy River
Springs Area through a sub-parallef fault system. The LWRFS contains a seties of parallel and sub-
paralle! north-south trending faults that is bounded in the north west by the Pahranagat Shear Zone
and the south by the Las Vegas Shear Zone and Lake Mead. The following results and conclusions

provide the basis for structuring any final order arising from Order 1303:

a. Groundwater flow in the carbonate rock aquifer cannot be defined by topographic
boundaties that control the flow of surface water. The LWRFS should account for inflow

from Lower Meadow Valley Wash to sustainably manage the resources.

b. The carbonate aquifer beneath the entire modified Colorado River Flow System
boundary, not just that portion below Coyote Spring Valley, contributes to groundwater
resources in Hidden Valley, Garnett Valley, Muddy River Springs Area, California
Wash, and the Black Mountains Area. Contributions from Lower Meadow Valley Wash

must be accounted for when assessing water resources in the LWRFS.

¢. Identification of faults and structural features are the first step in assessing groundwater

resources in the carbonate rock aquifer.

d. Normal (extensional) faults create preferred pathways for groundwater flow, in a
direction parallel to the fault, throughout the regional carbonate aquifer. They also can act

as a barrier to flow in the perpendicular direction to the strike of the fault.

e. The April 2019 CSAMT survey identified normal (extensional) faults in Coyote Spring
Valley the control the movement of groundwater. Interbasin groundwater flow occurs
toward both Muddy River Springs Area and Hidden and Garnet Valleys.

f. Normal (extensional) faults in the Coyote Spring Valley define a carbonate structural
carbonate block that creates preferred flow paths that separate groundwater flow to
Muddy River Springs Area from flow towards Hidden and Garnet Valleys.
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g. Regional and local groundwater recharge to LWRES is estimated to be 62,240 AFY.

Total outflow, including subsurface outflow and evapotranspiration is 63,630 AFY.

h. Regional interbasin groundwater recharge to Coyote Spring Valley is estimated to be
50,700 AFY. Total groundwater flow is approximately 55,980 AFY, including 5,280
AFY local recharge.

i. Regional groundwater outflow from Coyote Spring Valley to Muddy River Springs Area
and Hidden and Garmnet Valleys under pre-development conditions is estimated to be
55,980 AFY,

j. Groundwater levels in monitoring wells located west of the structural block in Coyote
Spring Valley are not affected by groundwater pumping in Muddy River Springs Area or
pumping from MX-5 and CSIJ-2.

k. Development of locally derived groundwater from wells on the west side of the structural
block in the Coyote Spring Valley will not affect decreed water rights on the Muddy
River, springs in the Muddy River Springs Area, or habitat that supports the Moapa dace

I. Local recharge in Coyote Spring Valley from the Sheep Range is contained west of a
structural carbonate blocl that limits its contribution to the Muddy River Springs Area.

m., An initial long-term adequate and sustainable supply of groundwater in the LWRFS is
30,630 AFY, based the total estimated evapotranspiration and subsurface outflow.
Because existing groundwater pumping is much less than the initial estimate, adaptive
management techniques can be used to adjust this value in the future based on hydrologic

conditions and groundwater development.

n. Upto 5,280 AFY of local recharge may be pumped from the Coyote Spring Valley each
year over the long-term without directly affecting the regional groundwater discharge in

the Muddy River Springs Area.
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Appendix A
General Grouping of Geologic Layers
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TARLE 1, LOWER WHITE RIVER FLOW SYSTEM

Era NV Bureau (zit‘ I;’]I.i,n;SII’JT;lits (Rowley, Grouped Units!
QTa Basin Fill
QTB Volcanic
Ts4 Basin Fill
'§ T4 ' Volcanic
§ Tt3 Volcanic
T2 Volcanic
Tas Volcanic
Ti Volcanic
o IKs Sedimentary
% Js Sedimentary
= "3 Sedimentary
Pp Carbonate
Par Carbonate
p* Carbonate
MD Carbonate
o Du Carbonate
% Ds Carbonate
& Ol Carbonate
Ce Carbonate
Cu Carbonate
Cm Carbonate
CpCs Basement

| Units were grouped as of Paleozoic Basement, Paleozoic Carbonate Rocks, Mesozoic Sedimentary Rocks,
Cenozoic Volcanic Rocks, or Cenozoic Basin Fill
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Lower Ordovician? to Upper Cambrian (Cu)

o This unit was grouped as Paleozoic Carbonate Rock based on rock type (undivided
limestone and shale) and map contacts. Cu was in contact with numerous other rock units

grouped as Paleozoic Carbonate Rocks, and was observed in the surrounding ranges.

