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1.0 INTRODUCTION

The Secretary of Interior (Secretary) issued a Record of Decision for ‘Colorado River Interim 
Guidelines for Lower Basin Shortages and the Coordinated Operations for Lake Powell and Lake 
Mead’ (Guidelines) on December 13, 2007, which established criteria for the development and 
delivery of Intentionally Created Surplus (ICS). One type of ICS is Tributary Conservation, which 
allows a Contractor, as defined in the Guidelines, to increase tributary flows into the mainstream of 
the Colorado River within its state for ICS credits. The conservation of tributary flows into the 
mainstream of the Colorado River is limited to water rights that have been used for a significant 
period of years and were perfected prior to June 25, 1929, the effective date of the Boulder Canyon 
Project Act  (BCPA).

To generate ICS, the Guidelines require a Contract holder to enter into a Delivery Agreement with the 
United States of America and a Forbearance Agreement with Lower Basin Contract holders. On 
December 13, 2007, the Southern Nevada Water Authority (SNWA) and Colorado River 
Commission of Nevada entered into a Delivery Agreement with the United States of America and 
Forbearance Agreement with Lower Basin Contract holders. Exhibit A of the Forbearance Agreement 
describes the surface water rights on the Muddy and Virgin Rivers, pre-dating June 25, 1929, which 
SNWA plans to use to create Tributary Conservation ICS, and how the Muddy River flows reaching 
Lake Mead will be calculated (Appendix A).

The Guidelines, Forbearance Agreement, and Delivery Agreement require a plan for the creation of 
ICS (ICS Plan). An ICS Plan for Muddy River Tributary Conservation ICS was submitted to the 
Bureau of Reclamation (Reclamation) for Calendar Year (CY) 2014 on June 28, 2013. SNWA 
received a letter from Reclamation dated September 21, 2013 approving the ICS Plans for CY 2014 
(Appendix B).

This report satisfies the requirements of Nevada State Engineer Order 1194 (Appendix C) and the 
Guidelines as follows:

• Under Nevada State Engineer Order 1194, an annual report will be submitted to the Nevada 
Division of Water Resources giving a “full accounting of adjudicated water rights on the 
Muddy River or its tributaries owned or controlled by the entity with an ICS Delivery 
Contract, which have been conveyed through the Muddy River system to the Colorado River 
mainstream for the creation of ICS.” After review of the annual report, the Nevada State 
Engineer shall issue a letter verifying the quantity of water conveyed through the Muddy 
River system to the Colorado River mainstream for the purpose of creating ICS.

• Based on the Guidelines, an annual certification report will be submitted for the Secretary of 
Interior’s review and verification to demonstrate the amount of Tributary Conservation ICS 
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created in the preceding year, and that the method of creation was consistent with SNWA’s 
approved ICS Plan.

• Intentionally Created Surplus is declared a beneficial use under Nevada Revised Statutes 
533.030.
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2.0 PROJECT DESCRIPTION

Muddy River water rights that are being utilized to create Tributary Conservation ICS pursuant to the 
approved ICS Plan and Exhibit A of the Forbearance Agreement are decreed Nevada state water 
rights with an established history of use prior to 1929, but have experienced periods of non-use in the 
interim. Per Exhibit A of the Forbearance Agreement, SNWA is specifically allowed to utilize any 
and all pre-June 25, 1929, Muddy River water rights to create Tributary Conservation ICS regardless 
of the water rights history of use after 1928.

The Muddy River originates from regional springs in the Muddy River Springs Area in Nevada and 
flows into the Overton Arm of Lake Mead (Figure 2-1). Muddy River flows are relatively constant, 
because flows from the springs that form the river are consistent due to their regional source, the 
carbonate aquifer system of eastern Nevada. The average annual flow of the Muddy River at the 
United States Geological Survey (USGS) gaging station 09419000 Muddy River near Glendale, 
Nevada (Glendale gage) for Water Years 1950 through 2014 is 30,572 acre-feet per year (afy).

Muddy River water rights were judicially decreed in 1920, and the decree allocated the entire flow of 
the Muddy River (Appendix D). The Order of Determination, attached to the decree as Exhibit A, 
explicitly outlines the Place-of-Use (POU) for the water rights and established summer and winter 
diversion rates. For the most part, the summer season is May 1 to September 30 with a diversion rate 
of 1 cubic-foot per second (cfs) per 70 acres of land and the winter season is October 1 to April 30 
with a diversion rate of 1 cfs per 100 acres of land. These diversion rates equate to an annual rate of 
8.54 afy per acre (afy/acre).

Water rights on the upper reach of the Muddy River, from the Muddy River Springs to the Glendale 
gage, are owned and controlled by individual right holders. On the Lower Muddy River, downstream 
of the Glendale gage, water rights are held by the Muddy Valley Irrigation Company (MVIC) for use 
by its shareholders. In CY 2014, SNWA owned and leased individual water rights on the Upper 
Muddy River and owned and leased MVIC stock shares in MVIC on the Lower Muddy River.

The decreed Muddy River surface water rights owned and leased by SNWA are no longer being 
utilized for agriculture and are being conveyed to Lake Mead. The pre-June 25, 1929, water rights 
conveyed to Lake Mead represent the full right that is and has been historically used for agriculture or 
could have otherwise been diverted from the Muddy River and fully consumed by SNWA within 
Nevada.         

Muddy River rights conveyed to Lake Mead passed through their historic points of diversion and 
either flowed through the irrigation company ditches and returned to the mainstream of the Muddy 
River further downstream or remained in the mainstream of the Muddy River. Muddy River water 
associated with rights owned and leased by SNWA and documented to flow to Lake Mead have been 
accounted for as Tributary Conservation ICS.
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Figure 2-1
Map of the Upper and Lower Reaches of the Muddy River Divided by the Glendale Gage
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2.1 Summary of Results for CY 2014

The total volume of Muddy River water for which SNWA created Tributary Conservation ICS in CY 
2014 under the Guidelines was 15,098 af, prior to any overrun payback and one-time deduction of 5% 
for the benefit of additional system storage in Lake Mead, as outlined in the Guidelines (Table 2-1). 
This volume is within the 20,000 af outlined in the approved ICS Plan.  Detailed data and calculations 
are described in subsequent sections of this report.  

Table 2-1
Muddy River 2014 ICS

Water Right Acre Feet Conserved in 2014

Muddy Valley Irrigation Company                                      8,627

LDS Church Rights Lease                                      2,001 

NV Energy Lease                                      2,508 

Hidden Valley Dairy                                         1,040 

Knox and Holmes                                         811 

SNWA Acquired Cox Right                                           85 

SNWA Acquired Mitchell Right                                           26 

SNWA Muddy River ICS Credit                                    15,098
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3.0 WATER CONSERVATION ASSOCIATED WITH SNWA 
MUDDY RIVER RIGHTS

On the Muddy River, there are two distinct reaches divided by the USGS gaging station 09419000 
Muddy River Near Glendale, NV (Glendale gage). By controlling water rights on the Muddy River 
within these two reaches, SNWA successfully conserved Muddy River water in CY 2014 that was 
conveyed to Lake Mead for Tributary Conservation ICS credits.  The sections below describe the 
water rights and conservation measures.

3.1 Verification Process of Fallowed Land

Within the agricultural areas, fields were digitized using the 2006 National Agricultural Imagery 
Program data. Since 2008, SNWA funded aerial-photography flights specifically for the purpose of 
Tributary Conservation ICS verification. These flights have been strategically scheduled 3-times per 
year to assure they are capturing the agricultural activities during the summer and winter seasons over 
a calendar year. These flights are flown at a resolution of 6-inches per pixel. This high-quality 
photography allows for more accurate determinations of fallowed vs. active agricultural fields. An 
example of the high resolution aerial photography used to classify and delineate crop areas can be 
seen on Figure 3-1.     

Aerial-photography flights were performed in December 2013, July 2014, and December of 2014 to 
effectively capture lands being flood irrigated or fallowed during the winter and summer irrigation 
seasons. The summer irrigation season spans May through September. The July photography 
documents areas that were actually being irrigated during the summer irrigation season, because by 
July most of the natural vegetation that was not receiving irrigation company water had died back.

Muddy River water rights have defined POU maps and many have subsequent 
Proof-of-Beneficial-Use (PBU) maps, showing the locations where the decreed and permitted water 
rights were beneficially used within the defined POU.  These POU and PBU maps, when compared to 
recent aerial photography, serve as the baseline for proof of fallowed lands, documenting 
conservation of the water.  In some instances, the recent digitized polygons of the current fields do not 
exactly match the fields on the POU or PBU maps from decades prior. This is due to improved 
mapping capabilities and changes in land/water right ownership resulting in divided/combined fields. 
However, since the water rights can be used anywhere within the defined POU, the breakdown of the 
fields is not as important as the total irrigated acreage within the POU.

Some of the fields on the aerial photography depict vegetation even though they are not being 
actively irrigated. This is due to the fact that many of the fallowed fields historically contained 
perennial alfalfa, which receive periodic water from winter rains that temporarily turn the fields 
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Figure 3-1
Example of Detailed 6-inch Aerial Photography on the Lower Muddy River
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green.  Many of the fields that appear to have some green in the aerial photography flown in the 
cooler months are brown in the July aerial photography.    

3.2 Upper Muddy River Rights

The Upper Muddy River, for the purposes of this report, is defined as the reach from the Muddy River 
Springs Area to the Glendale gage. Within this reach, decreed water rights are individually owned 
with specific POUs describing the lands irrigated by the rights.

For each of the Upper Muddy River water rights controlled by SNWA, the following sections 
represent a series of figures that illustrates the original POU or PBU map associated with the water 
right and the aerial photography taken over the course of the calendar year. For reference, the 
quarter-quarter sections within the POU are outlined within an overlaying of the aerial photography. 

The Upper Muddy River is a gaining stream from its headwaters to the Glendale Gage and natural 
vegetation in this area (eg. phreatophytes) is supplied by shallow groundwater and spring discharge. 
The river flows do not constitute a significant source of water supply for Evapotranspiration (ET) 
losses. Therefore no ET losses were deducted from the Muddy River water rights between the springs 
and Glendale Gage.

3.2.1 LDS Church Rights Lease / Cox and Mitchell Right Purchase

In 2006, SNWA in partnership with the Moapa Valley Water District (MVWD) agreed to lease 
2,001 af of a total of 2,046 af of decreed Muddy River water rights held by the Corporation of the 
Presiding Bishop of the Church of Jesus Christ of Latter-day Saints (LDS Church). This water had 
been historically used to irrigate approximately 228 acres of agricultural lands in the Muddy River 
Springs Area, located in the headwaters of the Muddy River. The lease agreement allows MVWD to 
utilize up to 50% of the water leased based on coordination with SNWA. In CY 2014, MVWD did 
not exercise their 50% option on the LDS Church lease, and SNWA retained the entire 2,001 af.

In 2007, SNWA purchased the majority of land associated with the LDS Church water rights for the 
primary purpose of restoring habitat of the Moapa dace, an endangered fish species endemic to the 
warm waters of the Muddy River Springs. The management of this land, referred to as the Warm 
Springs Natural Area (WSNA), in combination with the U.S. Fish and Wildlife’s management of the 
adjacent Moapa Wildlife Refuge, will protect the majority of the springs that make up the headwaters 
of the Muddy River. A key component of activities to preserve the Moapa dace’s habitat is leaving the 
warm water that emanates from the regional springs, which was previously used for agricultural 
purposes, in the natural channels that meander through the WSNA and the Moapa Wildlife Refuge. 
This preservation activity is compatible with the creation of Tributary Conservation ICS on the 
Muddy River.

When SNWA purchased the WSNA in 2007, it also acquired two decreed water rights not related to 
the 2,001 afy LDS Church lease. These rights were originally decreed to Cox (V01619) and Mitchell 
(V01631) in 1920 for 85 afy and 26 afy, respectively.  
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It is important to note that although the land previously irrigated with the 2,001 afy of the LDS 
Church rights is now owned by SNWA, the LDS Church retained ownership of the water rights and is 
continuing to lease the rights to SNWA and MVWD.

Figure 3-2 presents the PBU map filed with the LDS Church water right certificates, with Figures 3-3 
through Figure 3-5 comparing the PBU map for the LDS Church water rights with the aerial 
photography taken in December 2013, July 2014, and December of 2014, respectively. The POU 
boundary overlaid on the aerial image depicts land fallowing over the majority of the POU.  

The fallowed lands are further emphasized on Figure 3-6, which compares the POU area as of 
July 2014 with an aerial photograph of the area from 1976. The 1976 map shows cultivated fields 
indicative of active agricultural irrigation, while the July 2014 photograph demonstrates irrigation has 
not occurred on much of the lands for several years, including CY 2014, and that some (non-irrigated) 
natural vegetation has replaced previously cultivated/irrigated fields. These naturally vegetated areas 
are located in the heart of the Muddy River Springs Area. This vegetation is being supported directly 
by groundwater seeps and the relatively shallow depths to groundwater. Since acquiring the WSNA 
property in September 2007, SNWA has ensured that none of the fields associated with either the 
LDS Church lease or the Cox and Mitchell rights were irrigated during CY 2014.

Figures 3-2 through Figure 3-5 demonstrate that lands associated with the 2,001 afy LDS Church 
lease as well as the 111 afy Cox and Mitchell rights remained fallowed during CY 2014. The 2,112 af 
of conserved water remained in the mainstream of the Muddy River and flowed downstream to the 
Glendale gage and then to Lake Mead. The conveyance of these rights from the Glendale gage to 
Lake Mead is accounted for in the calculations for the Lower Muddy River in subsequent sections of 
this report.                            

3.2.2 Moapa Band of Paiute Indians Lease

From CY 2009 through 2013, SNWA leased up to 3,700 af of pre-BCPA Muddy River consumptive 
use water rights controlled by the Moapa Band of Paiute Indians (MBPI). This lease expired at the 
end of CY 2013 and was not renewed for CY 2014. Therefore, no ICS was created from the Paiute 
water right for CY 2014.    

3.2.3 Hidden Valley Purchase

In 2008, SNWA purchased 1,040 af of decreed Muddy River water rights along an upper reach of the 
Muddy River commonly referred to as Hidden Valley. The full volume of water available under the 
water-right certificate is 1,366 af; therefore, the land owner retained approximately 326 af. 
Figure 3-7 depicts a 1918 map showing the locations where the water right was originally put to 
beneficial use.  The red outline on the map highlights the Public Land Survey System Quarter-Quarter 
sections that are included in the POU description in the Muddy River Decree. Figures 3-8 through 
Figure 3-10 compare the POU for the Hidden Valley lands with the aerial photography taken in 
December 2013, July 2014, and December of 2014, respectively.                   
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Figure 3-2
LDS Church Water Rights 1984 PBU Map; POU Quarter-Quarter Sections for LDS Church Rights Highlighted in 

Red; Cox and Mitchell Rights Highlighted in Blue and Green, Respectively
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Figure 3-3
December 2013 Aerial Photography for LDS Church, Cox, and Mitchell Rights

December 2013 Irrigated Areas

Muddy River - Warm Springs Natural Area

20508_X0249_ICS_WSNA_Dec_2013  RH

Scale = 1:20000
NAD_1983_StatePlane_Nevada_East_FIPS_2701_Feet

Place of Use Area

Irrigated Areas

Fallowed Areas

See Inset Map ASee Inset Map A

Inset Map AInset Map A
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Figure 3-4
July 2014 Aerial Photography for LDS Church, Cox, and Mitchell Rights

Muddy River - Warm Springs Natural Area

July 2014 Irrigated Areas

20969_X0249_ICS_WSNA_July_2014  RH

Scale = 1:20000
NAD_1983_StatePlane_Nevada_East_FIPS_2701_Feet

Cox Claim No. V01619 (10 acres)

Mitchell Claim No. V01831 (3 acres)

Place of Use Area

Irrigated Areas

Fallowed Areas

See Inset Map ASee Inset Map A

Inset Map AInset Map A
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Figure 3-5
December 2014 Aerial Photography for LDS Church, Cox, and Mitchell Rights

Muddy River - Warm Springs Natural Area

December 2014 Irrigated Areas

Scale = 1:20000

Cox Claim No. V01619 (10 acres)

Mitchell Claim No. V01831 (3 acres)

Place of Use Area

Fallowed Areas

See Inset Map ASee Inset Map A

Inset Map AInset Map A
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Figure 3-6
POU for the LDS Church Water Rights Overlaid on a 1976 Aerial Photograph (Top), 

and the July 2014 Aerial Photograph (Bottom) 

1976 Benificial Use Area

Muddy River - Warm Springs Natural Area

Muddy River - Warm Springs Natural Area

July 2014 Place of Use Area

Scale = 1:20000
NAD_1983_StatePlane_Nevada_East_FIPS_2701_Feet

21015_X0249_ICS_WSNA_78_vs_14_Comparison   5/12/2015  

Place of Use Area

Place of Use Area
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Figure 3-7
Hidden Valley PBU Map, POU Quarter-Quarter Sections Highlighted in Red

SE ROA 46136

JA_13837



M
u

d
d

y R
iver T

rib
u

tary C
o

n
servatio

n
 IC

S
 C

ertificatio
n

 R
ep

o
rt 2014

S
ection 3.0

3-11

    

Figure 3-8
 Hidden Valley December 2013 Aerial Photography

December 2013 Irrigated Areas

Muddy River - Hidden Valley Area

Place of Use Area

Irrigated Areas

Fallowed Areas

!!!!:
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Figure 3-9
Hidden Valley July 2014 Aerial Photography

July 2014 Irrigated Areas

Muddy River - Hidden Valley Area

Place of Use Area

Irrigated Areas

Fallowed Areas
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Figure 3-10
Hidden Valley December 2014 Aerial Photography

December 2014 Irrigated Areas

Muddy River - Hidden Valley Area

Place of Use Area

Fallowed Areas
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Table 3-1 details the calculations used to determine the monthly duty of water applied to irrigable 
lands in the Hidden Valley area along with the volume of Muddy River water conserved through 
non-use. As indicated in Table 3-1, 1,040 af of water was conserved in 2014.        

3.2.4 MVIC Lease /NV Energy Sub-Lease

Since 2009, SNWA has leased 3,000 afy of winter (October-April) water rights from MVIC, and 
subleased a portion of the rights to NV Energy (NVE). The 3,000 afy had been previously leased from 
MVIC directly by NVE, from 1967 to 2009, for use at the NVE Reid Gardner Generating Station 
(Reid Gardner) located near Moapa, NV. Under agreements between SNWA, MVIC, and NVE, the 
3,000 afy of MVIC water rights are assigned to SNWA, who then sub-leases the water to NVE. The 
lease agreements give NVE the ability to take only the amount of water they need and the remainder 
stays in the Muddy River as SNWA-controlled water rights which are eligible for ICS credits.

The change in the POU for the 3,000 afy from MVIC to Reid Gardner is documented under NDWR 
Certificates 7316 and 13851, and required the fallowing of agricultural land within MVIC equivalent 
to the 3,000 afy transfer. NVE’s diversion of the subleased water rights is located at the Reid Gardner 
Muddy River diversion just upstream of the USGS gaging station 09416000 Muddy River near 
Moapa, NV.    

During the winter seasons, NVE submits monthly meter readings and lease payments to SNWA 
documenting the amount of water that NVE diverted from the river. Table 3-2 lists these diversion 
values. The diversion values are subtracted from the total potential amount of water that can be 
diverted for that month under the water right. The difference (Row E) of 2,508 af for CY 2014 is the 
amount of SNWA controlled water that remained in the Muddy River and is eligible for ICS credit. 
The water-right certificates associated with the meter data received from NVE can be found in 
Appendix E.    

3.2.5 Knox and Holmes Water Right Purchase

In 2008, SNWA purchased 811.28 afy of Muddy River decreed water rights which are documented in 
the decree as Vested Proof No. 01620 under the names Knox and Holmes. Until 1975, these water 
rights were used for agricultural irrigation on the decreed POU as depicted in Figure 3-11.    

In 1975, the decreed agricultural rights were leased by NVE for use at Reid Gardner and a change 
application was filed with the NDWR to change the POU of the Knox and Holmes right to Reid 
Gardner.  Subsequently, the NDWR issued Permit No.29295 and corresponding Certificate No. 9609 
based on the change application. 

In 1985, the owners of the land previously irrigated with the Knox and Holmes Muddy River surface 
water rights applied for and were granted groundwater rights to irrigate the same land. In 2000, 
NDWR approved beneficial use of the groundwater rights based on pumping data and a field 
investigation by NDWR staff. Documents associated the permitted groundwater rights are in 
Appendix E.                     
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Table 3-1
2014 Hidden Valley Water Rights

Notation Description Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2014 
Total

# Days 31 28 31 30 31 30 31 31 30 31 30 31 365

A Total Permit 75247 POU (acres)   160      160      160      160      160      160      160      160      160      160.     160      160     

B
Duty of Hidden Valley Water Rights 
(af/acre)      0.6149      0.5554      0.6149      0.5951      0.8784     0.8501      0.8784      0.8784      0.8501      0.6149      0.5951      0.6149     8.54  

C
Acres Being Irrigated in Permit 
75247 POU     0.00 0.00 0.00 0.00    46.53 46.53 46.53 46.53 46.53 0.00 0.00 0.00

D = A - C
Acres of Fallowed Land in Permit 
75247 POU   160.00   160.00   160.00  160.00    113.47 113.47 113.47 113.47 113.47   160.00      160.00      160.00    

E = B * D
Water Conserved from Fallowed Acreage 
(af)    98.3816    88.8608    98.3816    95.208    99.6729 96.4576 99.6729 99.6729 96.4576    98.3816    95.208    98.3816   1,165.    

F
Acre-Feet per Month of SNWA's 
Owned Right    88.3288    79.7808    88.3288    85.4795    88.3288    85.4795    88.3288    88.3288    85.4795    88.3288    85.4795    88.3288 1,040.    

E > F Is conservation > than SNWA rights Yes

Total ICS Created (af)  88.3288    79.7808    88.3288    85.4795    88.3288 85.4795 88.3288 88.3288 85.4795    88.3288    85.4795    88.3288  1,040
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Table 3-2
Nevada Energy Lease

Notation Description Jan Feb Mar Apr May - Sept Oct Nov Dec
2014 
Total

# Days 31 28 31 30 31 30 31 212

A Cert 7316 Volume (af)   292.4528   264.1509   292.4528   283.0189   292.4528   283.0189   292.4528 2,000    

B Cert 13851 Volume (af)   146.2264   132.0755   146.2264   141.5094 no diversions   146.2264   141.5094   146.2264 1,000    

C = A + B Total Volume (af)   438.6792   396.2264   438.6792   424.5283   438.6792   424.5283   438.6792 3,000    

D Water Use by NVE (af) 0.00 0.00 181.15 311.15 0.00 0.00 0.00 492

E = C - D Water to Lake Mead for ICS (af)   438.6792   396.2264    257.5292   113.3783   438.6792   424.5283   438.6792 2,508
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Figure 3-11
Former Surface Water POU for Permit 29295 and Current Groundwater POU for 48763
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The aerial images on Figures 3-12 through Figure 3-14 depict the fields and POU’s fallowed as a 
result of the NVE lease and which are now irrigated with groundwater under groundwater Permit 
48763.  Under Nevada Revised Statutes the POU under Permit 48763 can only be irrigated with 
groundwater.  Therefore, water represented by the Muddy River decreed Knox and Holmes surface 
water rights purchased by SNWA remain in the Muddy River and are eligible for ICS credits.    

3.2.6 Upper Muddy River Water Rights Summary

Table 3-3 summarizes the 6,471 af of Upper Muddy River water rights controlled by SNWA in CY 
2014 which were conveyed to Lake Mead for ICS credits.  Included in the calculations for the LDS 
Church rights is the 45 afy that the LDS Church continues to hold, which was subtracted from the 
total LDS Church right to derive the SNWA controlled 2,001 afy.  The current Certificates leased by 
SNWA are in Appendix E.           

3.3 Lower Muddy River Rights Summary

The Lower Muddy River, for the purposes of this report, is defined as the reach from the Glendale 
gage to Lake Mead. Within this reach water rights are held by MVIC, which holds the largest quantity 
of decreed rights on the Muddy River. MVIC’s service area begins downstream of the Glendale gage 
where MVIC diverts their decreed Muddy River water rights, and unused Upper Muddy River rights 
at their Wells Siding diversion structure (Wells Siding). MVIC delivers water to its shareholders 
through a network of concrete lined ditches and pipes.     

MVIC decreed Muddy River water rights are owned by MVIC shareholders through ownership of 
shares of preferred and common MVIC stock. There are 2,432 preferred shares and 5,044 common 
shares in MVIC. Each share represents a pro-rata apportionment of the Muddy River decreed rights.

3.3.1  MVIC Water Rights Summary

This section summarizes the decreed Muddy River water rights owned by MVIC and the water 
represented by preferred and common shares.

In 1974, MVIC filed PBU maps for their decreed rights utilized along the Lower Muddy River.  The 
certificates issued in 1974, based on the proofs can be found in Appendix F. Although these 
certificates were issued in 1974, they retain their original pre-1920 priority date. These PBU maps, 
when compared to recent aerial photography, serve as the baseline for proof of fallowed lands, 
demonstrating conservation of water supporting SNWA’s accounting of Tributary Conservation ICS 
on the Lower Muddy River.

The irrigable lands along the Lower Muddy River under the 1974 PBU maps totaled 3,498.86 acres; 
however, the amount of land that can be irrigated under MVIC’s water rights cannot exceed 2,784.75 
acres with a decreed annual duty of 8.54 af/acre. 

In addition to these decreed and certificated rights, the Muddy River decree states that the MVIC can 
divert any additional unused Muddy River flows that reach their diversion structure on the Muddy 
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Figure 3-12
Knox and Holmes December 2013 Aerial Photography

December 2013 Irrigated Areas

Muddy River - Moapa - Lewis Property Area

20511_X0249_ICS_Lewis_Dec_2013  RH

Scale = 1:15000
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Figure 3-13
Knox and Holmes July 2014 Aerial Photography

July 2014 Irrigated Areas

Muddy River - Moapa - Lewis Property Area

20972_X0249_ICS_Lewis_July_2014  RH
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Figure 3-14
Knox and Holmes December 2014 Aerial Photography

December 2014 Irrigated Areas

Muddy River - Moapa - Lewis Property Area

20990_X0249_ICS_Lewis_Dec_2014  RH

Scale = 1:15000
NAD_1983_StatePlane_Nevada_East_FIPS_2701_Feet

Groundwater POU

Surface Water POU

Fallowed Areas

!!!!:

SE ROA 46147

JA_13848



S
o

u
th

ern
 N

evad
a W

ater A
u

th
o

rity - W
ater R

eso
u

rces D
ivisio

n

S
ection 3.0

3-22

    

Table 3-3
Upper Muddy River ICS Water Rights

Water Right Data Source Jan Feb Mar Apr May June Jul Aug Sept Oct Nov Dec Total (afy)

# Days 31 28 31 30 31 30 31 31 30 31 30 31 365

LDS Lease

Permit 6419        8.61        7.78        8.61        8.33      12.30      11.90      12.30      12.30      11.90        8.61        8.33        8.61         119.57 

Permit 25861      70.10      63.31      70.10      67.84      99.61      96.40      99.61      99.61      96.40      70.10      67.84      70.10         971.00 

Permit 26316      51.02      46.09      51.02      49.38      51.02      49.38      51.02      51.02      49.38      51.02      49.38      51.02         600.76 

Permit 26317        2.46        2.22        2.46        2.38        3.50        3.39        3.50        3.50        3.39        2.46        2.38        2.46          34.12 

Permit 26318      23.06      20.83      23.06      22.31      32.96      31.89      32.96      32.96      31.89      23.06      22.31      23.06         320.35 

Used by LDS      (3.24)      (2.93)      (3.24)      (3.14)      (4.63)      (4.48)      (4.63)      (4.63)      (4.48)      (3.24)      (3.14)      (3.24)         (45.00)

 LDS Lease Total    152.01    137.30    152.01    147.10    194.77    188.48    194.77    194.77    188.48    152.01    147.10    152.01          2,001 

Cox Decree        6.15        5.55        6.15        5.95        8.78        8.50        8.78        8.78        8.50        6.15        5.95        6.15               85 

Mitchell Decree        1.84        1.67        1.84        1.79        2.64        2.55        2.64        2.64        2.55        1.84        1.79        1.84               26 

HV Dairy Table 3-1      88.33      79.78      88.33      85.48    88.33      85.48      88.33      88.33      85.48      88.33      85.48      88.33 1,040 

NVE Lease Table 3-2    438.68    396.23    257.53    113.38 --- --- --- --- ---    438.68    424.53    438.68          2,508 

Knox and Holmes Decree      58.41      52.76      58.41      56.53      83.45      80.76      83.45      83.45      80.76      58.41      56.53      58.41             811 

Upper Total (af)   745.42    673.28   564.27    410.23    377.96    365.77    377.96    377.96    365.77 745.42 721.38 745.42        6,471

SE ROA 46148

JA_13849



Muddy River Tributary Conservation ICS Certification Report 2014

Section 3.0 3-23

  
  

River. This makes the actual water that MVIC splits among its shareholders vary from year to year 
based on the actual divertible flows that reach Wells Siding. 

MVIC’s water rights are tied to their service area and not individually owned parcels. Therefore, the 
water rights associated with MVIC shares can be used anywhere within the MVIC service area, 
regardless of land ownership. So, the location of individual fields being irrigated is not as important 
as the total irrigated acreage within the MVIC POU.

Since the 1974 PBU maps were filed, land use along the Lower Muddy River has undergone a 
gradual transformation from predominately agricultural to a mix of residential and commercial 
property interspersed among the agriculture. This gradual urbanization can be seen on Figure 3-15, 
which compares aerial photography of the Lower Muddy River from October 1953 with aerial 
photography from July 2014.      

The MVIC has and is leasing a portion of their decreed rights to users on the Upper Muddy River 
including water leased to the MVWD, which diverts the water from spring boxes in the Muddy River 
Springs Area for potable use. These leased rights are diverted and not returned to the Muddy River. 
Therefore, the flows measured at the Glendale gage account for these leased rights since the flows 
reaching the gage and Wells Siding have been depleted by these leases. In the same respect, unused 
water from MVIC’s leases is measured by the Glendale gage and is available for diversion by MVIC.

MVIC’s operations and covenants define preferred shares as 100% of the Muddy River summer flow 
(May – September) plus 75% of the winter flow (October – April). Common shares represent the 
remaining 25% of the winter flow. The amount of water represented by preferred and common shares, 
therefore, varies slightly from year to year due to changes in unused Upper Muddy River rights and 
unused MVIC leases that reach Wells Siding. SNWA’s Upper Muddy River rights may not be 
diverted by MVIC and are excluded from the af/shares calculations. 

3.3.2 Quantification of SNWA MVIC Water Rights

By the end of CY 2014, SNWA controlled a total of 978.2010 preferred and 2,808.7100 common 
MVIC shares. Since the amount of water represented by a share can vary annually, the volume of 
water that SNWA holds in MVIC can vary as well. To calculate the amount of water represented by 
each share in MVIC during CY 2014, the volume of water rights available to MVIC (referred to as 
divertible flows) must be determined, and this volume then distributed to each preferred and common 
share. This section details these calculations.   

3.3.3 Divertible flows by MVIC at Wells Siding

Records from the Glendale gage, which is located just upstream of Wells Siding, have been used to 
derive the amount of divertible flows that reach the diversion. The divertible flows at Wells Siding, 
equate to the flows at the Glendale gage (Table 3-4) less: (1) channel losses from ET between the 
Glendale gage and Wells Siding; (2) flood flows that exceed the Wells Siding capacity 
(approximately 70 cfs); and (3) SNWA Upper Muddy River rights being conveyed to Lake Mead for 
Tributary Conservation ICS credit (Table 3-3). 
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Figure 3-15
Lower Moapa Valley 1953 (left) and July 2014 (right)

Lake Mead
(1220 ft.)

0 1 20.5 Miles 0 1 20.5 Miles

Muddy River - Moapa Valley October 1953 Muddy River - Moapa Valley July 2014
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Table 3-4
Mean Daily Flows for USGS Muddy River near Glendale Gage (09419000) (cfs)

Day Jan-14 Feb-14 Mar-14 Apr-14 May-14 Jun-14 Jul-14 Aug-14 Sep-14 Oct-14 Nov-14 Dec-14 Total

1 43 39 38 35 35 34 30 31 34 72 43 43

2 43 39 38 35 35 34 30 31 33 55 43 43

3 43 39 37 36 35 33 30 35 34 46 43 44

4 43 39 36 36 37 32 30 241 33 43 43 44

5 44 39 36 36 37 32 31 40 34 46 45 43

6 43 39 36 38 36 31 31 39 34 46 44 43

7 43 39 36 36 36 31 31 38 36 42 44 41

8 43 39 35 36 35 32 31 38 836 39 43 42

9 42 39 35 37 35 32 31 37 1,950 38 42 42

10 42 39 35 36 36 31 31 38 95 38 43 43

11 42 38 34 35 35 30 32 37 84 39 43 44

12 42 38 35 35 35 30 31 36 51 39 43 44

13 42 38 33 35 35 30 32 36 34 39 43 43

14 42 38 33 35 35 30 32 35 41 40 43 42

15 43 38 34 37 35 31 31 35 40 40 45 42

16 42 38 34 38 35 31 31 35 41 41 44 42

17 42 38 34 35 35 30 31 36 41 41 43 42

18 42 38 34 36 35 30 31 36 42 42 43 44

19 42 38 34 36 35 31 31 500 42 42 43 42

20 41 38 34 35 35 31 32 95 42 43 43 42

21 41 38 34 35 34 31 32 55 41 43 42 42

22 41 37 35 35 34 31 32 46 42 43 42 42

23 41 38 36 34 35 31 32 36 41 43 43 42

24 41 37 35 34 35 30 32 35 40 43 43 42

25 40 38 35 34 35 30 31 36 40 43 43 42

26 40 37 34 34 35 30 32 35 104 43 43 41

27 40 38 35 34 35 30 32 35 1,450 43 43 42

28 39 38 34 35 34 30 33 34 703 43 43 43

29 39 -- 35 34 34 31 32 35 165 43 43 44

30 39 -- 35 34 34 31 31 34 97 43 43 44

31 40 -- 34 -- 34 -- 31 33 -- 43 -- 43

Mean 42 38 35 35 35 31 31 60 210 43 43 43

Median 42 38 35 35 35 31 31 36 41 43 43 42

Count 31 28 31 30 31 30 31 31 30 31 30 31

Minimum 39 37 33 34 34 30 30 31 33 38 42 41

Maximum 44 39 38 38 37 34 33 500 1,950 72 45 44

Total (af)    2,560 2,120 2,150 2,100 2,150 1,850 1,920 3,700 12,500 2,670 2,570 2,620 38,910
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The ET losses between the Glendale gage and Wells Siding were determined to be 1,149 af, as 
discussed in subsequent sections. To subtract non-divertible flood flows, mean daily flows greater 
than 70 cfs were identified and replaced with 70 cfs, the maximum diversion rate at Wells Siding. 
Monthly and annual flow statistics were then recalculated with the non-divertible flood flows 
removed.  In CY 2014, there were several monsoonal flooding events in August and September that 
resulted in flooding where flows were limited to 70 cfs for those dates (Table 3-5).  

The flows for many of the upper rights were broken into monthly diversion volumes in Table 3-3. 
These monthly volumes were then subtracted from the Glendale gage flows on Table 3-4 prior to 
estimating the amount of water pro-rated to the MVIC shares. 

The annual Glendale gage flows for CY 2014 were therefore reduced by 1,149 af for ET and 6,471 af 
for SNWA’s Upper Muddy River rights to derive the volume of divertible flow.       

3.3.4 MVIC Acre-Feet per Share Calculations

Table 3-6 summarizes the percent of divertible flows available to each MVIC share class. Using the 
divertible flows derived for CY 2014 listed in Table 3-5, the acre-foot per share value for preferred 
and common shares was calculated and is listed in Table 3-7.               

3.3.5 MVIC Water Controlled by SNWA

The amount of MVIC water controlled by SNWA is calculated using the derived acre-foot per share 
values listed in Table 3-7. To account for month-to-month variability in SNWA controlled MVIC 
water rights due to purchases, leases, and leasebacks of purchased shares to original sellers, Table 3-8 
lists SNWA’s controlled water rights in af/month. A letter of concurrence signed by Scott Millington, 
MVIC General Manager (Appendix G) certifies that SNWA controlled the number of shares outlined 
in Table 3-8 during CY 2014. The preferred and common acre-foot per share values were divided by 
the number of months in which they can be used; 12-months for preferred shares and 7-months for 
common shares. The shares controlled by SNWA during each month (using only the number of 
shares controlled for the entire month) are multiplied by the acre-foot per share per month to obtain 
an acre-foot value of MVIC water controlled by SNWA per month for CY 2013.   

The MVIC shares controlled by SNWA were either not diverted into the MVIC distribution system at 
Wells Siding, thus staying in the Muddy River, or allowed to be diverted into the MVIC system for 
the purpose of maintaining head on the ditches before being returned back to the mainstream of the 
Muddy River. Any water represented by SNWA controlled shares, which was diverted at Wells 
Siding, is included on MVIC’s seasonal (winter and summer) water schedules (Appendix H). Based 
on these schedules, SNWA received a “turn” on the various ditches, and SNWA’s shares were 
delivered to the Muddy River channel.                      
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Table 3-5
Mean Daily Flows for USGS Muddy River near Glendale Gage (09419000) (70 cfs Limit)

Day Jan-14 Feb-14 Mar-14 Apr-14 May-14 Jun-14 Jul-14 Aug-14 Sep-14 Oct-14 Nov-14 Dec-14 Total

1 43 39 38 35 35 34 30 31 34 70 43 43

2 43 39 38 35 35 34 30 31 33 55 43 43

3 43 39 37 36 35 33 30 35 34 46 43 44

4 43 39 36 36 37 32 30 70 33 43 43 44

5 44 39 36 36 37 32 31 40 34 46 45 43

6 43 39 36 38 36 31 31 39 34 46 44 43

7 43 39 36 36 36 31 31 38 36 42 44 41

8 43 39 35 36 35 32 31 38 70 39 43 42

9 42 39 35 37 35 32 31 37 70 38 42 42

10 42 39 35 36 36 31 31 38 70 38 43 43

11 42 38 34 35 35 30 32 37 70 39 43 44

12 42 38 35 35 35 30 31 36 51 39 43 44

13 42 38 33 35 35 30 32 36 34 39 43 43

14 42 38 33 35 35 30 32 35 41 40 43 42

15 43 38 34 37 35 31 31 35 40 40 45 42

16 42 38 34 38 35 31 31 35 41 41 44 42

17 42 38 34 35 35 30 31 36 41 41 43 42

18 42 38 34 36 35 30 31 36 42 42 43 44

19 42 38 34 36 35 31 31 70 42 42 43 42

20 41 38 34 35 35 31 32 70 42 43 43 42

21 41 38 34 35 34 31 32 55 41 43 42 42

22 41 37 35 35 34 31 32 46 42 43 42 42

23 41 38 36 34 35 31 32 36 41 43 43 42

24 41 37 35 34 35 30 32 35 40 43 43 42

25 40 38 35 34 35 30 31 36 40 43 43 42

26 40 37 34 34 35 30 32 35 70 43 43 41

27 40 38 35 34 35 30 32 35 70 43 43 42

28 39 38 34 35 34 30 33 34 70 43 43 43

29 39 -- 35 34 34 31 32 35 70 43 43 44

30 39 -- 35 34 34 31 31 34 70 43 43 44

31 40 -- 34 -- 34 -- 31 33 -- 43 -- 43

Mean 42 38 35 35 35 31 31 40 48 43 43 43

Count 31 28 31 30 31 30 31 31 30 31 30 31

Minimum 39 37 33 34 34 30 30 31 33 38 42 41

Maximum 44 39 38 38 37 34 33 70 70 70 45 44

Acre-Feet 2,560 2,120 2,150 2,100 2,150 1,850 1.920 2,450 2,870 2,660 2,570 2,620 28,020

Phreatophyte 
Consumptive

 Use Glendale to 
Wells Siding (af)              18               21             37               76             160           202            191             173             141              86               31                 13 

        
1,149 

SNWA Upper 
Rights (af)           745     673 564 410 378 366 378 378 366 745 721 745 6,471

AF/Share Basis
Volume (af) 1,796 1,426 1,549 1,614 1,612 1,283 1,351 1,899 2,363 1,828 1,817 1,861 20,400
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3.3.6 Land Fallowing within MVIC’s POU

The December 2013, July 2014, and December 2014, 6-inch aerial photography has been used to 
determine the fallowed and irrigated acreage within MVIC’s service area during the summer and 
winter seasons of CY 2014. For the January through April 2014 portion of the winter season, aerial 
photography from December 2013 was used to calculate the irrigated acreage within MVIC. The July 
2014 imagery was used for the summer 2014 irrigation season (May 1 to September 30). For the 
winter irrigation season (October 1 to December 31), aerial photography from December 2014 was 
used to determine irrigated acreage.

Figure 3-16 illustrates MVIC’s service area and depicts the extent of the 1974 PBU map which is 
composed of three individual maps. Figures 3-17 through Figure 3-19 depicts these PBU maps, 
Figures 3-20 through Figure 3-28 depict the December 2013, July 2014, and December 2014 aerial 
photography overlaid with the field-verified fallowed and irrigated acreage.

Table 3-9 details the irrigated and fallowed acreage by season (on a monthly basis) and crop type as 
measured and field-verified by SNWA. This acreage was verified by MVIC’s General Manager 
during various meetings. Land determined not irrigable due to urbanization was derived by 
subtracting the measured irrigated and fallowed lands from the certificated maximum acreage within 
MVIC’s POU of 2,784.75 acres. 

       

                                                               

Table 3-6
MVIC Share Classes and Divertible Flow Percentages

Share Type
Number of 

Shares
Percent of

Summer Flow
Percent of

Winter Flow

(May - September) (October - April)

Preferred 2,432 100% 75%

Common 5,044 0% 25%

Table 3-7
Acre-Foot per Share Calculation Results

Calendar
Year

Jan - Apr and Oct - Dec
Flows 

(af)

May - Sept 
Flows

(af)

100% Summer 
and 75%

Winter Flows
(af)

25% Winter
Flow
(af)

Preferred-af
Divided by

2,432 shares
(af / share)

Common-af
Divided by

5,044 shares
(af / share)

2014 11,892 8,508 14,427 2,973 7.1657 0.5894
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Table 3-8
SNWA Controlled MVIC Shares in CY 2014

January February March April May June July August September October November December Total

Water Available to MVIC 
(AF From Table 4-2)         1,796 1,426 1,549 1,614 1,612 1,283 1,351 1,899 2,363 1,828 1,817 1,862 20,400

Acre-Feet Per Share Per Month 

Common (af/share)            0.0890            0.0707 0.0768 0.0800                0                0               0                0                0 0.0906 0.0901 0.0923 0.5894

Preferred (af/share) 0.5539 0.4397 0.4777 0.4977 0.6630 0.5274 0.5555 0.7809 0.9716 0.5638 0.5604 0.5741 7.1657

Owned by SNWA

Common Shares      2,839.1267      2,839.1267      2,839.1267      2,839.1267      2,839.1267      2,839.1267 2,839.1267      2,839.1267      2,839.1267       2,839.1267       2,839.1267       2,839.1267 

Preferred Shares      1,009.0847      1,009.0847      1,009.0847      1,009.0847      1,009.0847      1,009.0847 1,009.0847      1,009.0847      1,009.0847       1,009.0847       1,009.0847       1,009.0847 

Leased Back to Seller

Common Shares         441.7917 441.7917 441.7917 441.7917 441.7917 441.7917       441.7917         441.7917         441.7917 382.1667 382.1667 382.1667

Preferred Shares        222.0417 222.0417 222.0417 222.0417 222.0417 222.0417 222.0417 222.0417 222.0417 198.1667 198.1667 198.1667

Leased by SNWA

Common Shares 384.2500 384.2500         384.2500         384.2500         384.2500         384.2500       384.2500         384.2500         384.2500 351.7500 351.7500 351.7500

Preferred Shares 185.7830 185.7830 185.7830 185.7830 185.7830 185.7830 185.7830 185.7830 185.7830 167.2830 167.7830 167.7830

Controlled = (Owned - Leased Back + Leased)

Common Shares     2,781.5850 2,781.5850      2,781.5850 2,781.5850 2,781.5850 2,781.5850 2,781.5850 2,781.5850 2,781.5850       2.808.7100 2.808.7100       2.808.7100 

Preferred Shares      972.8260      972.8260      972.8260      972.8260      972.8260      972.8260     972.8260      972.8260      972.8260          978.2010          978.2010           978.2010

Water Controlled (af) = (Shares Controlled x Acre Foot Per Share)

Common (af)        247.6425         196.5658 213.5656 222.4966                0                    0                   0                    0                    0     254.5037 252.9749 259.1388 1,647

Preferred (af) 538.8907 427.7437 464.7366 484.1712 644.9601 513.0803 540.3924 759.7278 945.1747 551.5033 548.1903 561.5474 6,980

Total (af) 786.5332 624.3095 678.3021 706.6678 644.9601 513.0803 540.3924 759.7278 945.1747 806.0070 801.1651 820.6863 8,627
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Figure 3-16
MVIC Service Area and Extent of PBU Maps and Location 

of the Detailed Photography on Figure 3-1
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Figure 3-17
 Upper Section of the MVIC Service Area Showing 1974 PBU. 

POU Quarter-Quarter Sections Highlighted in Red
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Figure 3-18
Middle Section of the MVIC Service Area Showing 1974 PBU. 

POU Quarter-Quarter Sections Highlighted in Red
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Figure 3-19
 Lower Section of the MVIC Service Area Showing 1974 PBU. 

POU Quarter-Quarter Sections Highlighted in Red
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Figure 3-20
 Upper Section of the MVIC Service Area December 2013 Aerial Photography

December 2013 Irrigated Areas

Muddy River - Moapa Valley N.

20511_X0249_ICS_Moapa_N_Dec_2013  RH

Scale = 1:25000
NAD_1983_StatePlane_Nevada_East_FIPS_2701_Feet
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Figure 3-21
Middle Section of the MVIC Service Area December 2013 Aerial Photography

December 2013 Irrigated Areas

Muddy River - Moapa Valley C.

20512_3220_SW_ICS_Moapa_C_Dec_2013  RH

Scale = 1:25000
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Figure 3-22
Lower Section of the MVIC Service Area December 2013 Aerial Photography

December 2013 Irrigated Areas

Muddy River - Moapa Valley S.

20514_X0249_ICS_Moapa_S_Dec_2013  RH

Scale = 1:25000
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Figure 3-23
Upper Section of the MVIC Service Area July 2014 Aerial Photography

July 2014 Irrigated Areas

Muddy River - Moapa Valley N.
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Figure 3-24
Middle Section of the MVIC Service Area July 2014 Aerial Photography 

July 2014 Irrigated Areas

Muddy River - Moapa Valley C.

20974_3220_SW_ICS_Moapa_C_July_2014  RH
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Figure 3-25
Lower Section of the MVIC Service Area July 2014 Aerial Photography

July 2014 Irrigated Areas

Muddy River - Moapa Valley S.
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Figure 3-26
Upper Section of the MVIC Service Area December 2014 Aerial Photography

December 2014 Irrigated Areas

Muddy River - Moapa Valley N.
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Figure 3-27
Middle Section of the MVIC Service Area December 2014 Aerial Photography

December 2014 Irrigated Areas

Muddy River - Moapa Valley C.
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Figure 3-28
Lower Section of the MVIC Service Area December 2014 Aerial Photography

December 2014 Irrigated Areas

Muddy River - Moapa Valley S.

Scale = 1:25000
NAD_1983_StatePlane_Nevada_East_FIPS_2701_Feet

Place of Use Area

Irrigated Areas

Fallowed Areas

Lake Mead
(1220 ft.)

!!!!:

SE ROA 46168

JA_13869



M
u

d
d

y R
iver T

rib
u

tary C
o

n
servatio

n
 IC

S
 C

ertificatio
n

 R
ep

o
rt 2014

S
ection 3.0

3-43

    

Table 3-9
Agricultural Land Status within MVIC’s Place of Use

January February March April May June July August September October November December

MVIC Ag (acres)

Alfalfa          73.65           73.65           73.65        73.65       262.28       262.28      262.28        262.28        262.28       263.96       263.96  263.96

Small Vegetables           1.34            1.34             1.34          1.34           9.85           9.85          9.85           9.85           9.85           3.70           3.70       3.70

Bermuda w/ Rye         27.26        27.26         27.26       27.26         313.69       313.69       313.69       313.69       313.69         317.35       317.35   317.35

Orchard         27.69          27.69          27.69        27.69         28.83         28.83         28.83         28.83         28.83         28.83         28.83     28.83 

Sudan               -                             -                              -                            -                              3.06                  3.06                   3.06                   3.06                   3.06                 3.06                 3.06               3.06    

Total Ag        129.95        129.95        129.95       129.95       617.71       617.71       617.71       617.71       617.71       616.90       616.90       616.90 

Not Irrigated     2,654.80      2,654.80      2,654.80    2,654.80    2,167.04    2,167.04    2,167.04    2,167.04    2,167.04    2,167.85    2,167.85    2,167.85

Total POU      2,784.75      2,784.75      2,784.75    2,784.75    2,784.75    2,784.75    2,784.75    2,784.75    2,784.75    2,784.75    2,784.75    2,784.75 
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4.0 VERIFICATION OF ICS WATER REACHING LAKE MEAD

Since the entire flow of the Muddy River is decreed, it is necessary to perform a water balance on the 
Lower Muddy River to verify that the water which SNWA is claiming as Tributary Conservation ICS 
credits is reaching Lake Mead (Figure 4-1). This water balance is outlined in Exhibit A of the 
Forbearance Agreement and approved 2014 ICS Plan as follows:         

Flows measured by USGS at the Glendale gage 
- (minus) consumptive uses by agriculture below the Glendale gage 
- (minus) direct uses by industry below the Glendale gage
- (minus) channel evapotranspiration below Glendale gage to Lake Mead
- (minus) evapotranspiration from the managed acreage on the Overton Wildlife Management 

  Area (OWMA)                                                                                                                    
= Total Flow to Lake Mead (Elevation 1,220 AMSL)

This comprehensive water balance uses the Glendale gage as the input, which was also used to 
calculate the af/share associated with MVIC shares. To account for consumptive uses in the riparian 
corridor and agricultural areas, detailed GIS coverages delineating the active fields and mapped 
riparian corridors, combined with Lower Colorado River Accounting System (LCRAS) data were 
used to derive consumptive uses by crops and plants supplied by the Muddy River. Other 
consumptive uses by industry and open water evaporation were also calculated. Uses of Muddy River 
water by the Nevada Division of Wildlife’s Overton Wildlife Management Area (OWMA) are 
deducted from the total flows to Lake Mead. A final comparison is then made to ensure that the 
conserved Muddy River water reaching Lake Mead exceeds or is equal to SNWA’s controlled Muddy 
River water rights.