Cambrian (Cc)
e Cc was grouped as Paleozoic Carbonate Rock based on the rock type (undivided carbonate

sedimentary rock).

Middle to Lower Ordovician (Ol)

o Ol was grouped as Paleozoic Carbonate Rock. Although this unit is composed largely of
quartzite, two dolomite formations (Laketown and Ely Springs) are present in the LWRFS

allowing this unit to be grouped with the Paleozoic Carbonate Rock unit.

Middle to Lower Devonian (Ds)

e Ds was grouped as Paleozoic Carbonate Rock due to rock type (undivided dolomite).

Devonian {Du)

e Like Ds, this geologic unit was grouped as Paleozoic Carbonate Rock based on its rock

type (undivided carbonate sedimentary rocks).

Lower Mississippian io Upper Devonian {(MD)

e This unit was grouped as Paleozoic Carbonate Rock based on rock type. In the LWRFS

MD is composed primarily of limestone.

Lower Permian to Pennsvlvanian (P*)

e P* was grouped with Paleozoic Carbonate Rock based on rock type (limestone).

Stetson Engineers Inc. page 3 April 26, 2019
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Lower Permian (Par)

e Par was included with Paleozoic Carbonate Rock although it is not carbonate. Par is an
undivided sandstone unit within the carbonate rock aquifer (Rowley, et al., 2017). Due to

its inclusion within the carbonate aquifer, Par was grouped with carbonate rocks.

Upper and Lower Permian (Pp)

e This unit was included with Paleozoic Carbonate Rock based on rock type as well as the
unit’s water-bearing properties. This unit is composed of limestone and marks the top of

the carbonate aquifer (Rowley et al., 2017).

3.0. MESOZOIC SEDIMENTARY ROCKS

Mesozoic sedimentary rocks found in the LWRFS were grouped as a separate unit. This
decision was made based on the unit’s age and low-permeability. Mesozoic Sedimentary Rocks
found in the LWRES include Triassic (TRs), Jurassic (Ji), and Upper and Lower Cretaceous (Ks).

These units are composed of clastic, fluvial deposits.

4.0. CENOZOIC VOLCANIC AND BASIN FILL ROCK UNITS

Cenozoic rock units observed in the LWRFS were grouped as Cenozoic Volcanic Rocks or
Cenozoic Basin Fill. The grouping of units was based on rock type as well as water-bearing
properties. Volcanic Rocks observed in the LWRFS are the result of surrounding caldera
complexes and compose the volcanic rock aquifer. The remaining basin fill observed in the

LWREFS formed as a result of fluvial deposits, and compose the alluvial aquifer.

Miocene to Paleocene (T1)

e Ti was grouped as Cenozoic Volcanic Rock based on rock type and map contacts. Ti is an
intrusive pluton formed from the intrusion of magma into another rock body. This rock
unit was grouped with Cenozoic Volcanic Rocks because plutonic and volcanic rocks form
through similar processes, however plutonic rocks cool undérground whereas volcanic

rocks cool above ground.

Stefson Engineers Inc. page 4 April 26, 2019
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Miocene (Ta4)

e Ta4 was grouped as Cenozoic Volcanic Rock based on rock type. This unit is composed

of lava flows.

Oligocene (Tt2), Miocene to Oligocene (Tt3), and Miocene (Tt4)

o T2, Tt3, and Tt4 were grouped as Cenozoic Volcanic Rock based on rock type. All three
units are poorly to densely welded ash-flow tuffs with interbedded ash-fall tuffs.

Miocene (Ts4)
e Ts4 was grouped a Cenozoic Basin Fill based on Rowley, et al.’s (2017) definition of Ts4

as “a basal basin-fill sedimentary unit.”

Holocene to lower Miocene (QTh)

e QTb is the final unit observed in the LWRFS grouped as Cenozoic Volcanic Rock.
Rowley, et al. (2017) stated QTb is “The mafic end of the bimedal volcanic sequence.”