The CY2014 water balance is presented in Table 4-1. A more detailed seasonal calculation of the 
water balance is presented in Table 4-2. The following sub-sections describe each component of the 
water balance. When data used in the water balance is described, a reference is given to the row in 
Table 4-2 where the data was applied.  

QLM = QG - CUAG - CUIND - CUCHN - CUOWM (Eq. 4-1)

Where:

QLM = Flow to Lake Mead (ac-ft)

QG = Flow measured at Glendale Gage (Less Flood Flows) (ac-ft)

CUAG = Consumptive Use by Agriculture (ac-ft)
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Figure 4-1
Map of Lower Muddy River Riparian Area, Open Water, and the OWMA

SE ROA 46172
JA_13873



Muddy River Tributary Conservation ICS Certification Report 2014

Section 4.0 4-3

  
  

CUIND= Consumptive Use by Industry (ac-ft)

CUCHN= ET along the Muddy River channel from the Glendale Gage to Lake Mead (ac-ft)

CUOWM= ET within the Overton Wildlife Management Area (ac-ft) 

4.1 Glendale Gage Flows

As previously discussed in Section 3.3.3, the water available for use by MVIC equals the Glendale 
gage flows minus: 1) flood flows; 2) consumptive uses by phreatophytes in the riparian corridor 
between the Glendale gage and Wells Siding; and 3) Upper Muddy River rights owned or leased by 
SNWA. This “divertible flow” is used as the inflow component of the water balance verification.     

The Glendale gage, for the purposes of calculating Tributary Conservation ICS credits, is believed to 
capture all surface water flows entering the lower reach of the Muddy River. The gage is located in a 
narrow cut of carbonate rocks commonly referred to as “the narrows.” Downstream of the narrows, 
the river enters the lower reach of the Muddy River and the floodplain begins to widen, until reaching 
Wells Siding. The Muddy River, downstream of Wells Siding, is an incised narrow channel that has 
artificially been constrained to facilitate farming on the river’s historic floodplain, and act a flood 
channel.  

4.2 Consumptive Use by Agriculture (CUAG) and by Natural Vegetation ET (CUCHN)

4.2.1 Bureau of Reclamation Evapotranspiration Data

To calculate consumptive uses by agriculture (CUAG) and phreatophytes (CUCHN) on the Muddy 
River, a literature search for ET data with a long period-of-record and monthly time-step data was 
performed. The Bureau of Reclamation's Lower Colorado River Accounting System 
Evapotranspiration and Evaporation Calculations reports for calendar years 1995-2007, were 
evaluated and found to contain monthly data for a similar climate. Therefore, data from the LCRAS 
reports were selected for use in this analysis. 

Table 4-1
CY 2014 Water Balance (AF)

QG Flows measured by USGS at the Glendale gage (Less Flood Flows)        28,020 

CUAG consumptive uses by agriculture below the Glendale gage         (3,949)

CUIND direct uses by industry below the Glendale gage          (1,557) 

CUCHN channel evapotranspiration below Glendale gage to Lake Mead (including Bowman Res. Evap)          (2,839)

CUOWM evapotranspiration from the managed acreage on the Overton Wildlife Management Area (OWMA)             (926) 

QLM   = Total Flow to Lake Mead (Elevation 1,220 AMSL)       18,749

Total Muddy River Water Rights Controlled by SNWA       15,098

 = Total Flows to Lake Mead are greater than  SNWA Water Rights                                       ------------->        YES

SE ROA 46173
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Table 4-2
2014 Muddy River Intentionally Created Surplus Water Balance Sheet 

(all units in acre-feet)
Winter      

(Jan - Apr)
Summer 

(May - Sep)
Winter 

(Oct - Dec) Total
Row 

Reference

Total Inflows to
 Lower Muddy River

Muddy River at Glendale Gage (QG)        8,930.00     11,240.00 7,850.00      28,020 A

Phreatophyte Consumptive Use to Wells Siding b           151.83         866.46         130.89        1,149 B

Controlled Upper Muddy River Water Rights        2,393.20      1,865.43 2,212.22      6,471 C

Acre-feet per Share Basis (Divertible Flows)        6,384.97      8,508.11 5,506.90           20,400 D=A-B-C

Consumptive Uses 
Above OWMA

Simplot (CUIND)           555.24 585.78 416.43 1,557.46 E

MVIC Crop Use (CUAG) 175.00 1,939.58 488.51 2,603.09 F

Bowman Reservoir Evaporation b 278.79 453.26 166.89 898.93 G

Phreatophyte Consumptive Use b 123.76 581.26 86.23 791.24 H

MVIC Consumptive Uses above Lewis Ave 1,132.79 3,559.88 1,158.06 5,851 I=E+F+G+H

Bowman Reservoir 
Operations

Coyote Springs Imported ICS - - - - J

Net Muddy River Water In or (Out) of Bowman 2,333.17 (2,411.23) 1,423.79            1,346 K

Measured Change in Bowman Reservoir Storage 2,333.17 (2,411.23) 1,423.79            1,346 L=J+K

Flows Above 
OWMA Total Calculated Flows above OWMA       5,312.22 9,224.89 5,137.27 19,674 M=A-B-I+J-L

Overton Wildlife 
Management Area 

Water Use OWMA Consumptive Use (CUOWM) 399.61 261.91 264.09 926 P

Total Flows to Lake Mead (QLM) 4,912.61 8,962.98 4,873.19 18,749 Q=M-P

SNWA Water Rights

Controlled Upper Muddy River Water Rights 2,393.20 1,865.43 2,212.22 6,471 C

MVIC Rights 2,795.81 3,403.34 2,427.86 8,627 S

Muddy River Water Rights Controlled by SNWA 5,189.02 5,268.77 4,640.08 15,098 T=R+S

Coyote Spring Imported ICS (Not conducted in 2014)        - - - - U

Total Muddy River and Coyote Spring Water Rights Controlled by SNWA 5,189.02 5,268.77 4,640.08 15,098 V=T+U

Flow Check
Difference Between total Flows to Lake Mead and SNWA Water Rights           (276.41) 3,964.21 233.11 3,651 W=Q-V

Is conservation > than SNWA rights No  Yes  Yes  Yes Q > V
a  Value is zero due to Muddy River flooding where surface water flows exceeded calculated subsurface flows.
   Due to rounding, numbers presented throughout this table may not add up precisely to the totals provided and may not precisely reflect the absolute figures.
b  CUCHN is the sum of Row References: B + G + H
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The LCRAS Reports document estimates of ET and Evaporation annually for the purpose of 
determining consumptive water use along the Lower Colorado River. The values are determined by 
collecting data from meteorological towers, determining potential ET, and applying various crop 
coefficients to the ET values.

The portion of the LCRAS ET data chosen for use in this analysis utilize data collected from two 
Arizona Meteorological Network (AZMET) stations located in the Mohave Valley in Arizona, which 
are used to calculate local phreatophyte and crop ET (Figure 4-2). This is the most northern area 
currently calculated by Reclamation and most closely represents climatic conditions of the Lower 
Muddy River. The Mohave Valley is, however, at a lower elevation and experiences higher 
temperatures than the Lower Muddy River, resulting in higher ET values. This makes the Mohave 
Valley ET values conservative, overestimating the actual ET demand in the Lower Muddy River.   

4.2.2 Application of LCRAS to the Lower Muddy River

Phreatophyte vegetation on the Lower Muddy River was mapped and classified using the 
Anderson-Ohmart classification system. LCRAS uses a classification system that slightly differs 
from the Anderson-Ohmart system. To apply ET rates from LCRAS to the Lower Muddy River, the 
two vegetation classification systems were correlated. Table 4-3 shows an SNWA derived correlation 
between the two classification systems.         

The LCRAS “Sc-low” phreatophyte classification was used for all of the salt-cedar classifications in 
the Anderson-Omart classification and is supported by a USGS Scientific Investigations Report 
2008-5116 titled 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. The purpose of the report was to estimate ground and surface water discharge 
from 12 hydrographic basins via ET. For the study the USGS placed ET measurement sites in various 
locations in Utah, Arizona, and Nevada including the Upper Muddy and Lower Virgin Rivers. The 
Virgin River ET station was placed in a “dense woodland vegetation” area which was predominantly 
salt cedar. The Virgin River site measured an annual ET rate of 3.9 ft/yr without subtracting 
precipitation. This rate is less than the LCRAS Sc-low value of 4.39 ft/yr using LCRAS Mohave 
Valley data. The USGS’s Muddy River ET site was located in a stand of mesquite trees, in the Upper 
Muddy River. The USGS value of 3.6 ft/yr (without subtracting precipitation) is more than 1 ft less 
than the LCRAS “Ms-high” value of 5.0 ft/yr.    

The USGS study demonstrates that by correlating the LCRAS Sc-low and Ms-high classifications to 
salt cedar and mesquite on the Lower Muddy River, a conservative estimate of ET can be determined. 
These variations in ET rates demonstrate the challenges of trying to estimate ET over large areas, as 
ET can only be physically measured at a single point.  Conditions such as soil type, depth to 
groundwater below land surface, and calculation method used can all affect ET rates greatly. 
Comparison of the LCRAS rates used by SNWA (Sc-low) in the water balance (in this analysis) to 
the measurements performed by the USGS show that using the LCRAS rates tends to slightly 
overestimate ET along the Lower Muddy River based these recent reports.
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Figure 4-2
Mohave Valley AZMET ET Stations
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The equation used in this analysis for calculating ET by phreatophytes is:

CUCHN = AR x ETLCRAS (Eq. 4-2)

Where:

CUCHN = Consumptive use along MR Channel from Glendale Gage to Lake Mead (ac-ft)

AR= Area of Riparian Zone Specific to Each Vegetation Type (acres) 

ETLCRAS= Mohave Valley ET Rate Specific to Each Vegetation Type (ft)

The agricultural crop types in LCRAS were directly correlated with crop types on the Muddy River. 
Water use by crop type in LCRAS is adjusted for precipitation by using an effective precipitation 
coefficient. To more accurately represent conditions on the Lower Muddy River, provisional 
precipitation data recorded for CY 2014 by the Overton Nevada Community Environmental 
Monitoring Program (CEMP) Weather Station (http://www.cemp.dri.edu/) was used for calculating 
the effective precipitation used to derive crop consumptive uses.  The equation for calculating Crop 
ET is listed below. The crop rates adjusted to Overton Nevada Precipitation are shown in Table 4-4.

CUAG= AC x (ETLCRAS– PEFF) (Eq. 4-3)

Table 4-3
Anderson Ohmart Mapped Class

Anderson Ohmart 
Mapped Class

Correlating 
LCRAS Class Acres

A Low Veg 15.53

AW AW 7.85

Acacia Ms-high 0.00

Baccharis Low Veg 1.37

C CW 0.13

CW CW 6.60

HM Ms-high 4.26

I Ms-high 2.03

L Ms-high 0.83

MA Marsh 20.00

RIV Open Water 2.11

SC Sc-low 97.73

SM Sc/ms 8.94

SE ROA 46177
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Where:

CUAG = ET along MR Channel from Glendale Gage to Lake Mead

AC= Area of Crops Specific to Each Vegetation Type (acres)

ETLCRAS= Mohave Valley ET Rate Specific to Each Vegetation Type (feet)

PEFF= Effective Precipitation (feet)

4.2.2.1 MVIC Crop Use

Tables 4-4 through Table 4-6 in this section detail the calculations performed to estimate the amount 
of consumptive uses by crops, phreatophytes, and open water. The Mohave Valley monthly ET rates 
for the crops and phreatophytes are adjusted to local precipitation collected at DRI’s Overton Nevada 
Community Environmental Monitoring Program station.   

The measured acreages of each vegetation type and open water are in Table 4-5. Vegetation mapping 
of the Muddy River riparian corridor was performed in 2006. In 2010, the survey data was updated to 
reflect removal of vegetation due to the construction of a bridge crossing the Muddy River. Given the 
incised nature of the channel, the total vegetated acreage along the riparian corridor has remained the 
same and is anticipated to remain the same into the future. The phreatophyte acreages were mapped in 
the field by biologists and verified using the high resolution 6-in aerial photography. The measured 
acreage values for the phreatophytes and crops are shown in Table 4-5. The final consumptive use 
calculations for the phreatophytes and crops are shown monthly in Table 4-6 and these results are 
then shown seasonally on Rows B, F, and H in Table 4-1. 

Vegetation acreage mapped for OWMA is also shown in Table 4-5. OWMA is the downstream extent 
of MVIC’s service area and is located immediately above the full pool elevation of Lake Mead. Water 
use by OWMA is described in the subsequent sections of this report.   

4.2.2.2 Ongoing Evaluation of ET by Natural Vegetation

In the future to enhance the accuracy of ET consumptive use calculations along the Lower Muddy 
River, SNWA has installed a meteorological (MET) tower adjacent to an alfalfa field in the Lower 
Muddy River. With the cooperation of the Moapa Valley High School Future Farmers of America 
Farm, SNWA was able to place the MET tower in an area with the ideal fetch and agricultural 
conditions for measuring the meteorological parameters necessary to calculate reference ET using the 
ASCE Standardized Reference ET Equation –a similar method used by The Arizona Meteorological 
Network (AZMET) and California Irrigation Management Information System for the LCRAS 
program. The reference ET calculated from the MET tower could then be multiplied by the LCRAS 
crop coefficients to obtain a more accurate ET consumptive use estimate for the Lower Muddy River, 
once data from the site is reviewed.              
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Table 4-4
Mohave Valley ET Rates (ft)

Average 1995 - 2007

January February March April May June July August September October November December Total

Crops:

Alfalfa Perennial 0.22 0.32 0.42 0.56 0.68 0.73 0.69 0.66 0.56 0.41 0.25 0.24 5.73

Alfalfa-Annual 0.16 0.27 0.34 0.39 0.65 0.50 0.57 0.29 0.23 0.26 0.13 0.18 3.96

Small Grain 0.26 0.37 0.58 0.68 0.27 0.00 0.00 0.00 0.00 0.00 0.02 0.08 2.25

Orchard 0.15 0.17 0.28 0.45 0.66 0.70 0.67 0.64 0.51 0.39 0.25 0.15 5.01

Melons (Fall) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.32 0.44 0.31 0.15 1.31

Small Vegetables 0.30 0.34 0.43 0.15 0.00 0.00 0.00 0.00 0.08 0.17 0.20 0.22 1.88

Bermuda Grass w/ Rye 0.27 0.30 0.37 0.28 0.64 0.69 0.66 0.62 0.48 0.23 0.26 0.21 5.00

Sudan 0.00 0.00 0.14 0.43 0.83 0.97 0.89 0.35 0.03 0.00 0.00 0.00 3.64

Moist Soil Unit 0.58 0.80 0.24 0.36 0.31 0.84 0.26 0.46 0.43 0.29 0.45 0.38 5.39

Phreatophytes:

AW 0.08 0.10 0.20 0.41 0.69 0.80 0.76 0.68 0.51 0.31 0.12 0.07 4.73

CW 0.08 0.10 0.21 0.44 0.74 0.84 0.79 0.71 0.53 0.33 0.13 0.07 4.97

Low Veg 0.09 0.10 0.20 0.37 0.61 0.67 0.67 0.59 0.50 0.32 0.14 0.07 4.33

Marsh 0.07 0.08 0.37 0.74 0.92 0.96 0.91 0.82 0.67 0.27 0.07 0.06 5.94

Ms-High 0.08 0.10 0.21 0.43 0.71 0.82 0.77 0.70 0.57 0.38 0.16 0.07 5.00

Sc-ms 0.08 0.10 0.20 0.46 0.81 0.95 0.89 0.80 0.61 0.36 0.14 0.07 5.47

Sc-Low 0.07 0.08 0.14 0.29 0.61 0.77 0.73 0.66 0.54 0.33 0.12 0.05 4.39

Open Water Evaporationa 0.30 0.40 0.60 0.60 0.80 0.80 0.80 0.70 0.80 0.70 0.60 0.40 7.50

Precipitationb 0.00 0.04 0.01 0.00 0.00 0.00 0.01 0.10 0.09 0.00 0.00 0.05 0.30

aWestenberg et al. (2006)
bOverton Nevada Community Environmental Monitoring Program (CEMP) Weather Station (CY 2014) (http://www.cemp.dri.edu/)
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Table 4-5
Acreages of Agriculture, Phreatophytes, and Open Water in the Lower Muddy River 

January February March April May June July August September October November December

Bowman Reservoir 135.32 150.76 154.62 154.62 150.76 142.88 127.56 105.04 76.36 87.14 101.57 127.56

Riparian:

Sc_Low above Wells Siding 261.77 261.77 261.77 261.77 261.77 261.77 261.77 261.77 261.77 261.77 261.77 261.77

AW 7.85 7.85 7.85 7.85 7.85 7.85 7.85 7.85 7.85 7.85 7.85 7.85

CW 6.73 6.73 6.73 6.73 6.73 6.73 6.73 6.73 6.73 6.73 6.73 6.73

Ms-High 7.11 7.11 7.11 7.11 7.11 7.11 7.11 7.11 7.11 7.11 7.11 7.11

Low Veg 16.90 16.90 16.90 16.90 16.90 16.90 16.90 16.90 16.90 16.90 16.90 16.90

Marsh 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00

Sc-Low 97.73 97.73 97.73 97.73 97.73 97.73 97.73 97.73 97.73 97.73 97.73 97.73

Sc/ms 8.94 8.94 8.94 8.94 8.94 8.94 8.94 8.94 8.94 8.94 8.94 8.94

Open Water 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11

Subtotal Below Wells Siding 167.37 167.37 167.37 167.37 167.37 167.37 167.37 167.37 167.37 167.37 167.37 167.37

Total 429.14 429.14 429.14 429.14 429.14 429.14 429.14 429.14 429.14 429.14 429.14 429.14

MVIC Ag:

Alfalfa 73.65 73.65 73.65 73.65 262.28 262.28 262.28 262.28 262.28 263.96 263.96 263.96

Small Vegetables 1.34 1.34 1.34 1.34 9.85 9.85 9.85 9.85 9.85 3.70 3.70 3.70

Bermuda w/ Rye 27.26 27.26 27.26 27.26 313.69 313.69 313.69 313.69 313.69 317.35 317.35 317.35

Orchard 27.69 27.69 27.69 27.69 28.83 28.83 28.83 28.83 28.83 28.83 28.83 28.83

Melons (Fall) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Small Grain 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sudan 0.00 0.00 0.00 0.00 3.06 3.06 3.06 3.06 3.06 3.06 3.06 3.06

Total 129.95 129.95 129.95 129.95 617.71 617.71 617.71 617.71 617.71 616.90 616.90 616.90

OWMA:

Alfalfa 18.36 18.36 18.36 18.36 33.39 33.39 33.39 33.39 33.39 33.39 33.39 33.39

Bermuda w/Rye 5.59 5.59 5.59 5.59 10.67 10.67 10.67 10.67 10.67 10.67 10.67 10.67

Moist Soil Unit 155.16 155.16 155.16 155.16 0.00 0.00 0.00 0.00 0.00 155.16 155.16 155.16

Sudan 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Open Water 31.88 31.88 31.88 31.88 31.88 31.88 31.88 31.88 31.88 31.88 31.88 31.88

Total 210.99 210.99 210.99 210.99 75.94 75.94 75.94 75.94 75.94 231.10 231.10 231.10
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Table 4-6
Total ET in Acre Feet (2014) 

January February March April May June July August September October November December Total

Bowman Reservoir 40.15 55.03 91.36 92.26 120.61 114.31 100.56 63.38 54.41 61.00 60.60 45.28 899

Riparian:

Sc_Low above Wells Siding 18.32 20.94 36.65 75.91 159.68 201.56 191.09 172.77 141.36 86.38 31.41 13.09 1,149
AW 0.63 0.78 1.57 3.22 5.42 6.28 5.96 5.34 4.00 2.43 0.94 0.55 37
CW 0.54 0.67 1.41 2.96 4.98 5.65 5.32 4.78 3.57 2.22 0.87 0.47 33
Ms-High 0.57 0.71 1.49 3.06 5.05 5.83 5.48 4.98 4.05 2.70 1.14 0.50 36
Low Veg 1.52 1.69 3.38 6.25 10.31 11.33 11.33 9.97 8.45 5.41 2.37 1.18 73
Marsh 1.40 1.60 7.40 14.80 18.40 19.20 18.20 16.40 13.40 5.40 1.40 1.20 119
Sc-Low 6.84 7.82 13.68 28.34 59.62 75.25 71.34 64.5 52.77 32.25 11.73 4.89 429
Sc/ms 0.71 0.89 1.79 4.11 7.24 8.49 7.95 7.15 5.45 3.22 1.25 0.63 49
Open Water 0.63 0.77 1.24 1.26 1.69 1.69 1.66 1.27 1.5 1.47 1.26 0.75 15
Subtotal Below Wells Siding 13.00 15.00 32.00 64.00 113.00 134.00 127.00 114.00 93.00 55.00 21.00 10.00 791
Total 31 36 69 140 272 335 318 287 235 141 52 23 1,940

MVIC Ag:

Alfalfa 16.11 23.27 30.8 41.25 178.35 191.47 180.98 173.11 146.88 108.22 65.64 63.88 1,220

Small Vegetables 0.40 0.45 0.58 0.20              -  
             
-               -               -  0.79 0.63 0.73 0.82 5

Bermuda w/ Rye 7.33 8.07 10.04 7.63 200.76 216.44 207.03 194.49 150.57 72.99 82.09 67.28 1,225
Orchard 4.12 4.60 7.70 12.46 19.03 20.18 19.32 18.45 14.7 11.24 7.17 4.38 143
Melons (Fall)         - - - - - - - - - - - -
Sm Grain     - - - - - - - - - - - -
Moist Soil Unit - - - - 0.95 2.57 0.80 1.41 1.32 0.89 1.37 1.17 10
Total 27.95 36 49 62 399 431 408 387 314 194 157 138 2,603

OWMA:

Alfalfa 4.01 5.80 7.68 10.28 22.70 24.37 23.04 22.04 18.70 13.69 8.30 8.08 169
Bermuda w/Rye 1.50 1.65 2.06 1.56 6.83 7.36 7.04 6.62 5.12 2.45 2.76 2.26 47
Moist Soil Unit 89.79 123.51 36.95 55.86 - - - - - 45.00 69.62 59.27 480
Sudan - - - - - - - - - - - -
Open Water 9.46 11.64 18.84 19.02 25.50 25.50 25.13 19.23 22.71 22.32 19.02 11.32 230
Total 105 143 66 87 55 57 55 48 47 83 100 81 926
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In addition to SNWA’s data collection efforts, the NDWR recently published a report titled 
Evapotranspiration and Net Irrigation Requirements for Nevada. The report and ET database can be 
found on the NDWR website (http://water.nv.gov/mapping/et/et_general.cfm).  Since there are not 
many MET stations collecting ET data under ideal conditions, data from National Weather Service 
Cooperative Observer Program weather stations was used to approximate reference ET. The NDWR 
report also modified standard crop curves to the climate and agricultural practices of Nevada. Using 
the NDWR database (http://water.nv.gov/mapping/et/et_general.cfm), the calculated alfalfa ET for 
the Lower Moapa Valley is 4.9 ft per year. This value is lower than the Mohave Valley value of 5.7 ft. 
These lower values are to be expected as the Muddy River is at a higher elevation and latitude than 
Mohave Valley, Arizona. SNWA will continue collecting MET data and may use the data collected 
from the Moapa Valley High School MET tower, possibly with the modified crop curves from the 
NDWR report in future ICS Certification Reports.

4.2.3 Open Water Evaporation

Open water bodies on the Lower Muddy River include Bowman Reservoir, the Muddy River channel, 
and a few small ponds on the OWMA. Bowman Reservoir is used by MVIC to augment irrigation 
flows during the summer irrigation season. The reservoir is also where SNWA’s Coyote Spring 
Valley Imported ICS is delivered.  Traditionally the 3,000 to 4,000 af capacity reservoir is filled in the 
winter months from the Muddy River via gravity flow and then a pump to reach higher storage 
volumes. The reservoir storage is then used to augment the summer irrigation season. 

The open water evaporation rate used for Bowman Reservoir, the Muddy River channel, and 
the ponds on the OWMA was 7.50 ft/yr. This value is the open water evaporation rate determined and 
published by the USGS for Lake Mead. The monthly average evaporation data was published in the 
USGS SIR 2006-5252 titled Evaporation from Lake Mead, Arizona, and Nevada, 1997-99. The 
average monthly evaporation data from the report can be found in Table 4-4. The surface area of 
Bowman Reservoir and other open water on the Lower Muddy River can be found in Table 4-5, and 
the total evaporative loss can be found in Table 4-6 and in Row G of Table 4-2. Changes in storage in 
Bowman Reservoir along with inflows from SNWA’s Imported ICS project are shown in Rows J and 
K of Table 4-2. Monthly water level elevations in Bowman Reservoir were manually recorded by 
MVIC personnel utilizing a surveyed stage measurement gage located on the side of the reservoir.  A 
stage capacity curve was created by SNWA using high resolution LiDAR data collected when the 
reservoir was empty. The LiDAR data enables MVIC and SNWA to obtain a very accurate reservoir 
storage volume at any given reservoir elevation. Month-to-month Bowman Reservoir volumes were 
used to calculate changes in storage in the reservoir which translated to inflows and outflows of the 
reservoir.

4.3 Industrial Consumptive Use

A portion of MVIC’s shares have been purchased and leased by Simplot, a sand and minerals 
operation in Overton, Nevada, which is using the water represented by shares they control for 
slurrying and washing sand for glass production. The water is 100% consumptively used, so the water 
represented by the shares controlled by Simplot is subtracted in its entirety from the water balance.
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In 2014, Simplot controlled up to 196.196 preferred and 257.166 common shares (personal 
communication with Scott Millington, MVIC General Manager, May 2014). Using the acre-foot per 
share values of 7.1657 af/share preferred and 0.5894 af/share common, Simplot consumptively used 
1,557 af of MVIC water in CY 2014. While the water delivered to Simplot is not directly measured, 
they are located at the end of the ditch and are subject to all users upstream obtaining their rights. 
Even SNWA’s rights are taken on turn and returned to the natural channel above Simplot. Therefore, 
calculating their use at 100% of their controlled shares ensures a conservative estimate for their 
annual use. The monthly breakdown of Simplot’s consumptive use is shown in Row E of the Water 
Budget (Table 4-2).

4.4 Overton Wildlife Management Area

The OWMA is located just above the Muddy River’s confluence with Lake Mead, downstream of the 
Lewis Avenue gage. OWMA is managed for migrating birds, hunting, and most recently, a refugia for 
Razorback suckers in a small impoundment called Honey Bee Pond. The managed part of the facility, 
located above Lake Mead, is about 280 acres in size and consists of a series of seasonal wetlands 
that are flooded in the winter for migrating waterfowl, along with several fields of Alfalfa, Sudan 
grass, and Bermuda grass for bird habitat and minor farming, along with Honey Bee Pond and a 
couple other small impoundments.

The OWMA receives most of its water directly from the Muddy River and is permitted to do so under 
tail-water permits. In addition to the tail-water rights, OWMA owns shares in MVIC. In 2014, 
OWMA owned 415 afy of MVIC rights represented by 51.25 preferred and 80.50 common shares 
(personal communication with Scott Millington, MVIC General Manager, May 2014). MVIC water 
delivered to OWMA is diverted at Wells Siding and travels via ditch to OWMA, therefore bypassing 
the Lewis Avenue gage.

The managed area of OWMA above Lake Mead uses approximately 790 afy (Table 4-6), in addition 
to the 415 afy from MVIC shares, (Row P of Table 4-2) based on the type of vegetation/management 
practices for OWMA lands above Lake Mead. Aerial photography and discussions with OWMA 
management were used to determine the appropriate LCRAS Vegetation ET rates to apply to the 
managed areas.

4.5 Flows Entering Lake Mead  

After the OWMA consumptive uses from the Muddy River are subtracted from the total flows 
measured at the Lewis Avenue gage, the total outflows to Lake Mead as both surface- and 
under-flows can be derived (Row Q of Table 4-2). As outlined in Table 4-2, 18,749 af of Muddy 
River water entered Lake Mead in CY 2014. 
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5.0 SNWA TRIBUTARY CONSERVATION ICS

In CY 2014, SNWA controlled 15,098 af of Muddy River water rights. In 2014, SNWA did not 
deliver any Coyote Spring Valley Imported ICS (Imported) water to the Lower Muddy River for 
conveyance to Lake Mead. 

The difference between the total outflows to Lake Mead and Tributary Conservation and Imported 
rights held by SNWA is 3,651 af. Since SNWA’s are less than the total flow volume of water reaching 
Lake Mead, SNWA created Tributary Conservation ICS with the full volume of rights owned and 
controlled on the Muddy River – 15,098 af prior to overrun payback and the one-time deduction of 
5% for the benefit of additional system storage in Lake Mead.
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1.0 INTRODUCTION

1.1 Intentionally Created Surplus (ICS)

The Secretary of Interior (Secretary) issued a Record of Decision for ‘Colorado River Interim 
Guidelines for Lower Basin Shortages and the Coordinated Operations for Lake Powell and Lake 
Mead’ (Guidelines) on December 13, 2007, which established criteria for the development and 
delivery of Intentionally Created Surplus (ICS). One type of ICS is Tributary Conservation, which 
allows a Contractor, as defined in the Guidelines, to increase tributary flows into the mainstream of 
the Colorado River within its state for ICS credits. Conservation of tributary flows entering the 
mainstream of the Colorado River and available for ICS credit are limited to flows associated with 
water rights that have been used for a significant period of years and were perfected prior to June 25, 
1929, the effective date of the Boulder Canyon Project Act (BCPA).

To generate ICS, the Guidelines require a Contract holder to enter into a Delivery Agreement with the 
United States of America and a Forbearance Agreement with Lower Basin Contract holders. On 
December 13, 2007, the Southern Nevada Water Authority (SNWA) and Colorado River Commission 
of Nevada entered into a Delivery Agreement with the United States of America and a Forbearance 
Agreement with Lower Basin Contract holders. Exhibit A of the Forbearance Agreement describes 
the surface-water rights on the Muddy and Virgin Rivers, pre-dating June 25, 1929, which SNWA 
plans to use to create Tributary Conservation ICS, and how the Muddy River flows reaching Lake 
Mead will be calculated (Appendix A).

1.2 Plan of Creation (ICS Plan)

The Guidelines, Forbearance Agreement, and Delivery Agreement require a plan for the creation of 
ICS (ICS Plan). An ICS Plan for Muddy River Tributary Conservation ICS was submitted to 
Reclamation for CY 2015 on June 30, 2014. SNWA received a letter from Reclamation dated 
September 25, 2014 approving the ICS Plans for CY 2015. 

After the execution of the System Conservation Implementation Agreement (SCIA) on June 4th, 
2015, an amended 2015 ICS Plan was submitted Reclamation on June 17, 2015 for the purpose of 
documenting the planned Pilot System Conservation Program (Pilot Program) water, as discussed in 
Section 1.3. The amended ICS Plan was approved by Reclamation in a letter dated September 10, 
2015 (Appendix B).

This report satisfies the requirements the Guidelines and of Nevada State Engineer Order 1194 which 
is provided in Appendix C and summarized as follows:
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• Under Nevada State Engineer Order 1194, an annual report will be submitted to the Nevada 
Division of Water Resources giving a “full accounting of adjudicated water rights on the 
Muddy River or its tributaries owned or controlled by the entity with an ICS Delivery 
Contract, which have been conveyed through the Muddy River system to the Colorado River 
mainstream for the creation of ICS.” After review of the annual report, the Nevada State 
Engineer will issue a letter verifying the quantity of water conveyed through the Muddy River 
system to the Colorado River mainstream for the purpose of creating ICS.

• Based on the Guidelines, an annual certification report will be submitted for the Secretary of 
Interior’s review and verification that documents the amount of Tributary Conservation ICS 
created in the preceding year, and demonstrates that the method of creation was consistent 
with SNWA’s approved ICS Plan.

Intentionally Created Surplus is declared a beneficial use under Nevada Revised Statutes 533.030.

1.3 Pilot System Conservation Program (Pilot Program)

On July 30, 2014, the U.S. Bureau of Reclamation (Reclamation) and four municipal entities, the 
Central Arizona Water Conservation District, The Metropolitan Water District of Southern California, 
Denver Water, and SNWA entered into an agreement for a Pilot Program for funding the creation of 
Colorado River System water through voluntary water conservation and reductions in use.

The Pilot Program funds projects that keep water in Lakes Powell and Mead through temporary, 
voluntary, and compensated conservation mechanisms. SNWA submitted a Pilot Program proposal to 
dedicate to the Colorado River System a portion of Muddy and Virgin River water it owns or 
otherwise controls to the Colorado River System in Calendar years 2015 and 2016, in lieu of creating 
Tributary Conservation ICS Credits. The proposal was selected for funding and SNWA entered into a 
System Conservation Implementation Agreement (SCIA) with the Bureau of Reclamation on June 4, 
2015, to conserve a total of 15,000 acre-feet of Colorado River water in calendar years 2015 and 
2016. For each Calendar Year (CY) 2015 and 2016, SNWA will dedicate 7,500 af of its Muddy and 
Virgin River water to the Colorado River System, in lieu of creating Tributary Conservation ICS 
credits. The full duration of SNWA’s Pilot Program is two calendar years, 2015 and 2016. 

SNWA will use the approved methods consistent with the ICS program documented in Exhibit A of 
the Forbearance Agreement (Appendix A) and described in this document, to document the volume 
of conserved Muddy and Virgin River water to be dedicated as Pilot Program water that will remain 
in the Colorado River System. 
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2.0 PROJECT DESCRIPTION

Muddy River water rights that are being utilized to create Tributary Conservation ICS pursuant to the 
approved ICS Plan and Exhibit A of the Forbearance Agreement are decreed Nevada state water 
rights with an established history of use prior to 1929. Exhibit A of the Forbearance Agreement 
specifically allows SNWA to utilize any and all pre-June 25, 1929, Muddy River water rights to 
create Tributary Conservation ICS regardless of the water rights history of use after 1928.

The Muddy River originates from regional springs in the Muddy River Springs Area in Nevada and 
flows into the Overton Arm of Lake Mead (Figure 2-1). Muddy River flows are relatively constant, 
because flows from the springs that form the river are consistent due to their regional source, the 
carbonate aquifer system of eastern Nevada. The average annual flow of the Muddy River at the 
United States Geological Survey (USGS) gaging station 09419000 Muddy River near Glendale, 
Nevada (Glendale gage) for Water Years 1950 through 2014 is 30,572 acre-feet per year (afy).

Muddy River water rights were judicially decreed in 1920, and the decree allocated the entire flow of 
the Muddy River (Appendix D). The Order of Determination, attached to the decree as Exhibit A, 
explicitly outlines the Place-of-Use (POU) for the water rights and established summer and winter 
diversion rates. For the most of the decreed rights, the summer season is May 1 to September 30 with 
a diversion rate of 1 cubic-foot per second (cfs) per 70 acres of land and the winter season is October 
1 to April 30 with a diversion rate of 1 cfs per 100 acres of land. These diversion rates equate to an 
annual rate of 8.54 afy per acre (afy/acre).

Surface water rights on the upper reach of the Muddy River, from the Muddy River Springs to the 
Glendale gage, are owned and controlled by individual right holders. On the Lower Muddy River, 
downstream of the Glendale gage, water rights are held by the Muddy Valley Irrigation Company 
(MVIC) for use by its shareholders. 

Muddy River surface-water rights owned and controlled by SNWA are no longer utilized for 
agriculture and are therefore being conveyed to Lake Mead. The pre-June 25, 1929, water rights 
conveyed to Lake Mead represent the full right that is and has been historically used for agriculture or 
could have otherwise been diverted from the Muddy River and fully consumed by SNWA in Nevada.         

Muddy River rights conveyed to Lake Mead passed through their historic points of diversion and 
either flowed through the irrigation company ditches and returned to the mainstream of the Muddy 
River further downstream or remained in the mainstream of the Muddy River. The full rights owned 
and leased by SNWA and documented to flow to Lake Mead have been accounted for as Tributary 
Conservation ICS or as Pilot Program water.
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Figure 2-1
Map of the Upper and Lower Reaches of the Muddy River Divided by the Glendale Gage

SE ROA 46362

JA_13909



Muddy River Tributary Conservation ICS Certification Report 2015

Section 2.0 2-3

  
  

2.1 Summary of Results for CY 2015

The total volume of Muddy River water for which SNWA created Tributary Conservation ICS and the 
Pilot Program was 18,472 af in CY 2015. This volume excludes any overrun payback and a one-time 
deduction of 5% for the benefit of additional system storage in Lake Mead, as outlined in the 
Guidelines (Table 2-1). This volume is less than the 20,000 af outlined in the approved, amended 
CY 2015 ICS Plan. Detailed data and calculations are described in subsequent sections of this report.  

Table 2-1
Muddy River 2015 ICS and Pilot Program Water

Water Right Acre Feet Conserved in 2015

Muddy Valley Irrigation Company                                      8,509

Moapa Paiute Lease 3,000

LDS Church Rights Lease                                      2,001 

NV Energy Lease                                    3,000 

Hidden Valley Dairy                                         1,040

Knox and Holmes                                         811 

SNWA Acquired Cox Right                                           85 

SNWA Acquired Mitchell Right                                           26 

SNWA Muddy River ICS Credit and 
Pilot Program Water Credit

                                   18,472
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3.0 WATER CONSERVATION ASSOCIATED WITH SNWA 
MUDDY RIVER RIGHTS

On the Muddy River, there are two distinct reaches above and below USGS gaging station 09419000 
Muddy River Near Glendale, NV (Glendale gage). By controlling water rights on the Muddy River 
within these two reaches, SNWA was able to successfully conserve Muddy River water in CY 2015 
and convey it to Lake Mead for Tributary Conservation ICS credits or for the Pilot Program. The 
sections below describe the water rights and conservation measures.

3.1 Verification Process of Fallowed Land

Within the agricultural areas, irrigated areas were digitized using the 2006 National Agricultural 
Imagery Program data. Since 2008, SNWA has funded aerial-photography specifically for the 
purpose of Tributary Conservation ICS verification. This photography has been strategically 
scheduled 3-times per year to document agricultural activities during the summer and winter seasons 
of a given calendar year are documented. The high-resolution, aerial photography has a resolution of 
6-inches per pixel and allows for more accurate determinations of fallowed versus active agricultural 
fields. An example of the high-resolution, aerial photography used to classify and delineate crop areas 
is presented in Figure 3-1.     

The aerial photography combined with field reconnaissance and interviews with irrigation company 
managers ensured the highest degree of accuracy in determining the actual irrigated acreage along the 
Muddy River. 

Aerial-photography flights were performed in December 2014, July 2015, and December of 2015 to 
identify lands being flood irrigated or fallowed during the winter and summer irrigation seasons. The 
summer irrigation season spans May through September. The July photography documents areas that 
were actually being irrigated during the summer irrigation season, because by July most of the natural 
vegetation that was not receiving irrigation water had died back.

Muddy River water rights have defined POU maps and many have subsequent 
Proof-of-Beneficial-Use (PBU) maps, showing the locations where the decreed and permitted water 
rights were beneficially used within the defined POU. These POU and PBU maps, when compared to 
recent aerial photography, serve as the baseline for proof of previously irrigated lands, documenting 
conservation of the water. In some instances, the recent digitized polygons of the current fields do not 
exactly match the fields on the POU or PBU maps from decades prior. This is due to improved 
mapping capabilities and changes in land/water right ownership resulting in divided/combined fields. 
However, since the water rights can be used anywhere within the defined POU, the breakdown of the 
fields is not as important as the total irrigated acreage within the POU.
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Figure 3-1
Example of Detailed 6-inch Aerial Photography on the Lower Muddy River
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Some of the fields on the aerial photography depict green vegetation even though they are not being 
irrigated. This is due to the fact that many of the fallowed fields historically contained perennial 
alfalfa, which receive periodic water from winter rains that temporarily turn the fields green. Many of 
the fields that appear to have some green in the photography of the cooler months are brown in the 
July photography. To ensure the fields were not irrigated, SNWA met with land owners or irrigation 
managers to review which fields were being irrigated. Additionally, written verification from the Muddy 
Valley Irrigation Company (MVIC) was obtained documenting that the shares controlled by SNWA were 
not being used for irrigation (Appendix G). The results of the interviews and documentation of conserved 
water on the Muddy River is presented in the following sections.

3.2 Upper Muddy River Rights

The Upper Muddy River, for the purposes of this report, is defined as the reach from the Muddy River 
Springs Area to the Glendale gage. Within this reach, decreed Muddy River water rights are 
individually owned with specific POUs describing the lands irrigated by the surface-water rights.

The Upper Muddy River is a gaining stream from its headwaters to the Glendale Gage and natural 
vegetation in this area (eg. phreatophytes) is supplied by shallow groundwater and spring discharge. 
The river flows do not constitute a significant source of water supply for Evapotranspiration (ET) 
losses. Therefore no ET losses were deducted from the Muddy River water rights between the 
headwater springs and the Glendale Gage.

3.2.1 LDS Church Rights Lease / Cox and Mitchell Right Purchase

In 2006, SNWA in partnership with the Moapa Valley Water District (MVWD) agreed to lease 
2,001 afy of the 2,046 afy of decreed Muddy River water rights held by the Corporation of the 
Presiding Bishop of the Church of Jesus Christ of Latter-day Saints (LDS Church). This water had 
been historically used for agricultural irrigation on approximately 228 acres in the Muddy River 
Springs Area. The lease agreement allows MVWD and option to utilize up to 50% of the water leased 
based on coordination with SNWA. In CY 2015, MVWD did not exercise their 50% option on the 
LDS Church lease, and SNWA retained the entire 2,001 af.

In 2007, SNWA purchased the majority of land associated with the LDS Church water rights for the 
primary purpose of restoring habitat of the Moapa dace, an endangered fish species endemic to the 
warm waters of the Muddy River Springs Area. The management of this land, referred to as the 
Warm Springs Natural Area (WSNA), in combination with the U.S. Fish and Wildlife’s management 
of the adjacent Moapa Wildlife Refuge, will protect the majority of the springs that make up the 
headwaters of the Muddy River. A key component of activities to preserve the Moapa dace’s habitat 
is leaving the warm water that emanates from the Muddy River Springs Area, which was previously 
used for agricultural purposes, in the natural channels that meander through the WSNA and the 
Moapa Wildlife Refuge. This preservation activity is compatible with the creation of Tributary 
Conservation ICS on the Muddy River.
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When SNWA purchased the WSNA in 2007, it also acquired two decreed water rights not related to 
the 2,001 afy LDS Church lease. These rights were originally decreed to Cox (V01619) and Mitchell 
(V01631) in 1920 for 85 afy and 26 afy, respectively. 

Figure 3-2 presents the 1984 PBU map and POU for the decreed and certificated LDS Church, Cox, 
and Mitchell water rights. Figures 3-3 through Figure 3-5 present the aerial photography for these 
areas and vicinity during December 2014, July 2015, and December of 2015, respectively. The aerial 
photography illustrates land fallowing over the POU. 

The fallowed lands are further emphasized on Figure 3-6, which presents a 1976 aerial photograph of 
the area along with the July 2015 photography. The 1976 photography depicts numerous agricultural 
fields indicative of active irrigation, while the July 2015 photography demonstrates irrigation has not 
occurred on much of the lands for several years, including CY 2015. There are some areas within the 
POU where natural vegetation that is not irrigated has replaced previously cultivated/irrigated fields. 
These naturally vegetated areas are located in the middle of the Muddy River Springs Area and are 
being supported by natural groundwater seeps and relatively shallow depths to groundwater. Since 
acquiring the WSNA property in September 2007, SNWA has ensured that none of the fields 
associated with either the LDS Church lease or the Cox and Mitchell rights were irrigated during CY 
2015.

Figures 3-2 through Figure 3-5 demonstrate that lands associated with the 2,001 afy LDS Church 
lease as well as the 111 afy Cox and Mitchell rights remained fallowed during CY 2015. The 2,112 af 
of conserved water remained in the mainstream of the Muddy River and flowed downstream to the 
Glendale gage and then to Lake Mead. The conveyance of these rights from the Glendale gage to 
Lake Mead is accounted for in the calculations for the Lower Muddy River in subsequent sections of 
this report.                            

3.2.2 Moapa Band of Paiute Indians Lease

The Moapa Band of Paiute Indians (MBPI) controls 3,700 afy of Muddy River decreed water rights 
under Permits 73482, 73483, and 73695. These permits were previously controlled by the MVIC 
under Muddy River Decree Certificates 58A, 266, and 274. The MBPI Muddy River permits state 
they are in ‘consumptive use’ terms, defined in the permits as “…intended to mean diversions less 
returns of Muddy River Water.”

In April of 2015, SNWA entered into an agreement with the MBPI to lease up to 3,000 af of their 
pre-BCPA Muddy River consumptive use water rights during CY 2015 and CY 2016. In addition, the 
Hidden Valley Dairy leased 300 af from MBPI during CY 2015, leaving MBPI 400 af for irrigation 
on the MBPI reservation.

The MBPI utilizes a sprinkler irrigation system with a booster pump and flow meter. An additional 
meter had been installed at the bottom of the irrigation system where diverted water that remained in 
the distribution pipe and was not used would be metered back to the Muddy River.   

For much of CY 2015 the meter at the bottom of the MBPI irrigation system was not functioning, and 
for a few months in the summer irrigation season the flow meter at the intake pump was also not

SE ROA 46368
JA_13915



M
u

d
d

y R
iver T

rib
u

tary C
o

n
servatio

n
 IC

S
 C

ertificatio
n

 R
ep

o
rt 2015

S
ection 3.0

3-5

    

Figure 3-2
LDS Church Water Rights 1984 PBU Map; POU Quarter-Quarter Sections for LDS Church Rights Highlighted in 

Red; Cox and Mitchell Rights Highlighted in Blue and Green, Respectively
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Figure 3-3
December 2014 Aerial Photography for LDS Church, Cox, and Mitchell Rights

Muddy River - Warm Springs Natural Area

December 2014 Irrigated Areas

20987_X0249_ICS_WSNA_Dec_2014  RH

Scale = 1:20000
NAD_1983_StatePlane_Nevada_East_FIPS_2701_Feet

Cox Claim No. V01619 (10 acres)

Mitchell Claim No. V01831 (3 acres)

Place of Use Area

Fallowed Areas

See Inset Map ASee Inset Map A

Inset Map AInset Map A

!!!!:
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Figure 3-4
July 2015 Aerial Photography for LDS Church, Cox, and Mitchell Rights

Muddy River - Warm Springs Natural Area

July 2015 Irrigated Areas

21149 X0249 ICS WSNA J l 2015 RH

Scale = 1:20000
NAD_1983_StatePlane_Nevada_East_FIPS_2701_Feet

Place of Use Area

Irrigated Areas

Fallowed Areas

Cox Claim No. V01619 (10 acres)

Mitchell Claim No. V01831 (3 acres)

See Inset Map ASee Inset Map A

Inset Map AInset Map A
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Figure 3-5
December 2015 Aerial Photography for LDS Church, Cox, and Mitchell Rights

Muddy River - Warm Springs Natural Area

December 2015 Irrigated Areas

21311_X0249_ICS_WSNA_Dec_2015  RH

Scale = 1:20000
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Cox Claim No. V01619 (10 acres)

Mitchell Claim No. V01831 (3 acres)

See Inset Map ASee Inset Map A

Inset Map AInset Map A
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Figure 3-6
POU for the LDS Church Water Rights Overlaid on a 1976 Aerial Photograph (Top), 

and the July 2015 Aerial Photograph (Bottom) 

1976 Benificial Use Area

Muddy River - Warm Springs Natural Area

Muddy River - Warm Springs Natural Area

July 2015 Place of Use Area

Scale = 1:20000
NAD_1983_StatePlane_Nevada_East_FIPS_2701_Feet

21359_X0249_ICS_WSNA_78_vs_15_Comparison   2/29/2016  

Place of Use Area

Place of Use Area
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functioning. Because of the missing periods of meter data, consumptive use of Muddy River by 
MPBI in CY 2015 was determined using the Net Irrigation Water Requirement (NIWR), which is the 
estimated amount of water a crop uses in a specific geographic location (Huntington, 2010). The 
monthly NIWR for lands irrigated by MPBI is based on data from an Overton, NV meteorological 
station, and was obtained from the Nevada Division of Water Resources 
(http://water.nv.gov/mapping/et/et_general.cfm).  