Holocene to lower Miocene (QTa)

e QTa was grouped as the final Cenozoic Basin Fill unit observed in the LWRFS. This unit
was formed through fluvial processes and forms the alluvial aquifer.

5.0. REFERENCES

Rowley, P.D., Dixon, G.L., Mankinen, E.A., Pari, K.T., McPhee, D.K., McKee, E.H., Burns, A.G.,
Watrus, J.M., Ekren, E.B., Patrick, W.G., and Brandt, J.M., 2017, Geology and geophysics
of White Pine and Lincoln Counties, Nevada, and adjacent parts of Nevada and Utah: The
geologic framework of regional groundwater flow systems: Nevada Bureau of Mines and
Geology Report 56.
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Appendix B
Hydrologic and Physical Properties of Rocks
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Appendix C

Estimates of Recharge, Evapotranspiration, and Groundwater Flow in the LWRFS
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Appendix C - Estimates of Recharge, ET, and GW Outflow in the LWRFS

LWRFS Local Recharge (AFY)

Basin

Source CsV MRSA HV GV CW BMA Total®
Recon 2,000 0 400 400 100 100 2,900
Eakin 1966% 2,600 0 400 400 100 100 3,500
NDWR 1971 1,900 100 400 400 100 100 2,900
Kirk 1990 5,014 NE NE NE NE NE 5,014
Kirk 1990 6,012 NE NE NE NE NE 6,012
USGS 1996 14,000 NE NE NE NE NE | 14,000
DRI 2001 4,000 300 300 400 300 500 5,300
LVVWD 2001 4,000 237 339 393 311 438 5,280
BCM 2004 5,184 12 188 294 23 54 5,701
BCM 2004 5,951 207 571 1,000 652 1,470 8,381
Epstein 2004"" 5,815 509 521 976 1,738 3,178 9,559
USGS 2004 2,100 NE 400 400 60 70 2,960
DRI 2007 2,300 0 0 100 0 0 2,400
SNWA 2007 2,128 38 42 96 0 0 2,304
SNWA 2009 2,215 41 45 101 0 0 2,402
min | 1,900 0 0 96 0 0 1,996
Max | 14,000 509 571 1,000 1,738 3,178} 17,818
Mean | 4,348 131 301 413 282 501 5,475

Notes:

(a) Eakin (1966) includes KSV in the jocal recharge estimate for CSV. This is not acknowledged in several
studies which cite the 2,600 AF value.

(b} Results of Scenarios 1 and 3

{c} Results of Scenario 2

{d} Mean value of Basin Characterization Model

{e} Time series result of Basin Characterization Model

{f) Based on Bootstrap Brute-Force Model

(g) Total does not include BMA, as most of the area is not included in the LWRFS. BMA values included in
table for reference.

Ahbreviations:

CSV  Coyote Spring Vailey LMV  Lower Moapa Valley
MRSA  Muddy River Springs Area PV Pahranagat Valley
HV Hidden Valley DV Delamar Valley
GV Garnet Valley KSV  Kane Springs Valley
CwW California Wash LMVW  Lower Meadow Valley Wash
BMA Black Mountains Area NE Not estimated
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Appendix C - Estimates of Recharge, ET, and GW Outflow in the LWRFS

LWRFS GW Infiow (AFY)