Figure 3-7 through Figure 3-10 compare the POU for the MBPI lands with the aerial photography 
taken in December 2014, July 2015, and December of 2015, respectively. The aerial photography 
demonstrates MPBI irrigated three fields totaling 73.10 acres throughout CY 2015. Table 3-1 applies 
the NIWR to the irrigated acreage and illustrates MPBI used 334 af of water in CY 2015, conserving 
3,366 af. This conserved water was sufficient to meet the SNWA lease of 3,000 af and the Hidden 
Valley Dairy lease of 300 af in CY 2015.

The 3,000 af of MPBI water leased by SNWA remained in the mainstream of the Muddy River and 
flowed downstream to the Glendale gage and then to Lake Mead. The conveyance of these rights 
from the Glendale gage to Lake Mead is accounted for in the calculations for the Lower Muddy River 
in subsequent sections of this report.

The 300 af of MPBI water leased by the Hidden Valley Dairy was transferred to their point of 
diversion and POU downstream under Permits 85529T and 85530T. 

3.2.3 Hidden Valley Purchase

In 2008, SNWA purchased 1,040.91 af of decreed Muddy River water rights along an upper reach of 
the Muddy River commonly referred to as Hidden Valley. The full volume of water available under 
the water-right certificate is 1,340.91 af. The land owner, referred to as Hidden Valley Dairy, retained 
approximately 300 af. As discussed in the previous section, Hidden Valley Dairy leased an additional 
300 af from MBPI. 

Figure 3-11 depicts a 1918 PBU map of Hidden Valley. The red outline highlights the Public Land 
Survey System Quarter-Quarter sections that are included in the POU description in the Muddy River 
Decree. Figures 3-12 through Figure 3-14 present the aerial photography for this area taken in 
December 2014, July 2015, and December of 2015.                 

To enhance water accounting associated with Hidden Valley, a continuous flow measurement device 
was installed in 2014 on the Hidden Valley diversion from the Muddy River. In CY 2015 metered 
diversions were used to demonstrate that the Hidden Valley Dairy did not exceed their diversion 
right. The aerial photography provided additional verification that the metered diversions irrigated a 
reasonable number of acres. Table 3-2 presents the monthly metered diversions that total 455 af in 
CY 2015, which was less than the 600 af available to the Hidden Valley Dairy in CY 2015.   

The 1,040.91 af owned by SNWA was conserved and remained in the mainstream of the Muddy 
River and flowed downstream to the Glendale gage and then to Lake Mead. The conveyance of these 
rights from the Glendale gage to Lake Mead is accounted for in the calculations for the Lower Muddy 
River in subsequent sections of this report.     
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Figure 3-7
Moapa Band of Paiutes 1984 PBU Map; POU Quarter-Quarter Sections Highlighted in Red
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Figure 3-8
December 2014 Aerial Photography for Moapa Band of Paiutes

December 2014 Irrigated Areas

Muddy River - Moapa - Paiute Area

20988_X0249_ICS_Moapa_Paiute_Dec_2014  RH

Scale = 1:20000
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Figure 3-9
July 2015 Aerial Photography for Moapa Band of Paiutes

July 2015 Irrigated Areas

Muddy River - Moapa - Paiute Area

21150_X0249_ICS_Moapa_Paiute_July_2015  RH
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Figure 3-10
December 2015 Aerial Photography for Moapa Band of Paiutes

December 2015 Irrigated Areas

Muddy River - Moapa - Paiute Area
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Table 3-1
Moapa Band of Paiutes Metered Usage

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2015

 Total

A Total MBPI Water Right (af) 258.67 233.63 258.67 357.60 369.52 357.60 369.52 369.52 357.60 258.67 250.32 258.67 3,700

B Measured Irrigated Acres (acres) 73.10 73.10 73.10  73.10  73.10  73.10  73.10  73.10  73.10 73.10  73.10  73.10

C x NDWR Overton NIWR (ft) 0.01 0.10 0.40 0.44 0.64 0.72 0.69 0.61 0.47 0.31 0.13 0.06

D = B x C Agricultural Consumptive Use (af) 0.74 7.45 29.00 32.31 46.47 52.38 50.26 44.24 34.61 22.82 9.28 4.24 334

E = A - D Total Water Conserved (af) 257.92 226.18 229.67 325.30 323.06 305.22 319.25 325.29 323.00 235.84 241.04 254.43 3,366

F Leased to Hidden Valley Dairy 300

G = E - F Remaining Conserved Water 3,066

H SNWA Leased Right (af)
3,000 

Is H < G YES
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Figure 3-11
Hidden Valley PBU Map, POU Quarter-Quarter Sections Highlighted in Red
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Figure 3-12
 Hidden Valley December 2014 Aerial Photography

December 2014 Irrigated Areas

Muddy River - Hidden Valley Area

20989_X0249_ICS_Hidden_Valley_Dec_2014  RH
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Figure 3-13
Hidden Valley July 2015 Aerial Photography

July 2015 Irrigated Areas

Muddy River - Hidden Valley Area

Place of Use Area

Irrigated Areas

Fallowed Areas
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Figure 3-14
Hidden Valley December 2015 Aerial Photography

December 2015 Irrigated Areas
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Table 3-2
2015 Hidden Valley Water Rights

Notation Description Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2014 
Total

A
Acre-Feet per Month of SNWA’s Owned 
Right 74.88 67.63 74.88 72.47 106.97 103.52 106.97 106.97 103.52 74.88 72.47 74.88 1,040

B
Hidden Valley Retained Portion of Permit 
(af) 300

C Leased from Paiutes (af) 300

D = B + C Total Available to Hidden Valley (af) 600

E Metered Hidden Valley Diversion (af) 27.09 22.22 25.21 46.24 58.26 65.85 63.73 66.86 42.59 34.16 0.00 3.07 455

F = D - E
Remaining Water Available to Hidden 
Valley (af) 145

Is F > 0? Yes

SNWA ICS Credit (af)  1,040
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3.2.4 MVIC Lease /NV Energy Sub-Lease

Since 2009, SNWA has leased 3,000 afy of winter (October-April) water rights from MVIC, and 
subleased a portion of the rights to NV Energy (NVE). The 3,000 afy had previously been leased from 
MVIC directly by NVE, from 1967 to 2009, for use at the NVE Reid Gardner Generating Station 
(Reid Gardner) located near Moapa, NV. Under agreements between SNWA, MVIC, and NVE, the 
3,000 afy of MVIC water rights are assigned to SNWA, who then sub-leases the water to NVE. The 
lease agreements give NVE the ability to take only the amount of water they need and the remainder 
stays in the Muddy River as SNWA-controlled water rights which are eligible for ICS credits. 

The change in the POU for the 3,000 afy from MVIC to Reid Gardner is documented under NDWR 
Certificates 7316 and 13851 and required the fallowing of agricultural land within the MVIC POU 
equivalent to the 3,000 afy transfer. NVE’s diversion of the subleased water rights is located at the 
Reid Gardner Muddy River diversion just upstream of USGS gaging station 09416000 Muddy River 
near Moapa, NV.             

During the winter seasons, NVE submits monthly meter readings and lease payments to SNWA 
documenting the amount of water that NVE diverted from the river. Table 3-3 lists these diversion 
values. For CY 2015, NVE did not divert any of the surface water rights. The water-right certificates 
associated with the meter data received from NVE are provided in Appendix E. The 3,000 af leased 
by SNWA was therefore conserved and remained in the mainstream of the Muddy River and flowed 
downstream to the Glendale gage and then to Lake Mead. The conveyance of these rights from the 
Glendale gage to Lake Mead is accounted for in the calculations for the Lower Muddy River in 
subsequent sections of this report.     

3.2.5 Knox and Holmes Water Right Purchase

In 2008, SNWA purchased 811.28 afy of Muddy River decreed water rights which are documented in 
the decree as Vested Proof No. 01620 under the names Knox and Holmes. Until 1975, these water 
rights were used for agricultural irrigation on the decreed POU as depicted in Figure 3-15.     

In 1975, the decreed agricultural rights were leased by NVE for use at Reid Gardner and a change 
application was filed with NDWR to change the POU of the Knox and Holmes right to Reid Gardner. 
Subsequently, NDWR issued Permit No. 29295 and corresponding Certificate No. 9609 based on the 
change application. 

In 1985, the owners of the land previously irrigated with the Knox and Holmes Muddy River surface 
water rights applied for and were granted groundwater rights to irrigate the same land. In 2000, 
NDWR approved beneficial use of the groundwater rights based on pumping data and a field 
investigation by NDWR staff. Documents associated the permitted groundwater rights are in 
Appendix E.                                                  

Figures 3-16 through Figure 3-18 present the aerial photography and the POU fallowed as a result of 
the NVE lease that is now irrigated with groundwater under groundwater Permit 48763. Under 
Nevada Revised Statutes the POU under Permit 48763 can only be irrigated with groundwater. The 
811.28 af owned by SNWA was therefore conserved and remained in the mainstream of the Muddy 
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Table 3-3
Nevada Energy Lease

Notation Description Jan Feb Mar Apr May - Sept Oct Nov Dec
2015 
Total

# Days 31 28 31 30 31 30 31 212

A Cert 7316 Volume (af)   292.4528   264.1509   292.4528   283.0189   292.4528   283.0189   292.4528 2,000    

B Cert 13851 Volume (af)   146.2264   132.0755   146.2264   141.5094 no diversions   146.2264   141.5094   146.2264 1,000    

C = A + B Total Volume (af)   438.6792   396.2264   438.6792   424.5283   438.6792   424.5283   438.6792 3,000    

D Water Use by NVE (af) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0

E = C - D Water to Lake Mead for ICS (af)   438.6792   396.2264    438.6792   424.5283   438.6792   424.5283   438.6792 3,000
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Figure 3-15
Former Surface Water POU for Permit 29295 and Current Groundwater POU for 48763
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Figure 3-16
Knox and Holmes December 2014 Aerial Photography

December 2014 Irrigated Areas

Muddy River - Moapa - Lewis Property Area

20990 X0249 ICS Lewis Dec 2014  RH

Scale = 1:15000
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Figure 3-17
Knox and Holmes July 2015 Aerial Photography

July 2015 Irrigated Areas

Muddy River - Moapa - Lewis Property Area

21152_X0249_ICS_Lewis_July_2015  RH
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Figure 3-18
Knox and Holmes December 2015 Aerial Photography

December 2015 Irrigated Areas

Muddy River - Moapa - Lewis Property Area
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River and flowed downstream to the Glendale gage and then to Lake Mead. The conveyance of these 
rights from the Glendale gage to Lake Mead is accounted for in the calculations for the Lower Muddy 
River in subsequent sections of this report.    

3.2.6 Upper Muddy River Water Rights Summary

Table 3-4 summarizes the Upper Muddy River, water rights, owned and controlled by SNWA that 
were conserved and conveyed to Lake Mead. Included in the calculations for the LDS Church rights 
is the 45 afy that the LDS Church continues to hold, which was subtracted from the total LDS Church 
right to derive the SNWA controlled amount of 2,001 afy. The current Certificates leased by SNWA 
are provided in Appendix E. The total volume of Upper Muddy River water conserved by SNWA in 
CY 2015 is 9,963 af.        

3.3 Lower Muddy River Rights Summary

The Lower Muddy River, for the purposes of this report, is defined as the reach from the Glendale 
gage to Lake Mead. Within this reach water rights are held by MVIC, which holds the largest quantity 
of decreed rights on the Muddy River. MVIC’s service area begins downstream of the Glendale gage 
at the MVIC Wells Siding diversion structure (Wells Siding), where MVIC diverts their decreed 
Muddy River water rights and unused Upper Muddy River rights. MVIC delivers water to its 
shareholders through a network of concrete-lined ditches and pipes.         

MVIC decreed Muddy River water rights are owned by MVIC shareholders through ownership of 
shares of preferred and common MVIC stock. There are 2,432 preferred shares and 5,044 common 
shares in MVIC. Each share represents a pro-rata apportionment of the Muddy River decreed rights.

3.3.1  MVIC Water Rights Summary

This section summarizes the decreed Muddy River water rights owned by MVIC and the water 
represented by preferred and common shares.    

In 1974, MVIC filed PBU maps for their decreed rights used along the Lower Muddy River. The 
water-right certificates issued to MVIC in 1974 based on the proofs can be found in Appendix F. 
Although these certificates were issued in 1974, they retain their original pre-1920 priority date. 
These PBU maps, when compared to recent aerial photography, serve as the baseline for verifying 
fallowed land and demonstrating conservation of water to support SNWA’s accounting of Tributary 
Conservation ICS on the Lower Muddy River.

The irrigable lands along the Lower Muddy River under the 1974 PBU maps total 3,498.86 acres. 
However, the amount of land that can be irrigated under MVIC’s water rights cannot exceed 
2,784.75 acres with a decreed annual duty of 8.54 af/acre. 

In addition to these decreed and certificated rights, the  Muddy River Decree states that MVIC can 
divert any additional unused Muddy River flows that reach their diversion structure on the Muddy 
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Table 3-4
Upper Muddy River ICS Water Rights

Water Right Data Source Jan Feb Mar Apr May June Jul Aug Sept Oct Nov Dec Total (afy)

# Days 31 28 31 30 31 30 31 31 30 31 30 31 365

LDS Lease

Permit 6419        8.61        7.78        8.61        8.33      12.30      11.90      12.30      12.30      11.90        8.61        8.33        8.61         119.57 

Permit 25861      70.10      63.31      70.10      67.84      99.61      96.40      99.61      99.61      96.40      70.10      67.84      70.10         971.00 

Permit 26316      51.02      46.09      51.02      49.38      51.02      49.38      51.02      51.02      49.38      51.02      49.38      51.02         600.76 

Permit 26317        2.46        2.22        2.46        2.38        3.50        3.39        3.50        3.50        3.39        2.46        2.38        2.46          34.12 

Permit 26318      23.06      20.83      23.06      22.31      32.96      31.89      32.96      32.96      31.89      23.06      22.31      23.06         320.35 

Used by LDS      (3.24)      (2.93)      (3.24)      (3.14)      (4.63)      (4.48)      (4.63)      (4.63)      (4.48)      (3.24)      (3.14)      (3.24)         (45.00)

 LDS Lease Total    152.01    137.30    152.01    147.10    194.77    188.48    194.77    194.77    188.48    152.01    147.10    152.01          2,001 

Cox Decree        6.15        5.55        6.15        5.95        8.78        8.50        8.78        8.78        8.50        6.15        5.95        6.15               85 

Mitchell Decree        1.84        1.67        1.84        1.79        2.64        2.55        2.64        2.64        2.55        1.84        1.79        1.84               26 

Paiute Lease Table 3-1 209.73 189.43 209.73 289.95 299.61 289.95 299.61 299.61 299.95 209.73 202.96 209.73 3,000

HV Dairy Table 3-2      74.88 67.63 74.88 72.47 106.97 103.52 106.97 106.97 103.52 74.88 72.47 74.88 1,040

NVE Lease Table 3-3    438.68    396.23 438.68 424.53 --- --- --- --- ---    438.68    424.53    438.68 3,000

Knox and Holmes Decree      58.41      52.76      58.41      56.53      83.45      80.76      83.45      83.45      80.76      58.41      56.53      58.41             811 

Upper Total (af) 941.70 850.57 941.70 998.31 696.22 673.76 696.22 696.22 673.76 941.70 911.33 941.70 9,963
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River. This makes the actual water that MVIC splits among its shareholders vary from year to year 
based on the actual divertible flows that reach Wells Siding. 

MVIC’s water rights are tied to their service area and not individually-owned parcels. Therefore, the 
water rights associated with MVIC shares can be used anywhere within the MVIC service area, 
regardless of land ownership. Consequently, the location of individual fields being irrigated is not as 
important as the total irrigated acreage within the MVIC POU.

Since the 1974 PBU maps were filed, land use along the Lower Muddy River has undergone a 
gradual transformation from predominately agricultural to a mix of residential and commercial 
property interspersed among the agriculture. This gradual urbanization is illustrated by Figure 3-19, 
which compares aerial photography of the Lower Muddy River from October 1953 with aerial 
photography from July 2014.      

The MVIC has and is leasing a portion of their decreed rights to users on the Upper Muddy River 
including water leased to the MVWD, which diverts the water from spring boxes in the Muddy River 
Springs Area for potable use. These leased rights are diverted and not returned to the Muddy River. 
Therefore, the flows measured at the Glendale gage account for these leased rights since the flows 
reaching the gage and Wells Siding have been depleted by these diversions. In the same respect, 
unused water from MVIC’s leases is measured by the Glendale gage and is available for diversion by 
MVIC.

MVIC’s operations and covenants define preferred shares as 100% of the Muddy River summer flow 
(May – September) plus 75% of the winter flow (October – April). Common shares represent the 
remaining 25% of the winter flow. The amount of water represented by preferred and common shares, 
therefore, varies slightly from year to year due to changes in unused Upper Muddy River rights and 
unused MVIC leases that reach Wells Siding. SNWA’s Upper Muddy River rights may not be 
diverted by MVIC and are excluded from the af/shares calculations. 

3.3.2 Quantification of SNWA MVIC Water Rights

By the end of CY 2015, SNWA controlled a total of 978.5760 preferred and 2,798.0850 common 
MVIC shares. Since the amount of water represented by a share can vary annually, the volume of 
water that SNWA holds in MVIC can vary as well. To calculate the amount of water represented by 
each share in MVIC during CY 2015, the volume of water rights available to MVIC (referred to as 
divertible flows) must be determined. This volume is then distributed to the preferred and common 
share. This section details these calculations.      

3.3.3 Divertible flows by MVIC at Wells Siding

Records from the Glendale gage, which is located just upstream of Wells Siding, are used to derive 
the amount of divertible flows that reach the diversion. The divertible flows at Wells Siding, equate to 
the flows at the Glendale gage (Table 3-5) less: (1) channel losses from ET between the Glendale 
gage and Wells Siding; (2) flood flows that exceed the Wells Siding capacity (approximately  70 cfs); 
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Figure 3-19
Lower Moapa Valley 1953 (left) and July 2015 (right)

Lake Mead
(1220 ft.)

Lake Mead
(1220 ft.)0 1 20.5 Miles 0 1 20.5 Miles

Muddy River - Moapa Valley October 1953 Muddy River - Moapa Valley July 2015

21360_X0249_ICS_Moapa_53_vs_15_Comparison  2/29/2016   RH
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Table 3-5
Mean Daily Flows for USGS Muddy River near Glendale Gage (09419000) (70 cfs Limit)

Day Jan-15 Feb-15 Mar-15 Apr-15 May-15 Jun-15 Jul-15 Aug-15 Sep-15 Oct-15 Nov-15 Dec-15 Total

1 44 45 47 43 39 45 41 36 35 39 46 45

2 44 45 50 45 42 44 42 37 35 37 45 44

3 45 45 48 44 43 45 40 37 35 37 45 44

4 45 43 46 45 43 44 39 38 35 37 50 44

5 46 42 46 45 41 43 39 36 35 70 50 44

6 46 41 46 44 40 42 39 36 35 70 47 44

7 47 40 47 44 40 42 39 37 36 50 46 43

8 47 42 47 42 43 42 38 37 35 50 46 43

9 46 40 47 42 43 43 42 38 36 48 46 43

10 46 40 47 41 45 43 37 37 35 50 45 44

11 46 40 47 42 44 43 37 35 35 52 46 45

12 46 40 48 42 43 42 37 38 35 52 46 45

13 44 40 48 41 42 44 37 38 35 52 45 44

14 45 41 50 37 42 43 36 49 35 51 44 45

15 44 42 50 38 42 44 35 48 37 50 44 43

16 44 42 50 40 44 42 34 39 39 50 45 43

17 44 42 50 38 44 42 35 39 37 50 44 43

18 44 42 50 42 44 42 34 39 35 70 43 44

19 44 43 50 42 56 42 47 39 35 70 43 44

20 43 45 50 42 46 41 68 39 35 70 44 44

21 42 45 50 39 45 40 59 39 35 70 44 44

22 43 44 50 42 45 40 36 39 36 70 44 45

23 43 49 50 38 45 39 35 39 36 51 43 45

24 44 47 50 39 46 41 35 39 36 48 44 44

25 44 47 50 42 47 40 35 39 37 45 44 45

26 44 48 49 43 47 41 35 38 37 43 45 44

27 47 47 48 43 45 42 35 38 37 44 45 45

28 48 47 48 42 44 41 35 37 38 43 45 45

29 48 -- 48 40 45 40 36 37 38 45 45 45

30 48 -- 47 39 45 39 37 36 39 46 44 45

31 48 -- 44 -- 46 -- 38 36 -- 46 -- 45

Mean 45 43 48 42 44 42 39 38 36 52 45 44

Count 31 28 31 30 31 30 31 31 30 31 30 31

Minimum 42 40 44 37 39 39 34 35 35 37 43 43

Maximum 48 49 50 45 56 45 68 49 39 70 50 45

Acre-Feet 2,770 2,410 2,970 2,470 2,710 2,500 2,400 2,350 2,140 3,190 2,680 2,720 31,310

Phreatophyte 
Consumptive

 Use Glendale to 
Wells Siding (af)              18               21             37               76             160           202            191             173             141              86               31                 13 

        
1,149 

SNWA Upper 
Rights (af) 942 851 942 998 696 674 696 696 674 942 911 942 9,963

AF/Share Basis
Volume (af) 1,810 1,538 1,992 1,396 1,854 1,625 1,513 1,481 1,325 2,162 1,737 1,765 20,198
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and (3) SNWA Upper Muddy River rights being conveyed to Lake Mead for Tributary Conservation 
ICS credit (Table 3-4).   

The ET losses between the Glendale gage and Wells Siding were determined to be 1,149 af, as 
discussed in subsequent sections. To subtract non-divertible flood flows, mean daily flows greater 
than 70 cfs were identified and replaced with 70 cfs, which is the maximum diversion rate at Wells 
Siding. Monthly and annual flow statistics were then recalculated without the non-divertible flood 
flows. In CY 2015, there were a few flood events in October 2015 that resulted in flows exceeding the 
70 cfs maximum diversion, which were replaced with a daily flow value of 70 cfs. (Table 3-5).  

Conserved Upper Muddy River flows for many of the SNWA water rights were distributed into 
monthly diversion volumes in Table 3-4. These monthly volumes were then subtracted from the 
Glendale gage flows on Table 3-5 prior to estimating the amount of water pro-rated to the MVIC 
shares. 

The annual Glendale gage flows for CY 2015 were therefore reduced by 1,149 af for ET and 9,963 af 
for SNWA’s Upper Muddy River rights to derive the volume of divertible flow available to MVIC.       

3.3.4 MVIC Acre-Feet per Share Calculations

Table 3-6 summarizes the percent of divertible flows available to each MVIC share class. Using the 
divertible flows derived for CY 2015 listed in Table 3-5, the acre-foot per share values for preferred 
and common shares were calculated and listed in Table 3-7.                          

Table 3-6
MVIC Share Classes and Divertible Flow Percentages

Share Type
Number of 

Shares
Percent of

Summer Flow
Percent of

Winter Flow

(May - September) (October - April)

Preferred 2,432 100% 75%

Common 5,044 0% 25%

Table 3-7
Acre-Foot per Share Calculation Results

Calendar
Year

Jan - Apr and Oct - Dec
Flows 

(af)

May - Sept 
Flows

(af)

100% Summer 
and 75%

Winter Flows
(af)

25% Winter
Flow
(af)

Preferred-af
Divided by

2,432 shares
(af / share)

Common-af
Divided by

5,044 shares
(af / share)

2015 12,400 7,797 17,098 3,100 7.0302 0.6146

SE ROA 46396
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3.3.5 MVIC Water Controlled by SNWA

The amount of MVIC water controlled by SNWA is calculated using the derived acre-foot per share 
values listed in Table 3-7. Table 3-8 lists SNWA’s controlled water rights in af/month, accounting for 
month-to-month variability in SNWA controlled MVIC water rights due to purchases, leases, and 
leasebacks of purchased shares to original sellers.   A letter of concurrence signed by Scott Millington, 
MVIC General Manager, certifies that SNWA controlled the number of shares outlined in Table 3-8 
during CY 2015. The letter of concurrence is provided in Appendix G. The preferred and common 
acre-foot per share values were divided by the number of months in which they can be used: 
12-months for preferred shares and 7-months for common shares. The shares controlled by SNWA 
during each month (using only the number of shares controlled for the entire month) are multiplied by 
the acre-foot per share per month to obtain an acre-foot value of MVIC water controlled by SNWA 
per month for CY 2015.      

SNWA controlled MVIC shares were either not diverted into the MVIC distribution system at Wells 
Siding, thus staying in the mainstream of the Muddy River, or were diverted for the purpose of 
maintaining head on the ditches before being returned back to the mainstream of the Muddy River. 
Any water represented by SNWA controlled shares, which was diverted at Wells Siding, is included 
on MVIC’s seasonal (winter and summer) water schedules (Appendix H). Based on these 
schedules, SNWA received a “turn” on the various ditches, and SNWA’s shares were delivered to the 
mainstream Muddy River.   

3.3.6 Land Fallowing within MVIC’s POU

The December 2014, July 2015, and December 2015, 6-inch aerial photography has been used to 
determine the fallowed and irrigated acreage within MVIC’s service area during the summer and 
winter seasons of CY 2015. For the January through April 2015 portion of the winter season, aerial 
photography from December 2014 was used to calculate the irrigated acreage within MVIC. The July 
2015 imagery was used for the summer 2015 irrigation season (May 1 to September 30). For the 
winter irrigation season (October 1 to December 31), aerial photography from December 2015 was 
used to determine irrigated acreage.

Figure 3-20 illustrates MVIC’s service area and depicts the extent of the 1974 PBU map which is 
composed of three individual maps. Figures 3-21 through Figure 3-23 depicts these PBU maps, 
Figures 3-24 through Figure 3-32 depict the December 2014, July 2015, and December 2015 aerial 
photography overlaid with the field-verified fallowed and irrigated acreage.

Table 3-9 details the irrigated and fallowed acreage by season (on a monthly basis) and crop type as 
measured and field-verified by SNWA. This acreage was verified by MVIC’s General Manager 
during various meetings. Land determined not irrigable due to urbanization was derived by 
subtracting the measured irrigated and fallowed lands from the certificated maximum acreage within 
MVIC’s POU of 2,784.75 acres.  
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Table 3-8
SNWA Controlled MVIC Shares in CY 2015

January February March April May June July August September October November December Total

Water Available to MVIC 
(AF From Table 3-5)         1,810 1,538 1,992 1,396 1,854 1,625 1,513 1,481 1,325 2,162 1,737 1,765 20,198

Acre-Feet Per Share Per Month 

Common (af/share)            0.0897            0.0763 0.0987 0.0692                0                0               0                0                0 0.1072 0.0861 0.0875 0.6146

Preferred (af/share) 0.5582 0.4745 0.6142 0.4304 0.7624 0.6680 0.6220 0.6090 0.5448 0.6667 0.5358 0.5444 7.0302

Owned by SNWA

Common Shares      2,839.1267      2,839.1267      2,839.1267      2,839.1267      2,839.1267      2,839.1267 2,839.1267      2,839.1267      2,839.1267       2,839.1267       2,839.1267       2,839.1267 

Preferred Shares      1,009.0847      1,009.0847      1,009.0847      1,009.0847      1,009.0847      1,009.0847 1,009.0847      1,009.0847      1,009.0847       1,009.0847       1,009.0847       1,009.0847 

Leased Back to Seller

Common Shares         458.9719   458.9719   458.9719   458.9719   458.9719   458.9719   458.9719   458.9719   458.9719 392.7917 392.7917 392.7917

Preferred Shares     210.7917   210.7917  210.7917   210.7917  210.7917   210.7917  210.9717 210.7917 210.7917 197.7917 197.7917 197.7917

Leased by SNWA

Common Shares 351.7500 351.7500 351.7500         351.7500         351.7500         351.7500      351.7500        351.7500         351.7500 351.7500 351.7500 351.7500

Preferred Shares 167.2830 167.2830 167.2830 167.2830 167.2830 167.2830 167.2830 167.2830 167.2830 167.2830 167.2830 167.2830

Controlled = (Owned - Leased Back + Leased)

Common Shares    2,731.9048 2,731.9048 2,731.9048 2,731.9048 2,731.9048 2,731.9048 2,731.9048 2,731.9048 2,731.9048 2,798.0850 2,798.0850 2,798.0850

Preferred Shares      965.5760 965.5760 965.5760 965.5760 965.5760 965.5760 965.5760 965.5760 965.5760 978.5760 978.5760 978.5760

Water Controlled (af) = (Shares Controlled x Acre Foot Per Share)

Common (af)        245.0770 208.3169 269.6767 188.9933                0                    0                   0                    0                    0     299.8224 240.9302 244.8059 1,698

Preferred (af) 538.9597 458.1190 593.0578 415.6235 736.1327 645.0444 600.5819 588.0055 526.0177 652.4248 524.2731 532.7068 6,811

Total (af) 784.0367 666.4359 862.7344 604.6188 736.1327 645.0444 600.5819 588.0055 526.0177 952.2472 765.2033 777.5127 8,509
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Figure 3-20
MVIC Service Area and Extent of PBU Maps and Location 

of the Detailed Photography on Figure 3-1
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Figure 3-21
 Upper Section of the MVIC Service Area Showing 1974 PBU. 

POU Quarter-Quarter Sections Highlighted in Red
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Figure 3-22
Middle Section of the MVIC Service Area Showing 1974 PBU. 

POU Quarter-Quarter Sections Highlighted in Red
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Figure 3-23
 Lower Section of the MVIC Service Area Showing 1974 PBU. 

POU Quarter-Quarter Sections Highlighted in Red
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Figure 3-24
 Upper Section of the MVIC Service Area December 2014 Aerial Photography

December 2014 Irrigated Areas

Muddy River - Moapa Valley N.

20991_X0249_ICS_Moapa_N_Dec_2014  RH

Scale = 1:25000
NAD_1983_StatePlane_Nevada_East_FIPS_2701_Feet
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Figure 3-25
Middle Section of the MVIC Service Area December 2014 Aerial Photography

December 2014 Irrigated Areas

Muddy River - Moapa Valley C.

20992_3220_SW_ICS_Moapa_C_Dec_2014  RH

Scale = 1:25000
NAD_1983_StatePlane_Nevada_East_FIPS_2701_Feet
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Figure 3-26
Lower Section of the MVIC Service Area December 2014 Aerial Photography

December 2014 Irrigated Areas

Muddy River - Moapa Valley S.

20993_X0249_ICS_Moapa_S_Dec_2014  RH

Scale = 1:25000
NAD_1983_StatePlane_Nevada_East_FIPS_2701_Feet
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Lake Mead
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Figure 3-27
Upper Section of the MVIC Service Area July 2015 Aerial Photography

July 2015 Irrigated Areas

Muddy River - Moapa Valley N.

21153_X0249_ICS_Moapa_N_July_2015  RH

Scale = 1:25000
NAD_1983_StatePlane_Nevada_East_FIPS_2701_Feet
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Figure 3-28
Middle Section of the MVIC Service Area July 2015 Aerial Photography 

July 2015 Irrigated Areas

Muddy River - Moapa Valley C.

21154_3220_SW_ICS_Moapa_C_July_2015  RH

Scale = 1:25000
NAD_1983_StatePlane_Nevada_East_FIPS_2701_Feet
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Figure 3-29
Lower Section of the MVIC Service Area July 2015 Aerial Photography

July 2015 Irrigated Areas

Muddy River - Moapa Valley S.

21155_X0249_ICS_Moapa_S_July_2015  RH

Scale = 1:25000
NAD_1983_StatePlane_Nevada_East_FIPS_2701_Feet
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Figure 3-30
Upper Section of the MVIC Service Area December 2015 Aerial Photography

December 2015 Irrigated Areas

Muddy River - Moapa Valley N.

21315_X0249_ICS_Moapa_N_Dec_2015  RH

Scale = 1:25000
NAD_1983_StatePlane_Nevada_East_FIPS_2701_Feet
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Figure 3-31
Middle Section of the MVIC Service Area December 2015 Aerial Photography

December 2015 Irrigated Areas

Muddy River - Moapa Valley C.

21316_3220_SW_ICS_Moapa_C_Dec_2015  RH

Scale = 1:25000
NAD_1983_StatePlane_Nevada_East_FIPS_2701_Feet
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Figure 3-32
Lower Section of the MVIC Service Area December 2015 Aerial Photography

December 2015 Irrigated Areas

Muddy River - Moapa Valley S.

Scale = 1:25000
NAD_1983_StatePlane_Nevada_East_FIPS_2701_Feet

Place of Use Area

Irrigated Areas

Fallowed Areas

Lake Mead
(1220 ft.)
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Table 3-9
Agricultural Land Status within MVIC’s Place of Use.

January February March April May June July August September October November December

MVIC Ag (acres)

Alfalfa          263.96 263.96 263.96 263.96 250.66 250.66 250.66 250.66 250.66 168.70 168.70 168.70

Small Vegetables 3.70 3.70 3.70 3.70 3.63 3.63 3.63 3.63 3.63 3.53 3.53 3.53

Bermuda w/ Rye 317.35 317.35 317.35 317.35 224.93 224.93 224.93 224.93 224.93 2.46 2.46 2.46

Orchard 28.83 28.83 28.83 28.83 28.59 28.59 28.59 28.59 28.59 28.62 28.62 28.62

Sudan               3.06               3.06               3.06              3.06                3.06                3.06                3.06                3.06                3.06              -              -             - 

Total Ag        616.90 616.90 616.90 616.90 510.87 510.87 510.87 510.87 510.87 203.32 203.32 203.32

Not Irrigated       
(Total POU - Total Ag)

2,167.85     2,167.85      2,167.85    2,167.85   2,273.88    2,273.88 2,273.88    2,273.88    2,273.88    2,581.43     2,581.43     2,581.43

Total POU      2,784.75      2,784.75      2,784.75    2,784.75    2,784.75    2,784.75    2,784.75    2,784.75    2,784.75    2,784.75    2,784.75    2,784.75 
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4.0 VERIFICATION OF ICS WATER REACHING LAKE MEAD

Since the entire flow of the Muddy River is decreed, it is necessary to perform a water balance on the 
Lower Muddy River to verify that the water which SNWA is claiming as Tributary Conservation ICS 
credits is reaching Lake Mead (Figure 4-1). This water balance is outlined in Exhibit A of the 
Forbearance Agreement and approved 2015 ICS Plan as follows:         

Flows measured by USGS at the Glendale gage 
- (minus) consumptive uses by agriculture below the Glendale gage 
- (minus) direct uses by industry below the Glendale gage
- (minus) channel evapotranspiration below Glendale gage to Lake Mead
- (minus) evapotranspiration from the managed acreage on the Overton Wildlife Management 

  Area (OWMA)                                                                                                                    
= Total Flow to Lake Mead (Elevation 1,220 above mean sea level)

This comprehensive water balance uses the Glendale gage as the input, which was also used to 
calculate the af/share associated with MVIC shares. To account for consumptive uses in the riparian 
corridor and agricultural areas, detailed GIS coverages delineating the active fields and mapped 
riparian corridors, combined with Lower Colorado River Accounting System (LCRAS) data were 
used to derive consumptive uses by crops and plants supplied by the Muddy River. Other 
consumptive uses by industry and open water evaporation were also calculated. Uses of Muddy River 
water by the Nevada Division of Wildlife’s Overton Wildlife Management Area (OWMA) are 
deducted from the total flows to Lake Mead. A final comparison is then made to ensure that the 
conserved Muddy River water reaching Lake Mead exceeds or is equal to SNWA’s controlled Muddy 
River water rights.

The CY2015 water balance is presented in Table 4-1. A more detailed seasonal calculation of the 
water balance is presented in Table 4-2. The following sub-sections describe each component of the 
water balance. Reference to these components are provided in the corresponding row in Table 4-2.

QLM = QG - CUAG - CUIND - CUCHN - CUOWM (Eq. 4-1)

Where:

QLM = Flow to Lake Mead (ac-ft)

QG = Flow measured at Glendale Gage (Less Flood Flows) (ac-ft)

CUAG = Consumptive Use by Agriculture (ac-ft)

SE ROA 46413
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Figure 4-1
Map of Lower Muddy River Riparian Area, Open Water, and the OWMA
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CUIND= Consumptive Use by Industry (ac-ft)

CUCHN= ET along the Muddy River channel from the Glendale Gage to Lake Mead (ac-ft)

CUOWM= ET within the Overton Wildlife Management Area (ac-ft) 

4.1 Glendale Gage Flows (QG)

As previously discussed in Section 3.3.3, the water available for use by MVIC equals the Glendale 
gage flows minus: 1) flood flows; 2) consumptive uses by phreatophytes in the riparian corridor 
between the Glendale gage and Wells Siding; and 3) Upper Muddy River rights owned or leased by 
SNWA. This “divertible flow” is used as the inflow component of the water balance verification.     

The Glendale gage, for the purposes of calculating Tributary Conservation ICS credits, is believed to 
capture all surface water flows entering the lower reach of the Muddy River. The gage is located in a 
narrow cut of carbonate rocks commonly referred to as “the narrows.” Downstream of the narrows, 
the river enters the lower reach of the Muddy River and the floodplain begins to widen, until reaching 
Wells Siding. The Muddy River, downstream of Wells Siding, is an incised narrow channel that has 
artificially been constrained to facilitate farming on the river’s historic floodplain and act a flood 
channel.  

4.2 Consumptive Use by Agriculture (CUAG) and by Natural Vegetation ET (CUCHN)

4.2.1 Bureau of Reclamation Evapotranspiration Data

To calculate consumptive uses by agriculture (CUAG) and phreatophytes (CUCHN) on the Muddy 
River, a literature search for ET data with a long period-of-record and monthly time-step data was 
performed. The Bureau of Reclamation's Lower Colorado River Accounting System 
Evapotranspiration and Evaporation Calculations reports for calendar years 1995-2007 (Bureau of 

Table 4-1
CY 2015 Water Balance (af)

QG Flows measured by USGS at the Glendale gage (Less Flood Flows)        31,310 

CUAG consumptive uses by agriculture below the Glendale gage        (1,185)

CUIND direct uses by industry below the Glendale gage          (1,695)

CUCHN channel evapotranspiration below Glendale gage to Lake Mead (including Bowman Res. Evap)          (2,718)

CUOWM evapotranspiration from the managed acreage on the Overton Wildlife Management Area (OWMA)             (854) 

QLM   = Total Flow to Lake Mead (Elevation 1,220 AMSL)      24,858

Total Muddy River Water Rights Controlled by SNWA       18,472

 = Are Total Flows to Lake Mead greater than SNWA Water Rights                                       ------------->        YES

a CUAG  presented in this table differs from the CUAG  value in Table 4-2 due to changes in Bowman Reservoir storage being factored into the value in this table 
for the purposes of having the rows in this table conform to the Exhibit A of the Forbearance Agreement.

SE ROA 46415
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Table 4-2
2015 Muddy River Intentionally Created Surplus Water Balance Sheet 

(all units in acre-feet)
Winter      

(Jan - Apr)
Summer 

(May - Sep)
Winter 

(Oct - Dec) Total
Row 

Reference

Total Inflows to
 Lower Muddy River

Muddy River at Glendale Gage (QG)        10,620.00     12,100.00 8,590.00   31,310 A

Phreatophyte Consumptive Use to Wells Siding a           151.83         866.46         130.89        1,149 B

Controlled Upper Muddy River Water Rights       3,732.29      3,436.18 2,794.73    9,963 C

Acre-feet per Share Basis (Divertible Flows)        6,735.89      7,797.36 5,664.38           20,198 D=A-B-C

Consumptive Uses 
Above OWMA

Simplot (CUIND)           607.01 632.48 455.26 1,694.74 E

MVIC Crop Use (CUAG) 806.96 1,628.17 173.64 2,608.76 F

Bowman Reservoir Evaporation a 264.70 391.99 121.32 778.01 G

Phreatophyte Consumptive Use a 123.58 581.44 86.11 791.13 H

MVIC Consumptive Uses above Lewis Ave 1,802.24 3,234.08 836.32 5,873 I=E+F+G+H

Bowman Reservoir 
Operations

Coyote Springs Imported ICS 0 0 0 0 J

Net Muddy River Water In or (Out) of Bowman 262.73 (1,352.33) (334.18)            (1,424) K

Measured Change in Bowman Reservoir Storage 262.73 (1,352.33) (334.18)           (1,424) L=J+K

Flows Above 
OWMA Total Calculated Flows above OWMA       8,403.20 9,351.80 7,956.98 25,712 M=A-B-I+J-L

Overton Wildlife 
Management Area 

Water Use OWMA Consumptive Use (CUOWM) 326.30 322.52 204.86 854 P

Total Flows to Lake Mead (QLM) 8,076.90 9,029.28 7,752.12 24,858 Q=M-P

SNWA Water Rights

Controlled Upper Muddy River Water Rights 3,732.29 3,436.18 2,794.73 9,963 C

MVIC Rights 2,917.82 3,095.78 2,494.96 8,509 S

Muddy River Water Rights Controlled by SNWA 6,650.11 6,531.96 5,289.69 18,472 T=R+S

Coyote Spring Imported ICS (Not conducted in 2015)        0 0 0 0 U

Total Muddy River and Coyote Spring Water Rights Controlled by SNWA 6,650.11 6,531.96 5,289.69 18,472 V=T+U

Flow Check
Difference Between total Flows to Lake Mead and SNWA Water Rights 1,426.79 2,497.32 2,462.42 6,387 W=Q-V

Is conservation > than SNWA rights ? Yes  Yes  Yes  Yes Q > V

   Due to rounding, numbers presented throughout this table may not add up precisely to the totals provided and may not precisely reflect the absolute figures.
a CUCHN is the sum of Row References: B + G + H
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Reclamation, 2007) were evaluated and found to contain monthly data for a similar climate. 
Therefore, data from the LCRAS reports were selected for use in this analysis. 

The LCRAS Reports document estimates of ET and Evaporation annually for the purpose of 
determining consumptive water use along the Lower Colorado River. The values are determined by 
collecting data from meteorological towers, determining potential ET, and applying various crop 
coefficients to the ET values.

The portion of the LCRAS ET data chosen for use in this analysis utilize data collected from two 
Arizona Meteorological Network (AZMET) stations located in the Mohave Valley in Arizona, which 
are used to calculate local phreatophyte and crop ET (Figure 4-2). This is the most northern area 
currently used by Reclamation and most closely represents climatic conditions of the Lower Muddy 
River. The Mohave Valley is, however, at a lower elevation and experiences higher temperatures than 
the Lower Muddy River, resulting in higher ET values. This makes the Mohave Valley ET values 
conservative, overestimating the actual ET demand in the Lower Muddy River.   

4.2.2 Application of LCRAS to the Lower Muddy River

Phreatophyte vegetation on the Lower Muddy River was mapped and classified using the 
Anderson-Ohmart classification system (Anderson, 1984). LCRAS uses a classification system that 
slightly differs from the Anderson-Ohmart system. To apply ET rates from LCRAS to the Lower 
Muddy River, the two vegetation classification systems were correlated. Table 4-3 lists the 
SNWA-derived correlation between the two classification systems.         

The LCRAS “Sc-low” phreatophyte classification was used for all of the salt-cedar classifications in 
the Anderson-Omart classification and is supported by a USGS Scientific Investigations Report 
2008-5116 titled 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 (Demeo, 2008). The purpose of the report was to estimate groundwater and 
surface-water ET from 12 hydrographic basins via ET. For the study the USGS placed ET 
measurement sites in various locations in Utah, Arizona, and Nevada including the Upper Muddy and 
Lower Virgin Rivers. The Virgin River ET station was placed in a “dense woodland vegetation” area 
which was predominantly salt cedar. The Virgin River site measured an annual ET rate of 3.9 ft/yr 
without subtracting precipitation. This rate is less than the LCRAS Sc-low value of 4.39 ft/yr using 
LCRAS Mohave Valley data. The USGS Muddy River ET site was located in a stand of mesquite 
trees, in the Upper Muddy River. The USGS value of 3.6 ft/yr (without subtracting precipitation) is 
more than 1 ft less than the LCRAS “Ms-high” value of 5.0 ft/yr.    

The USGS study demonstrates that by correlating the LCRAS Sc-low and Ms-high classifications to 
salt cedar and mesquite on the Lower Muddy River, a conservative estimate of ET can be determined. 
These variations in ET rates demonstrate the challenges of trying to estimate ET over large areas, as 
ET can only be physically measured at a single point. Conditions such as soil type, depth to 
groundwater, and computational method used can all affect ET rates greatly. Comparison of the 
LCRAS rates used by SNWA (Sc-low) in the water balance (in this analysis) to the measurements 
performed by the USGS show that using the LCRAS rates tends to slightly overestimate ET along the 
Lower Muddy River based these recent reports.
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Figure 4-2
Mohave Valley AZMET ET Stations
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The equation used in this analysis for calculating ET by phreatophytes is:

CUCHN = AR x ETLCRAS (Eq. 4-2)

Where:

CUCHN = Consumptive use along MR Channel from Glendale Gage to Lake Mead (ac-ft)

AR= Area of Riparian Zone Specific to Each Vegetation Type (acres) 

ETLCRAS= Mohave Valley ET Rate Specific to Each Vegetation Type (ft)

The agricultural crop types in LCRAS were directly correlated with crop types on the Muddy River. 
Water use by crop type in LCRAS is adjusted for precipitation by using an effective precipitation 
coefficient. To more accurately represent conditions on the Lower Muddy River, provisional 
precipitation data recorded for CY 2015 by the Overton Nevada Community Environmental 
Monitoring Program (CEMP) Weather Station (http://www.cemp.dri.edu/) was used for calculating 
the effective precipitation used to derive crop consumptive uses. The equation for calculating Crop 
ET is listed below. The crop rates adjusted by the Overton Nevada CEMP precipitation data are listed 
in Table 4-4.

Table 4-3
Anderson Ohmart Mapped Class

Anderson Ohmart 
Mapped Class

Correlating 
LCRAS Class Acres

A Low Veg 15.53

AW AW 7.85

Acacia Ms-high 0.00

Baccharis Low Veg 1.37

C CW 0.13

CW CW 6.60

HM Ms-high 4.26

I Ms-high 2.03

L Ms-high 0.83

MA Marsh 20.00

RIV Open Water 2.11

SC Sc-low 97.73

SM Sc/ms 8.94

SE ROA 46419
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CUAG= AC x (ETLCRAS– PEFF) (Eq. 4-3)

Where:

CUAG = MVIC Crop Use (af)

AC= Area of Crops Specific to Each Vegetation Type (acres)

ETLCRAS= Mohave Valley ET Rate Specific to Each Vegetation Type (feet)

PEFF= Effective Precipitation (feet)

4.2.2.1 MVIC Crop Use

Tables 4-4 through Table 4-6 in this section detail the calculations performed to estimate the amount 
of consumptive uses by crops, phreatophytes, and open water. The Mohave Valley monthly ET rates 
for the crops and phreatophytes are adjusted to local precipitation measured at the Overton Nevada 
CEMP station.   

The measured acreages of each vegetation type and open water are listed in Table 4-5. Vegetation 
mapping of the Muddy River riparian corridor was performed in 2006. In 2010, the survey data were 
updated to reflect removal of vegetation due to the construction of a bridge crossing the Muddy River. 
Given the incised nature of the channel, the total vegetated acreage along the riparian corridor has 
remained the same and is anticipated to remain the same into the future. The phreatophyte acreages 
were mapped in the field by biologists and verified using the high resolution 6-in aerial photography. 
The estimated acreage for the phreatophytes and crops are listed in Table 4-5. The final consumptive 
use calculations for the phreatophytes and crops are provided monthly in Table 4-6 and these results 
are then shown seasonally on Rows B, F, and H of Table 4-2. 

Vegetation acreage mapped for OWMA is also listed in Table 4-5. OWMA is the downstream extent 
of MVIC’s service area and is located immediately above the full-pool elevation of Lake Mead. 
Water use by OWMA is described in the subsequent sections of this report.   