Basin
KsVio LMVWio LMVWto LMVWto
Source PVtoCSV DVtoCSV  CSV MRSA W LMV | Total®
Recon 37,300 0 600 0 12,700 0 50,600
NDWR 1971 35,000 0 0 0 7,000 0 42,000
DRI 2001 28,000 16,000 6,000 0 0 32,000 50,000
LVVWD 2001 28,000 16,000 6,000 0 0 32,000 50,000
USGS 2004 NE 3500 NE 0 7,000 0 7,900
DRI 2007 20,400 25,500 4,500 4,000 5,200 0 59,600
SNWA 2007 22,443 24,068 4,189 4,000 5,200 0 59,900
SNWA 2011 NE 24,800 NE NE NE NE 24,800
Min 20,400 0 0 o ) o 20,400
Max 37,300 25,500 6,000 4,000 12,700 32,000 85,500
Mean 28,524 13,409 3,548 1,143 5,300 9,143 51,923
Note:
{a) Total does not include inflow to LMV as it is not part of the LWRFS. LMV to Lake Mead values included
for reference.
LWRFS ET {AFY)
Basin
Source CsV MRSA HV GV cw BMA | Total®
Recon 500 0 Q 0 1,000 0 1,500
NDWR 1971 NE NE 0 0 1,700 1,200 2,900
DRI 2001 1,000 5,000 0 0 5,000 2,000 13,000
LvvwD 2001 1,000 5,080 0 0 5,760 2,000 13,840
DRI 2007 0 6,000 0 0 4,500 1,400 11,900
SNWA 2007 0 5,989 0 0 4,505 1,432 11,926
DeMeo 2008 NE 4,090 NE NE 6,080 1,852 12,122
SNWA 2009 NE 5,998 NE NE 4,506 1,432 11,936
Min o 0 0 o 1,000 o 1,000
Max 1,000 6,000 0 o 6,080 2,000 15,080
Mean 500 4,594 0 o 4,131 1,427 10,652
Abhreviations:
CSV Coyote Spring Valley LMV  Lower Moapa Valley
MRSA  Muddy River Springs Area PV Pahranagat Valley
HV Hidden Valley DV Delamar Valley
GV Garnet Valley KSV  Kane Springs Valley
CW California Wash LMVW  Lower Meadow Valley Wash
BMA Black Mountains Area NE Not estimated
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Appendix C - Estimates of Recharge, ET, and GW Outflow in the LWRFS

LWRFS GW Outfiow (AFY)

Basin
CW to MRSA to LMV to Lake
Source BMA CWtoLMV LMV Mead Total™
Recon 0 21,300 0 21,100 21,300
NDWR 1971 0 0 0 1,100 0
DRI 2001 4,000 8,000 0 26,000 12,000
LVVWD 2001 2,300 41,000 0 48,000 43,300
USGS 2004 NE NE NE 1,100 0
DRI 2007 2,000 18,800 0 17,200 20,800
SNWA 2007 2,000 49,711 0 24,432 51,711
SNWA 2009 NE NE NE 10,808 0
Min o g 0 1,100 0
Max 4,000 49,711 0 48,000 53,711
Mean 1,717 23,135 0 18,718 24,852
Note:

(a)

Abbreviations:

cSv
MRSA
HY
GV
cw
BMA

Total doas not include outflow from LMV as it is not part of tha LWRFS. LMV to Lake Mead values
included for reference.

Coyote Spring Valley

Muddy River Springs Area

Hidden Valley
Garnet Valley
California Wash

Black Mountains Area

LMV
PV
bv

KSV
LMVW
NE

Lower Moapa Valley
Pahranagat Valley

Delamar Valley

Kane Springs Valley

Lower Meadow Valley Wash
Not estimated
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Appendix C - Estimates of Recharge, ET, and GW Outflow in the LWRFS

Sources
Eakin 1966

NDWR 1971
Kirk 1980

USGS 1996

DRI 2001

LvvwD 2001

BCM 2004

Epstein 2004

USGS 2004

DRI 2007

SNWA 2007

SNWA 2009

DeMeo 2008

SNWA 2011

Recon*

Eakin, T. E., 1966, A regional interbasin ground-water system in the White River area,
southeastern Nevada: U. S. Geological Survey Water Resources Research, Vol. 2, No. 2, pp

251-271.
Nevada Division of Water Resources, 1971. Nevada's Water Resources, prepared by: Nevada

State Engineer, Water for Nevada Report No. 3, 87 p.
Kirk, S. T., and M. E. Campana, 1990, A deuterium-calibrated groundwater flow model ofa

regional carbonate-alluvial system: Journal of Hydrology 119, pp 337-388.
Thomas, J. M., A. H. Welch, and M. D. Dettinger, 1996. Geochemistry and isotope hydrology

of representative aquifers in the Great Basin Region of Nevada, Utah, and adjacent states: U.
S. Geological Survey Professional Paper 1409-C, 110 p.