4.2.2.2 Ongoing Evaluation of ET by Natural Vegetation

To improve the accuracy of future ET consumptive use calculations along the Lower Muddy River, 
SNWA has installed a meteorological (MET) tower adjacent to an alfalfa field in the Lower Muddy 
River. With the cooperation of the Moapa Valley High School Future Farmers of America Farm, 
SNWA was able to place the MET tower in an area representing the ideal fetch and agricultural 
conditions for measuring the meteorological parameters necessary to calculate reference ET using the 
ASCE Standardized Reference ET Equation –a similar method used by The Arizona Meteorological 
Network (AZMET) and California Irrigation Management Information System for the LCRAS 
program.            
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Table 4-4
Mohave Valley ET Rates (ft)

Average 1995 - 2007

January February March April May June July August September October November December Total

Crops:

Alfalfa Perennial 0.20 0.31 0.41 0.56 0.68 0.73 0.69 0.66 0.56 0.38 0.24 0.25 5.69

Alfalfa-Annual 0.14 0.26 0.33 0.39 0.65 0.50 0.57 0.29 0.23 0.23 0.12 0.19 3.92

Small Grain 0.24 0.36 0.57 0.68 0.27 0.00 0.00 0.00 0.00 0.00 0.01 0.09 2.24

Orchard 0.13 0.16 0.27 0.45 0.66 0.70 0.67 0.64 0.51 0.36 0.24 0.16 4.97

Melons (Fall) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.32 0.41 0.30 0.16 1.29

Small Vegetables 0.28 0.33 0.42 0.15 0.00 0.00 0.00 0.00 0.08 0.14 0.19 0.23 1.84

Bermuda Grass w/ Rye 0.25 0.29 0.36 0.28 0.64 0.69 0.66 0.62 0.48 0.20 0.25 0.22 4.96

Sudan 0.00 0.00 0.13 0.43 0.83 0.97 0.89 0.35 0.03 0.00 0.00 0.00 3.63

Moist Soil Unit 0.56 0.79 0.23 0.36 0.31 0.84 0.26 0.46 0.43 0.26 0.44 0.39 5.35

Phreatophytes:

AW 0.08 0.10 0.20 0.41 0.69 0.80 0.76 0.68 0.51 0.31 0.12 0.07 4.73

CW 0.08 0.10 0.21 0.44 0.74 0.84 0.79 0.71 0.53 0.33 0.13 0.07 4.97

Low Veg 0.09 0.10 0.20 0.37 0.61 0.67 0.67 0.59 0.50 0.32 0.14 0.07 4.33

Marsh 0.07 0.08 0.37 0.74 0.92 0.96 0.91 0.82 0.67 0.27 0.07 0.06 5.94

Ms-High 0.08 0.10 0.21 0.43 0.71 0.82 0.77 0.70 0.57 0.38 0.16 0.07 5.00

Sc-ms 0.08 0.10 0.20 0.46 0.81 0.95 0.89 0.80 0.61 0.36 0.14 0.07 5.47

Sc-Low 0.07 0.08 0.14 0.29 0.61 0.77 0.73 0.66 0.54 0.33 0.12 0.05 4.39

Open Water Evaporationa 0.30 0.40 0.60 0.60 0.80 0.80 0.80 0.70 0.80 0.70 0.60 0.40 7.50

Precipitationb 0.04 0.05 0.03 0.02 0.00 0.00 0.01 0.09 0.01 0.08 0.01 0.01 0.35

aWestenberg et al. (2006)
bOverton Nevada Community Environmental Monitoring Program (CEMP) Weather Station (CY 2015) (http://www.cemp.dri.edu/)
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Table 4-5
Acreages of Agriculture, Phreatophytes, and Open Water in the Lower Muddy River 

January February March April May June July August September October November December

Bowman Reservoir 154.62 163.62 154.62 135.32 112.58 108.82 105.04 98.20 90.86 80.05 71.87 76.36

Riparian:

Sc_Low above Wells Siding 261.77 261.77 261.77 261.77 261.77 261.77 261.77 261.77 261.77 261.77 261.77 261.77

AW 7.85 7.85 7.85 7.85 7.85 7.85 7.85 7.85 7.85 7.85 7.85 7.85

CW 6.73 6.73 6.73 6.73 6.73 6.73 6.73 6.73 6.73 6.73 6.73 6.73

Ms-High 7.11 7.11 7.11 7.11 7.11 7.11 7.11 7.11 7.11 7.11 7.11 7.11

Low Veg 16.90 16.90 16.90 16.90 16.90 16.90 16.90 16.90 16.90 16.90 16.90 16.90

Marsh 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00

Sc-Low 97.73 97.73 97.73 97.73 97.73 97.73 97.73 97.73 97.73 97.73 97.73 97.73

Sc/ms 8.94 8.94 8.94 8.94 8.94 8.94 8.94 8.94 8.94 8.94 8.94 8.94

Open Water 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11 2.11

Subtotal Below Wells Siding 167.37 167.37 167.37 167.37 167.37 167.37 167.37 167.37 167.37 167.37 167.37 167.37

Total 429.14 429.14 429.14 429.14 429.14 429.14 429.14 429.14 429.14 429.14 429.14 429.14

MVIC Ag:

Alfalfa 263.96 263.96 263.96 263.96 250.66 250.66 250.66 250.66 250.66 168.70 168.70 168.70

Small Vegetables 3.70 3.70 3.70 3.70 3.63 3.63 3.63 3.63 3.63 3.53 3.53 3.53

Bermuda w/ Rye 317.35 317.35 317.35 317.35 224.93 224.93 224.93 224.93 224.93 2.46 2.46 2.46

Orchard 28.83 28.83 28.83 28.83 28.59 28.59 28.59 28.59 28.59 28.62 28.62 28.62

Melons (Fall) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Small Grain 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sudan 3.06 3.06 3.06 3.06 3.06 3.06 3.06 3.06 3.06 0 0 0

Total 616.90 616.90 616.90 616.90 510.87 510.87 510.87 510.87 510.87 203.32 203.32 203.32

OWMA:

Alfalfa 33.39 33.39 33.39 33.39 31.41 31.41 31.41 31.41 31.41 0.00 0.00 0.00

Bermuda w/Rye 10.67 10.67 10.67 10.67 31.50 31.50 31.50 31.50 31.50 12.74 12.74 12.74

Moist Soil Unit 155.16 155.16 155.16 155.16 0.00 0.00 0.00 0.00 0.00 155.16 155.16 155.16

Sudan 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Open Water 31.88 31.88 31.88 31.88 31.88 31.88 31.88 31.88 31.88 31.88 31.88 31.88

Total 231.10 231.10 231.10 231.10 94.79 94.79 94.79 94.79 94.79 199.78 199.78 199.78
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Table 4-6
Total ET in Acre Feet (2015) 

January February March April May June July August September October November December Total

Bowman Reservoir 39.82 58.08 87.75 79.05 89.69 87.06 83.34 59.90 72.00 49.63 42.16 29.53 778

Riparian:

Sc_Low above Wells Siding 18.32 20.94 36.65 75.91 159.68 201.56 191.09 172.77 141.36 86.38 31.41 13.09 1,149
AW 0.63 0.78 1.57 3.22 5.42 6.28 5.96 5.34 4.00 2.43 0.94 0.55 37
CW 0.54 0.67 1.41 2.96 4.98 5.65 5.32 4.78 3.57 2.22 0.87 0.47 33
Ms-High 0.57 0.71 1.49 3.06 5.05 5.83 5.48 4.98 4.05 2.70 1.14 0.50 36
Low Veg 1.52 1.69 3.38 6.25 10.31 11.33 11.33 9.97 8.45 5.41 2.37 1.18 73
Marsh 1.40 1.60 7.40 14.80 18.40 19.20 18.20 16.40 13.40 5.40 1.40 1.20 119
Sc-Low 6.84 7.82 13.68 28.34 59.62 75.25 71.34 64.5 52.77 32.25 11.73 4.89 429
Sc/ms 0.71 0.89 1.79 4.11 7.24 8.49 7.95 7.15 5.45 3.22 1.25 0.63 49
Open Water 0.54 0.75 1.20 1.23 1.68 1.69 1.67 1.29 1.67 1.31 1.24 0.81 15
Subtotal Below Wells Siding 13.00 15.00 32.00 64.00 113.00 134.00 127.00 114.00 93.00 55.00 21.00 10.00 791
Total 31 36 69 140 272 335 318 287 235 141 52 23 1,940

MVIC Ag:

Alfalfa 53.58 82.36 109.15 147.82 170.45 182.99 172.96 165.44 140.37 63.77 41.27 42.96 1,373

Small Vegetables 1.05 1.23 1.57 0.55              - -              -              - 0.29 0.49 0.69 0.83 7
Bermuda w/ Rye 80.29 92.67 115.36 88.86 143.96 155.20 148.45 139.46 107.97 0.49 0.63 0.55 1,074
Orchard 3.83 4.67 7.88 12.97 18.87 20.01 19.15 18.29 14.58 10.25 7.00 4.71 142
Melons (Fall)         - - - - - - - - - - - - -
Sm Grain     - - - - - - - - - - - - -
Sudan 0.41 0.50 0.84 1.38 2.02 2.14 20.5 1.96 1.56 - - - 13
Total 139.16 181 235 252 335 360 343 325 265 75 50 49 2,609

OWMA:

Alfalfa 6.78 10.42 13.81 18.70 21.36 22.93 21.67 20.73 17.59 - - - 154
Bermuda w/Rye 2.70 3.12 3.88 2.99 20.16 21.73 20.79 19.53 15.12 2.52 3.24 2.86 119
Moist Soil Unit 45.46 53.06 56.04 52.75 - - - - - 64.86 44.17 36.41 353
Sudan - - - - - - - - - - - - -
Open Water 8.21 11.32 18.09 18.62 25.40 25.50 25.29 19.45 25.26 19.77 18.70 12.33 228
Total 63 78 92 93 67 70 68 60 58 87 66 52 854
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In addition to SNWA’s data collection efforts, in 2010 the NDWR published a report titled 
Evapotranspiration and Net Irrigation Requirements for Nevada (Huntington, 2010). The report and 
ET database can be found on the NDWR website (http://water.nv.gov/mapping/et/et_general.cfm). 
Since there are few MET stations collecting ET data under ideal conditions, data from National 
Weather Service Cooperative Observer Program weather stations were used to approximate reference 
ET. The NDWR report also modified standard crop curves to the climate and agricultural practices of 
Nevada. Using the NDWR database (http://water.nv.gov/mapping/et/et_general.cfm), the calculated 
alfalfa ET for the Lower Moapa Valley is 4.9 ft per year. This value is lower than the Mohave Valley 
value of 5.7 ft. These lower values are to be expected as the Muddy River is at a higher elevation and 
latitude than Mohave Valley, Arizona. SNWA will continue collecting MET data and may use the 
data collected from the Moapa Valley High School MET tower, possibly with the modified crop 
curves from the NDWR report in future ICS Certification Reports.

4.2.3 Open Water Evaporation (CUCHN)

Open water bodies on the Lower Muddy River include Bowman Reservoir, the Muddy River channel, 
and a few small ponds on the OWMA. Bowman Reservoir is used by MVIC to augment irrigation 
flows during the summer irrigation season. The reservoir is also where SNWA’s Coyote Spring 
Valley Imported ICS is delivered. Traditionally the 3,000 to 4,000 af capacity reservoir is filled in the 
winter months from the Muddy River via gravity flow and then a pump to reach higher storage 
volumes. The reservoir storage is then used to augment the summer irrigation water supply for the 
summer season. 

The open-water evaporation rate used for Bowman Reservoir, the Muddy River channel, and 
the ponds on the OWMA was 7.50 ft/yr. This value is the open-water evaporation rate determined and 
published by the USGS for Lake Mead. The monthly average evaporation data was published in the 
USGS SIR 2006-5252 titled Evaporation from Lake Mead, Arizona, and Nevada, 1997-99
(Westenberg, 2006). The average monthly evaporation data from the report is listed in Table 4-4. The 
surface area of Bowman Reservoir and other open water on the Lower Muddy River is listed in 
Table 4-5, and the total evaporative loss is listed in Table 4-6 and in Row G of Table 4-2. Changes in 
storage in Bowman Reservoir along with inflows from SNWA’s Imported ICS project are shown in 
Rows J and K of Table 4-2. Monthly water-level elevations in Bowman Reservoir were manually 
recorded by MVIC personnel utilizing a surveyed stage-measurement gage located on the side of the 
reservoir.  A stage-capacity curve was created by SNWA using high-resolution LiDAR data collected 
when the reservoir was empty. The LiDAR data enables MVIC and SNWA to obtain a very accurate 
reservoir storage volume at any given reservoir elevation. Month-to-month Bowman Reservoir 
volumes were used to calculate changes in storage in the reservoir which translated to inflows and 
outflows of the reservoir.

4.3 Industrial Consumptive Use (CUIND)

A portion of MVIC’s shares have been purchased and leased by Simplot, a sand and minerals 
operation in Overton, Nevada, which is using the water represented by shares they control for 
slurrying and washing sand for glass production. The water is 100% consumptively used, so the water 
represented by the shares controlled by Simplot is subtracted in its entirety from the water balance.
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As of 2015, Simplot controlled up to 215.92 preferred and 287.67 common shares (personal 
communication with MVIC Staff, March 2016). Using the acre-foot per share values of 7.0302 
af/share preferred and 0.5859 af/share common, Simplot consumptively used 1,695 af of MVIC water 
in CY 2015. While the water delivered to Simplot is not directly measured, they are located at the end 
of the ditch and are subject to all upstream users diverting their rights. Even SNWA’s rights are taken 
on turn and returned to the natural channel above Simplot. Therefore, calculating their use at 100% of 
their controlled shares ensures a conservative estimate for their annual use. The monthly breakdown 
of Simplot’s consumptive use is shown in Row E of the Water Budget (Table 4-2).

4.4 Overton Wildlife Management Area (CUOWM)

The OWMA is located just above the Muddy River’s confluence with Lake Mead. OWMA is 
managed for migrating birds, hunting, and most recently, a refugia for Razorback suckers in a small 
impoundment called Honey Bee Pond. The managed part of the facility, located above Lake Mead, is 
about 280 acres in size and consists of Honey Bee Pond, a couple other small impoundments, and a 
series of seasonal wetlands that are flooded in the winter for migrating waterfowl, along with several 
fields of Alfalfa, Sudan grass, and Bermuda grass for bird habitat and minor farming.

The OWMA receives most of its water directly from the Muddy River and is permitted to do so under 
tail-water permits. In addition to the tail-water rights, OWMA owns shares in MVIC. As of CY 2014, 
OWMA owned 407 afy of MVIC rights represented by 51.25 preferred and 80.50 common shares 
(personal communication with MVIC Staff, March 2016). MVIC water delivered to OWMA is 
diverted at Wells Siding and travels via ditch to OWMA.

The managed area of OWMA above Lake Mead uses approximately 854 afy (Table 4-6), in addition 
to the 407 afy from MVIC shares, (Row P of Table 4-2) based on the type of vegetation/management 
practices for OWMA lands above Lake Mead. Aerial photography and interviews with OWMA 
management were used to determine the appropriate LCRAS Vegetation ET rates to apply to the 
managed areas.

4.5 Flows Entering Lake Mead (QLM)  

After the OWMA consumptive uses from the Muddy River are subtracted from the total flows 
calculated above the OWMA, the total surface-water to Lake Mead can be derived (Row Q of 
Table 4-2). As outlined in Table 4-2, 18,472 af of Muddy River water entered Lake Mead in CY 2015 
to be used for the creation of Tributary Conservation ICS or be left in Lake Mead under the Pilot 
Program. 
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5.0 SNWA TRIBUTARY CONSERVATION ICS AND PILOT 
PROGRAM WATER

The total volume of Muddy River water for which SNWA created Tributary Conservation ICS and 
Pilot Program Water was 18,472 af in CY 2015 using SNWA-owned and leased pre-BCPA Muddy 
River water rights. This total does not include any overrun payback or the one-time deduction of 5% for 
the benefit of additional system storage in Lake Mead. The method of creation was consistent with the 
approved, amended CY 2015 ICS Plan, Forbearance Agreement, and Guidelines.

The total volume of Virgin River water for which SNWA created Tributary Conservation ICS and 
Pilot Program Water was 14,175 af in CY 2015, as described in the CY 2015 Virgin River 
Tributary Conservation ICS Certification Report. The combined volume from the Muddy and Virgin 
rivers conveyed to Lake Mead as Tributary Conservation ICS and Pilot Program Water was 
32,647 af. Of this total volume, 7,500 af was conveyed to Lake Mead as Pilot Program water and 
25,147 af was conveyed to Lake Mead as Tributary Conservation ICS.

In CY 2015, SNWA did not deliver any Coyote Spring Valley Imported ICS to the Lower Muddy 
River for conveyance to Lake Mead. 

. 
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EXECUTIVE SUMMARY 

• Stable isotope mass-balance models were developed to evaluate water budgets and 
interbasin flow for the White River and Meadow Valley Wash regional groundwater 
flow systems (WRFS and MVWFS, respectively). Water budgets for the regional 
flow systems are a compilation of recharge and predevelopment evapotranspiration 
(ET) estimates developed for each valley. Interbasin flow out of a valley is the 
amount of recharge to a valley plus any groundwater inflow to a valley that exceeds 
groundwater removed by ET. Three water budgets were evaluated using two different 
models. The three water budgets that were evaluated are the SNWA (2007), 
SNWA/BARCAS (SNWA, 2007; Welch and Bright, 2007), and Reconnaissance 
Report Series water budgets. Interbasin flow routing is based on geologic and 
hydrologic information (SNWA, 2007) for the SNWA (2007) and SNWA/BARCAS 
water budget evaluations and is from Eakin (1966) for the WRFS for the 
Reconnaissance Report Series water budget evaluations. 

• Two isotope mass-balance models were used to evaluate the three water budgets. In 
the first model, groundwater ET is satisfied by a mixture of local recharge with 
interbasin flow entering a valley (if there is any interbasin flow entering the valley). 
In the second model, groundwater ET is initially satisfied by local recharge and if ET 
in a valley exceeds local recharge, the remainder of the ET is satisfied by interbasin 
flow. The isotopic mass-balance models use average deuterium and oxygen-18 values 
for recharge and discharge areas to evaluate how closely recharge and ET estimates in 
the WRFS and MVWFS match measured isotopic values for regional warm (>20 oC) 
spring discharge areas, small (< 50 afy) warm springs, and consolidated rock and 
alluvial wells with warm water.  

• Both isotope mass-balance models using the SNWA (2007) water budget and 
interbasin flow routing have calculated deuterium and oxygen-18 values for all 
regional warm (>20 oC) spring areas that are excellent to acceptable matches with 
measured values, except for oxygen-18 for one model that was 0.01 permil outside 
the acceptable range. Furthermore, the mass-balance models have excellent to 
acceptable matches for calculated values as compared to measured values for all 
small warm springs and most wells with warm water. Thus, the SNWA (2007) water 
budget and interbasin flow routing for the WRFS and the MVWFS produce the best 
isotope mass-balance model results of the three water budgets evaluated and the 
model results show the water budget is reasonable for these flow systems. The mass-
balance models using the SNWA/BARCAS water budget gave similar, but not quite 
as good, results as the SNWA water budget (two calculated deuterium values, not in 
the acceptable range for matching measured values of regional warm springs).  

• Neither of the stable isotope mass-balance models using the Reconnaissance Report 
Series water budget for the WRFS and the MVWFS and Eakin (1966) interbasin flow 
routing for the WRFS produced realistic results. Thus, the Reconnaissance Report 
Series recharge and ET estimates are not in balance for the WRFS and MWVFS. 

• Isotopic variability for six recharge area monitoring springs within the study area was 
relatively small with standard deviations of deuterium and oxygen-18 data ranging 
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from 0.7 to 1.6 permil and 0.06 to 0.33 permil, respectively. This range in standard 
deviation for these six sites is for samples taken quarterly throughout all four seasons 
with four of the six sites having more than three years of data. The isotopic 
composition of these springs varied little from season to season as spring flow varied 
a lot, ranging from about 100 to 2,500 gallons per minute during sample collection, 
and exceeding 5,000 gallons per minute at peak flow, at the largest discharging 
monitoring spring. This small amount of isotopic variability of recharge area springs 
is important for isotopic mass-balance models because this information indicates that 
the isotopic composition of recharge area groundwater varies little over time. 

• Isotopic variability of 12 regional warm springs in the study area was relatively small 
with the standard deviation of deuterium and oxygen-18 data ranging from 0.5 to 
1.9 permil for deuterium and 0.05 to 0.22 (except for one site with a standard 
deviation of 0.67) permil for oxygen-18. This range in values is for samples taken 
throughout all four seasons, with some regional warm spring data spanning almost 40 
years and a significant number of springs having data that span 20 to 25 years. This 
lack of isotopic variability of regional warm springs is important for isotopic mass-
balance models because this information indicates that the isotopic composition of 
regional groundwater varies little over time. 

• Five recharge areas throughout the study area with 14, or more, springs showed that 
there was no relationship between stable isotope values and increasing altitude. This 
is important because the average isotopic composition of all sites in a recharge area 
could be used to assign average isotopic values to recharge areas, rather than having 
to use an altitude-precipitation weighting approach.  

• Sensitivity analysis was performed on the SNWA (2007) water budget and flow 
routing mass-balance models by independently increasing or decreasing recharge and 
ET. The sensitivity analysis showed that when either recharge or ET were increased 
or decreased by 20 percent, most of the mass-balance model-calculated deuterium and 
oxygen-18 values were outside the range of acceptable matches for measured values 
of the Muddy River Springs discharge area. Thus, the SNWA (2007) water budget 
recharge and ET values balance such that a 20 percent change in either produces 
unacceptable isotopic mass-balance model results. 
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INTRODUCTION 
A stable isotope mass-balance model was developed in 2001 to evaluate new 

groundwater recharge and discharge (predevelopment evapotranspiration [ET])estimates for 
the White River and Meadow Valley Wash regional groundwater flow systems that drain to 
the Colorado River (Thomas et al., 2001). This report is an update of the Thomas et al. 
(2001) study to evaluate water budgets and regional groundwater flow in eastern and 
southeastern Nevada. This study includes a significant amount of new data (about 450 new 
analyses) to help define the isotopic content of groundwater recharge areas both spatially and 
temporally, new recharge and discharge estimates (SNWA, 2007; Welch and Bright; 2007), 
and new geologic and hydrologic information (SNWA, 2007) that helps define interbasin 
groundwater flow routing. The 2001 study only presented one model for new recharge and 
discharge estimates. The 2001 model assumed that groundwater discharge in a valley was a 
mixture of local recharge and interbasin flow(s) entering a valley (if there was interbasin 
flow to the valley). This study presents two models. The first model is like the 2001 model, 
where ET is satisfied by a mixture of local recharge and interbasin flow. The second model 
assumes that ET is first satisfied by local recharge and if ET in a valley is greater than the 
local recharge, the remainder of the ET is satisfied by interbasin flow. This study also 
evaluated the reconnaissance report series recharge and ET estimates using the Eakin (1966) 
interbasin groundwater flow directions for the White River flow system (WRFS) for both 
models. 

This study evaluates the same regional groundwater flow systems as the 2001 study, 
the WRFS and the Meadow Valley Wash flow system (MVWFS) that end at the Colorado 
River. In this study, the Lake Mead flow system of the 2001 study is included as part of the 
WRFS. The flow directions for the Lake Mead flow system, that is now part of the WRFS, 
are the same as for the 2001 study. 

Stable isotopes of water, deuterium (2H/1H), and oxygen-18 (18O/16O) are ideal 
natural tracers to evaluate water budgets and interbasin flow. They are ideal natural tracers 
because they are part of the water molecule, rather than being dissolved in the water like 
most tracers, so they can be used to identify sources and flow paths of groundwater from 
recharge areas to discharge areas. Furthermore, deuterium and oxygen-18 concentrations are 
only affected by physical processes, such as evaporation, and are unchanged by chemical 
reactions. The ratio of the mass difference of 2H as compared to 1H (2/1) is significantly 
greater than that of 18O to 16O (18/16), so the fractionation of deuterium is greater than the 
fractionation of oxygen-18 during physical processes and water that has undergone any 
significant evaporation is easily identified. Isotopic fractionation is the change in 
concentration of deuterium and oxygen-18 that results from the mass differences during 
physical processes. This fractionation is known and can be easily calculated for physical 
processes. 

Study Area Description 
The area covered by this project is the White River and Meadow Valley Wash 

regional groundwater flow systems in east-central and southeastern Nevada (Figure 1). The 
WRFS extends from Long Valley in the north to Lake Mead in the south (Figure 2). A 
groundwater hydraulic gradient extends from Long Valley all the way to Lake Mead. In the  
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Figure 1.   Study area location showing the White River and Meadow Valley Wash regional 

groundwater flow systems. 
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Figure 2.  Groundwater flow directions as delineated by SNWA (2007) in the White River and 

Meadow Valley Wash regional groundwater flow systems. 
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Thomas et al. (2001) report, the Lake Mead part of the regional flow system was treated as a 
connected but separate flow system, but in this report, it is treated as part of the WRFS. The 
MVWFS extends from Lake Valley in the north and Spring Valley in the northeast (this 
Spring Valley is a small valley southeast of Lake Valley and not the large Spring Valley to 
the north of Lake Valley) to Lower Meadow Valley Wash. Groundwater in Lower Meadow 
Valley Wash flows to Upper Moapa Valley (Muddy River Springs area) and California Wash 
of the WRFS. Hydraulic gradients extend from Lake Valley and Spring Valley to Panaca 
Valley, from Panaca Valley to Lower Meadow Valley Wash, and from Lower Meadow 
Valley Wash to Upper and Lower Moapa valleys and California Wash (Thomas et al., 1986; 
LVVWD, 2001; SNWA, 2007). 

Isotope Data 
Most of the data used in the stable isotope mass-balance models were collected by 

Desert Research Institute (DRI) personnel and analyzed at the University of Nevada, Reno, 
Isotope Laboratory. Some additional samples were collected by SNWA personnel and these 
samples were also analyzed at the University of Nevada, Reno, Isotope Laboratory. 
Historical data used in this project were collected and analyzed by DRI at the DRI Isotope 
Laboratory in Las Vegas, Nevada, or the U.S. Geological Survey (USGS) at USGS isotope 
laboratories in Reston, Virginia, and Menlo Park, California. 