Thomas, J. M., 5. C. Calhoun, and W. B. Apambire, 2001, A Deuterium mass-balance
interpretation of groundwater sources and flows in southeastern Nevada: prepared for Las

Vegas Valley Water District. Desert Research Institute, Nevada, Publication No. 41163, 52 p.
Las Vegas Valley Water District, 2001, Water resources and ground-water modeling in the

White River and Meadow Valley Flow Systems, Clark, Lincoln, Nye, and White Pine Counties,

Nevada: Las Vegas Valley Water District, Las Vegas, Nevada, 250 p.
Flint, A. L., L. E. Flint. J. A. Hevesi, and J. M. Blainey, 2004, Fundamental concepts of recharge

in the Desert Southwest — A regional modeling perspective: pp.159-184 in Hogan, J. F.,
Phillips, F. M., and Scanlon, B. R., eds. Ground-water recharge in a desert environment — The
southwestern United States: American Geophysical Union, Water and Science Applications

Series Vol. 9 294 p.
Epstein, B. 1., 2004, Development of Uncertainty Analysis of Empirical Recharge Prediction

Models for Nevada’s Desert Basins, University of Nevada Reno M. S. Thesis, 204p.
Lopes, T. )., and D. M. Evetts, 2004, Ground-water pumpage and artificial recharge estimates

for calendar year 2000 and average annual natural recharge and interbasin flow by
hydrographic area, Nevada: U.S. Geological Survey investigations Report 2004-5239, Carson

City, Nevada, 87 p.
Thomas J. M.and T. M. Mihevic, 2007, Stable Isotope Evaluation of Water Budgets for the

White River and Meadow Valley Wash Regional Groundwater Flow Systems in East-Central

and Southeastern Nevada, Letter Report, 189 p.
Southern Nevada Water Authority, 2007, Water Resources Assessment and Hydrogeologic

Report for Cave, Dry Lake and Delamar Valleys, Presentation to the Nevada State Engineer:

Southern Nevada Water Authority, Las Vegas, Nevada, 352 p.
Southern Nevada Water Authority, 2009, Conceptual mode! of groundwater fiow for the

Central Carbonate Rock Province: Clark, Lincoln, and White Pine Counties Groundwater

Development Project: Southern Nevada Water Authority, Las Veegas, Nevada, 416 p.
DeMeo, G.A., Smith, J.L., Damar, N.A., and Darnell, J., 2008, Quantifying ground-water and

surface-water discharge from evapotranspiration processes in 12 hydrographic areas of the
Colorado Regional Ground-Water Flow System, Nevada, Utah, and Arizona: U.S. Geological

Survey Scientific Investigations Report 2008-5116, 34 p.
Burns A.G. and W. Drici, 2011. Hydrology and water resources of Spring, Cave, Dry Lake, and

Delamar valleys, Nevada and vicinity: Presentation to the Office of the Nevada State

Engineer: Southern Nevada Water Authority, Las Vegas, Nevada, 313 p.
Estimates from the reconnaissance series reports; Cited from secondary source; DRI 2007

(Figure 14)
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Appendix D

Supporting Calculations for Coyote Spring Valley Recharge Estimates
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Appendix E

Supporting Groundwater Level and Pumping Graphs
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Carbonate Aquifer Monitoring Wells
Coyote Spring Valley and Muddy River Springs Area

Screened Interval Hits Fault Location
No. Well Name Basin Well Depth Start Depth End Depth {Y/N) LSD Elevation Lat Long

210 1060t

37.0525 —114.983__4__:
865
-114.9804

1230t

2651 ft
17831t 3131 ft

8  MXx4 210 6691t N 2177ft  36.7957 -114.8928

170
_ 10 EH-_SB 2;|.9 N 1845 ft 36.7329 -114.7426
12 Cs5v-2 219 478 ft 2186 ft 36.7807 -114.7227

SE ROA 35691



SE ROA 35692



SE ROA 35693



SE ROA 35694



SE ROA 35695



SE ROA 35696



SE ROA 35697



SE ROA 35698



SE ROA 35699



SE ROA 35700



SE ROA 35701



SE ROA 35702



SE ROA 35703



SE ROA 35704



SE ROA 35705



Surface Water Monitoring in Muddy River Springs Area

Location
No. Surface Water Site USGS Station No.  LSD Elevation Lat Long
09415900 1770 ft 367217 -114.7147

1 MuddyRiver Springs at LDS Farm
Warm Springs West .

2
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