Stable Isotope Mass-balance Models 
The stable isotope mass-balance models developed for this study use the stable 

isotopes of water (deuterium and oxygen-18) to evaluate water budgets (groundwater 
recharge and discharge) and interbasin flow. As noted in the Introduction section, these 
stable isotopes are only subject to physical processes, they are not involved in chemical 
reactions. The main physical process that can change deuterium and oxygen-18 values in the 
study area is evaporation. Any groundwater that has undergone significant evaporation is not 
included in the isotope mass-balance models. A groundwater sample is assumed to have 
undergone significant evaporation if the deuterium value calculated from the oxygen-18 
value of the sample is 10 permil (‰), or more, positive than the measured deuterium value. 
These samples are easily identified on deuterium versus oxygen-18 plots because they plot 
below (to the right of) the line “deuterium = 8 x oxygen-18.” 

Groundwater budgets are evaluated by determining the average deuterium and 
oxygen-18 values of mountain block recharge areas in a valley. Valleys in east-central and 
southeastern Nevada generally have two main recharge areas, a mountain block on the east 
side and a mountain block on the west side of the valley. However, no matter if there are two, 
or more then two, recharge areas within a topographic basin (valley) they are treated 
separately and assigned their own average deuterium and oxygen-18 values. Deuterium and 
oxygen-18 values are assigned to recharge areas by taking the average stable isotope values 
of all the springs sampled in a recharge area. If a spring site contains more than one sample, 
then the average deuterium and oxygen-18 values for the site are used in determining the 
average stable isotope values of the recharge area.  

These recharge area springs are used to represent the isotopic composition of 
groundwater recharge to a mountain block because they represent an integration of many 
recharge events and they often integrate recharge over large areas. These springs are great 
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integrators of recharge that is derived from precipitation in mountainous recharge areas 
because they: (1) average out the variability of individual precipitation events that become 
groundwater recharge; (2) account for the loss of most of the precipitation that does not 
become groundwater recharge (such as summer precipitation that seldom reaches the 
saturated zone and sublimation of the snow pack); (3) average out the seasonality of recharge 
(see Data Variability section for more details); and (4) represent a larger area than a single 
measurement point such as a precipitation station. 

The stable isotopic composition of groundwater discharging from springs, or in wells 
on valley floors, can be used to validate the isotope mass-balance models and how well 
recharge and discharge estimates and volumes of interbasin flow represent water budgets of 
regional groundwater flow systems. In particular, the isotopic composition of large regional 
warm (>20oC, which represents an average flow depth of several thousand feet) springs can 
be used to evaluate water budgets and interbasin flows. These warm springs represent flow 
from an upgradient basin(s) that flows at depth into the valley containing the warm spring(s). 
Other data that offer evaluation points for water budgets and interbasin flow are wells 
completed in consolidated rock that contain warm (>20oC) water from regional groundwater 
flow. Additional information that can be used to evaluate water budgets in regional flow 
systems includes springs on valley floors along range front faults that are generally cool 
(<20oC). This information is used to evaluate mountain block recharge. If the average 
isotopic composition of springs in a mountainous recharge area represents the isotopic 
composition of recharge from that mountain block then springs along range-bounding faults 
should have similar isotopic compositions as the average recharge values determined from 
springs in the recharge area. 

As presented in the Introduction, two isotope mass-balance models were used to 
evaluate water budgets and interbasin flow in the study area. The first model assumes that all 
groundwater discharge in a basin (ET; in valleys with spring discharge the spring discharge is 
included in the ET estimate, except for Upper Moapa Valley, where regional spring 
discharge leaves the valley as surface-water flow) is a complete mixture of local recharge to 
the valley and interbasin flow entering the valley. The second model assumes that all ET is 
first satisfied with local recharge and then any ET greater than local recharge is satisfied with 
interbasin flow. Finally, in both models, the isotopic composition of groundwater discharging 
from regional warm springs and wells completed in consolidated rock with warm 
groundwater is assumed to be interbasin flow into the valley. If a valley receives interbasin 
flow from more than one upgradient valley, then the calculated isotopic value of the warm 
spring or well water is the volume-weighted average of the interbasin flows. 

DEUTERIUM AND OXYGEN-18 VARIABILITY 
An important consideration in using deuterium and oxygen-18 to evaluate water 

budgets is their natural variability. This variability includes the spatial distribution of stable 
isotope values of springs in mountain block recharge areas, potential variability with altitude 
in recharge areas, and variability of recharge area spring isotopic values over time and with 
varying spring flows. Additionally, the isotopic variability of regional warm springs over 
time also needs to be considered. Ideally, isotopic variability will be small so that isotope 
mass-balance model solutions do not have a large uncertainty associated with them. Since the 
Thomas et al. (2001) study, about 450 samples have been collected and analyzed for stable 
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isotopes and major-ion chemistry to evaluate the isotopic variability of recharge area 
groundwaters and regional warm springs. 

Recharge Area Isotopic Variability 
A large amount of isotopic data has been collected in recharge areas during this study 

(Appendix 3). Three springs in major recharge areas of the WRFS and MVWFS (Monitoring 
Spring WR1 in the White Pine Range, Upper Terrace Spring WR2 in the Egan Range, and 
Patterson Pass Spring WR3 in the Schell Creek Range) have been continuously monitored 
for flow, water temperature, and electrical conductance and sampled quarterly for deuterium, 
oxygen-18, pH, and major-ion chemistry from October 2003 to the present. In addition, one 
recharge area spring (Headwaters Spring WR5 in the Wilson Creek Range) has been 
monitored and sampled from May 2004 to the present, one recharge area spring (Upper 
Riggs Spring WR4 in the Delamar Mountains) was monitored and sampled from April 2004 
to February 2005 until the monitoring site was destroyed by a flood, and the Upper Riggs 
Spring monitoring site was moved to Grapevine Spring KSV-2 in the adjacent Meadow 
Valley Mountains, and this spring was monitored from April 2005 to May 2007. Numerous 
recharge area springs were also sampled for stable isotopes and major-ion chemistry to 
provide information for recharge areas that had little or no isotopic data in the Thomas et al. 
(2001) study and to provide more data for all mountainous recharge areas throughout the 
study area. 

Continuous flow and quarterly deuterium data for recharge area monitoring springs 
are shown in Figures 3 through 6 (oxygen-18 is not shown on the plots because it is strongly 
correlated with deuterium and follows the same trend as deuterium). As is observed in all 
plots, the deuterium composition of the springs varies little with change in flow or season. 
For example, deuterium in Monitoring Spring WR1 in the White Pine Range only varies 
between -115.7 and -111.2‰ for a range in flow of about 100 to 2,500 gallons per minute 
and for the time period October 2003 to May 2007 (Figure 3 and Table 1). Oxygen-18 for 
these same samples varies between -15.69 and -15.32‰. During this period 14 samples were 
collected with an average deuterium value of -113.7‰ and a standard deviation of 1.3‰ and 
an average oxygen-18 value of -15.58‰ with a standard deviation of 0.11‰ (Table 1). A 
similar pattern is observed for the other five recharge area monitoring springs in the study 
area (Figures 4 through 6 and Table 1). Table 1 presents a summary of the data in Figures 3 
through 6 and data for the shorter records at Upper Riggs Spring WR4 in the Delamar Range 
and Grapevine Spring (KSV-2) in the Meadow Valley Mountains, with minimum, maximum, 
median, mean, and standard deviation values for the isotopic data for all six recharge area 
monitoring sites. The greatest range in deuterium values for all six sites is 5.4‰ for the 
Headwaters Spring site in the Wilson Creek Range for 17 samples from May 2004 to May 
2007, and the smallest range is 1.8‰ for 5 samples from January 2004 to February 2005 for 
the Upper Riggs site (Table 1). The standard deviation of the spring deuterium data is about 
1‰, with the highest standard deviation being 1.6 for Headwaters Spring and the lowest 
being 0.7 for Upper Riggs Spring. Oxygen-18 follows a similar pattern, with the standard 
deviation ranging from 0.06 to 0.33‰ for the six recharge area monitoring sites (Table 1). 
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Figure 3.  Deuterium and flow data for Monitoring Spring WR1 in the White Pine Range in 

northwestern White River Valley. 
 

 
Figure 4.  Deuterium and flow data for Upper Terrace Spring WR2 in the Egan Range in 

northeastern White River Valley. 
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Figure 5.  Deuterium and flow data for Patterson Pass Spring WR3 in the Schell Creek Range in 

western Lake Valley. 
 

 
Figure 6  Deuterium and flow data for HeadwatersSpring WR5 in the Wilson Creek Range in 

southeastern Lake Valley. 
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Table 1.  Variability of deuterium and oxygen-18 in recharge area springs. 
Site  Name   Number of Samples Minimum Maximum Median Mean Standard Deviation 

White Pine Range 
Monitoring Spring WR1 δ2H 14 -115.7 -111.2 -113.9 -113.7 1.3 
Monitoring Spring WR1 δ18O 14 -15.69 -15.32 -15.62 -15.58 0.11 

Egan Range 
Upper Terrace Spring WR2 δ2H 14 -115.6 -111.3 -114.2 -114.0 1.2 
Upper Terrace Spring WR2 δ18O 14 -15.50 -15.24 -15.43 -15.42 0.06 

Schell Creek Range 
Patterson Pass Spring WR3  δ2H 14 -109.2 -106.2 -108.0 -107.8 0.9 
Patterson Pass Spring WR3  δ18O 14 -14.96 -14.71 -14.87 -14.85 0.07 

Wilson Creek Range 
Headwaters Spring WR5 δ2H 17 -110.4 -105.0 -107.6 -107.4 1.6 

Headwaters Spring WR5 δ18O 17 -15.01 -14.10 -14.59 -14.57 0.23 

Delamar Mountains 
Upper Riggs Spring WR4 δ2H 5 -88.0 -86.2 -87.0 -87.1 0.6 
Upper Riggs Spring WR4 δ18O 5 -12.46 -11.55 -11.90 -11.95 0.33 

Meadow Valley Mountains 
Grapevine Spring (KSV-2) δ2H 10 -88.6 -85.2 -87.5 -87.4 0.9 
Grapevine Spring (KSV-2) δ18O 10 -12.03 -11.60 -11.94 -11.92 0.12 
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The potential for variability of stable isotope values with altitude also needs to be 
considered, because if stable isotope values become more depleted (more negative) with altitude 
in the recharge areas, this would need to be accounted for in assigning average stable isotope 
values to recharge areas (an altitude-weighted approach would need to be taken instead of using 
an average value because the amount of precipitation and the percent of precipitation that 
becomes recharge increase with altitude). The relationship between deuterium and altitude was 
evaluated for five major recharge areas in the study area that contained 14, or more, springs. In 
the northern part of the study area, the White Pine Range and Central Egan Range deuterium data 
were plotted as a function of altitude (Figures 7 and 8). There is no apparent relationship of 
deuterium with altitude in these plots. In the central and southern part of the study area, White 
Rock Mountain, Delamar Mountain, and Fairview and Bristol ranges deuterium data were 
plotted as a function of altitude (Figures 9, 10, and 11). Again there is no relationship of 
deuterium with altitude, with the exception of the samples in the Delamar Range, where there is a 
small apparent relationship of heavier (less negative) deuterium values with lower altitude. The 
lack of a deuterium-with-altitude relationship, which does occur on the western side of the Sierra 
Nevada as storms track from the Pacific Ocean to the Sierra crest (Smith et al., 1979), is 
consistent with the results of Thomas et al. (1996) for the Spring Mountains in southern Nevada. 
Thomas et al. (1996; Figure 21) found no deuterium-altitude relationship for samples ranging in 
altitude from about 4,400 to 10,300 feet. The importance of a lack of deuterium-altitude 
relationship is that isotopic values in recharge areas do not have to be altitude weighted, and thus 
recharge volume weighted, to determine the average isotopic composition of recharge areas in 
the regional flow systems in east-central and southeastern Nevada. 

Valley Cold Springs, Consolidated Rock Wells with Cold Water, and Local Recharge  

White River Valley offers a relatively unique opportunity to evaluate the average isotopic 
composition of recharge area springs as being representative of mountain block recharge because 
of the presence of cold (<20 oC) valley springs along the range-bounding fault on the east side of 
the valley. In northern White River Valley, Lund Spring is located near the range-bounding fault 
on the east side of the valley. In addition to being cold, Lund Spring also has a variable flow rate, 
ranging from about 4,000 to 8,000 afy, even in the winter months (U.S. Geological Survey data). 
This large variability in flow is characteristic of locally recharged springs as compared to 
regional warm springs, which exhibit little variability in flow under natural conditions. The 
deuterium value of this spring is -113.0‰ and the oxygen-18 value is -15.40‰ (Appendix 3). 
These values are similar to the average deuterium and oxygen-18 values of -112.3 and -15.15‰, 
respectively, of northern Egan Range recharge, which is the local recharge source of this spring. 
In southern White River Valley, three springs—Emigrant, Butterfield, and Flag #3—are located 
near the range-bounding fault on the east side of the valley. Flag #3 Spring has a water 
temperature of 22.8 oC, but because of its location and similar isotopic and water chemistry 
content to that of Emigrant and Butterfield springs (Appendix 3), it is included as a cold 
range-bounding fault spring. These three springs have isotopic values that range from -107.8 to 
-105.0‰ for deuterium and -14.50 to -14.20‰ for oxygen-18 (Appendix 3). These values are 
similar to the average isotopic composition of recharge, - 106.9 and -14.15‰, to the southern 
Egan Range in southern White River Valley, which would be the local recharge source of these 
springs. The isotopic content of valley springs near the range-bounding fault on the east side of 
White River Valley that are supplied by local recharge to the valley shows that average spring 
isotopic values provide a good representation of mountain block recharge to a valley. 
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Figure 7.  Deuterium as a function of altitude in the White Pine Range. 

 

 
Figure 8.  Deuterium as a function of altitude in the Central Egan Range. 

SE ROA 46625

JA_13994



 12

 
Figure 9.  Deuterium as a function of altitude in the White Rock Mountains. 

 

 
Figure 10.  Deuterium as a function of altitude in the Delamar Mountains. 
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Figure 11.  Deuterium as a function of altitude in the Highland and Fairview ranges. 

 

In Cave Valley, east of White River Valley, two wells (180W501 and 180W902) 
completed in consolidated rock with cold temperatures (<20 oC) provide another relatively 
unique opportunity to evaluate average spring isotopic compositions as being representative 
of mountain block recharge. Cave Valley has no inflow, so the water in these wells should 
have an isotopic composition similar to recharge to the valley. The isotopic content of water 
in these two wells is -105.6 and -104.7‰ for deuterium and -14.12‰ for oxygen-18 for both 
wells. These values are similar to the isotopic content of water recharging Cave Valley, 
-106.5 and -14.28‰, so like the cool springs along the eastern range-bounding fault in White 
River Valley the groundwater in these wells has an isotopic composition very similar to local 
recharge to Cave Valley providing more evidence that springs in recharge areas can be used 
to represent recharge from mountainous areas. 

Isotopic Variability of Regional Warm Springs  
Regional warm springs in the WRFS and MVWFS are the integrators of interbasin 

groundwater flow in these systems and as such they provide the information needed to 
evaluate stable isotope mass-balance models of regional groundwater flow. Thus, it is 
important that isotopic variability of these springs is known and if this variability is large, 
then transient, rather than the current steady-state, isotope mass-balance models would be 
needed to evaluate water budgets and regional groundwater flow. To evaluate the isotopic 
variability of regional warm springs in the study area, new data were collected and combined 
with historical data to determine isotopic variability of the warm springs. Table 2 presents 
minimum, maximum, median, mean, and standard deviation values for deuterium and 
oxygen-18 for the warm springs in the study area. Data are presented for individual springs in 
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Table 2.  Variability of deuterium and oxygen-18 in regional warm springs. 
Site  Name   Number of  

Samples 
Minimum Maximum Median Mean Standard  

Deviation 

North White River Valley 
Preston Big Spring  δ2H 11 -126.0 -120.0 -121.7 -122.0 1.6 
Preston Big Spring  δ18O 11 -15.98 -15.60 -15.88 -15.88 0.10 
North White River Valley δ2H -124.0 -122.0 -123.5 -123.2 1.1 -124.0 
North White River Valley  δ18O 3 -15.80 -15.80 -15.88 -15.93 0.16 

South White River Valley 
Hot Creek Springs δ2H 10 -120.5 -117.4 -119.0 -118.9 0.9 
Hot Creek Springs δ18O 10 -15.77 -15.50 -15.71 -15.69 0.08 
South White River Valley δ2H 4 -120.0 -118.0 -119.0 -119.0 0.8 
South White River Valley δ18O 4 -15.80 -15.30 -15.70 -15.62 0.22 

Panaca Valley 
Caliente Hot Springs (Hotel) δ2H 8 -109.3 -106.4 -107.5 -107.9 1.1 
Caliente Hot Springs (Hotel) δ18O 8 -14.52 -14.29 -14.45 -14.44 0.07 
Panaca Spring δ2H 13 -108.0 -105.8 -107.0 -106.9 0.6 
Panaca Spring δ18O 12 -14.25 -13.90 -14.17 -14.14 0.10 

Pahranagat Valley 
Crystal Springs δ2H 17 -110.1 -106.9 -109.0 -108.8 0.8 
Crystal Springs δ18O 14 -14.53 -14.30 -14.42 -14.41 0.07 
Hiko Spring δ2H 7 -110.5 -105.0 -109.5 -108.7 1.9 
Hiko Spring δ18O 4 -15.30 -13.80 -14.23 -14.39 0.67 
Ash Springs δ2H 6 -112.0 -107.0 -108.7 -109.1 1.8 
Ash Springs δ18O 3 -14.20 -14.03 -14.10 -14.11 0.09 
Pahranagat Valley δ2H 4 -109.1 -107.2 -108.8 -108.5 0.9 
Pahranagat Valley δ18O 4 -14.41 -14.11 -14.29 -14.28 0.15 
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Table 2.  Variability of deuterium and oxygen-18 in regional warm springs (continued). 
Site  Name   Number of  

Samples 
Minimum Maximum Median Mean Standard  

Deviation 

Upper Moapa (Muddy) Valley 
Baldwin Spring  δ2H 9 -98.6 -96.3 -97.9 -97.6 0.8 
Baldwin Spring  δ18O 9 -13.05 -12.91 -12.95 -12.97 0.05 
Big Muddy Spring δ2H 6 -99.0 -96.5 -98.0 -97.9 0.8 
Big Muddy Spring δ18O 5 -13.05 -12.75 -12.89 -12.89 0.11 
Jones Spring Pumphouse δ2H 6 -98.9 -97.3 -97.9 -97.9 0.5 
Jones Spring Pumphouse δ18O 6 -13.10 -12.99 -13.07 -13.05 0.05 
Pederson's East δ2H 9 -98.7 -97.0 -97.7 -97.8 0.6 
Pederson's East δ18O 9 -13.06 -12.89 -12.98 -12.98 0.06 
Pederson's Warm Spring (M-13) δ2H 15 -99.0 -96.5 -97.4 -97.5 0.6 
Pederson's Warm Spring (M-13) δ18O 13 -13.05 -12.75 -12.91 -12.93 0.09 
Upper Moapa (Muddy) Valley δ2H 9 -99.0 -96.5 -97.8 -97.7 0.7 
Upper Moapa (Muddy) Valley δ18O 8 -13.05 -12.45 -12.94 -12.87 0.19 
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a valley with three of more analyses and for the average of all warm springs in a valley. For 
example, in northern White River Valley, Preston Big Spring is a warm spring in the Preston 
warm spring area that has 11 samples. There are also two other warm springs in the area, 
Nicholas and Cold springs (actually a warm spring). Table 2 presents the values and standard 
deviation for Preston Big Spring data and also the values and standard deviation for the 
average values of the three springs in the area. Deuterium ranged from -126.0 to -120.0‰, 
with a mean value of -122.0‰ and a standard deviation of 1.6 for Preston Big Spring. For the 
three springs in the warm spring discharge area, the average deuterium values ranged from 
-124.0 to -122.0‰, with a standard deviation of 1.1. In general, the standard deviations for 
the individual spring deuterium data and the valley data for the average of the spring values 
are around 1‰ (Table 2). Oxygen-18 data follow a similar pattern, with standard deviations 
ranging from 0.05 to 0.22‰ (except for one site with a standard deviation of 0.67‰). This 
low variability of the stable isotopic data shows that the stable isotopic composition of 
regional warm springs provides good isotope mass-balance calibration points and a 
steady-state model is a valid approach.  

Another indication of the stability and little variation in warm spring isotopic values 
is that some regional warm springs have samples covering a 20- to 40-year period with little 
change in isotopic composition. For example, isotopic data were first collected for Big 
Muddy Spring in Upper Moapa Valley in March 1970 and six samples from 1970 to 2004 
have a range of only -99.0 to -96.5‰. Similarly, Hiko, Crystal, and Ash springs in 
Pahranagat Valley have isotopic data that were first collected in 1968. For all three springs 
during this time period of 1968 to 2006, deuterium only varied by 5.5‰. Preston Big Spring 
in northern White River Valley, Hot Creek Spring in southern White River Valley, and 
Panaca and Caliente hot springs in Panaca Valley all have samples that span a 22- to 26-year 
period with an average range in deuterium values of only 3.6‰ (Table 2). 

An important question that needs to be answered if regional warm springs are going 
to be used to evaluate water budgets and interbasin flow is “are the regional warm springs 
discharging last glacial period water that was recharged during a cooler and wetter climate?” 
If they are, then regional warm spring discharge and groundwater ET throughout the WRFS 
and MWVFS would not be in balance with present-day recharge rates; present-day recharge 
rates would be less because some of the groundwater discharge would be from past wetter 
climates. Regional warm spring discharge is not glacial period water because: (1) regional 
warm spring discharge that greatly exceeds local recharge amounts in valleys in the southern 
part of the WRFS, the Muddy River and Pahranagat Valley warm spring areas, would even 
exceed local recharge during a much wetter climate because these spring flows are supported 
by interbasin flow; (2) additional evidence that regional warm springs are supported by 
interbasin flow is that they have isotopic values that are more negative than local recharge 
isotopic values because upgradient basins that supply interbasin flow are north of the 
regional spring discharge areas in both the WRFS and MVWFS, so this interbasin flow is 
isotopically more negative than local recharge; and (3) although regional warm springs have 
more negative isotopic values than local recharge, if these springs were discharging glacial 
period water these values would be even more negative even if they were only local recharge, 
but assuming that there would be interbasin flow during glacial periods as there is today, they 
would be even lighter. If regional spring discharge was from the last glacial period, then the 
isotopic composition of the springs would be at least 10 and 1.2‰ more negative for 
deuterium and oxygen-18, respectively, than present-day recharge (Winograd et al., 2006), 
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and could be as much as 16 and 2.0‰ more negative for deuterium and oxygen-18, 
respectively, than present-day recharge (Benson and Klieforth, 1989) because of cooler air 
temperatures. Thus, if any significant portion of local recharge or interbasin flow was 
recharged during the last glacial period, regional warm springs would be as much as 10 to 
20‰ less negative in deuterium and 1.0 to 2.0 more negative in oxygen-18 than present-day 
spring discharge. 

Additional information on the timing of recharge to the regional warm springs is 
provided by carbon-14 data for dissolved inorganic and dissolved organic carbon. Low 
carbon-14 (less than 10 percent modern carbon [pmc]) in some of these regional warm spring 
waters (Thomas et al., 1996) indicates that these waters could be as old as 20,000 years. 
However, regional warm springs in similar carbonate-rock aquifers that discharge in Ash 
Meadows and groundwater in nearby Devils Hole with only 2 to 3 pmc carbon-14 (with one 
spring having 11 pmc) are at most several thousand years old and could be less than 1,000 
years old (Winograd et al., 1992, 2006; Thomas et al., 1996). To obtain realistic groundwater 
ages the dissolution of calcite and dolomite that comprise the carbonate-rock aquifer and 
adsorption and diffusion processes have to be accounted for in correcting the carbon-14 ages. 
The dissolution of calcite and dolomite add carbon-14 to the water with 0 pmc and 
adsorption and diffusion remove carbon-14 from the groundwater (Hershey and Howcroft, 
1998; Hershey et al., 2003, 2007), so once these processes are accounted for the corrected 
groundwater ages of these low carbon-14 groundwaters are only a few thousand to less than a 
thousand years old. Dissolved organic carbon isotopic data also support regional warm 
springs in the WRFS being younger than the last glacial period (Thomas, 1996). Regional 
springs integrate flow all along the regional flow systems from many different recharge areas 
and basins, so the age of the water discharging from warm springs is an average age and a 
very small percent of the water could be Pleistocene-age water that is isotopically light. 
However, the isotopic, recharge, and discharge data do not support any significant amount of 
Pleistocene-age water being discharged at regional warm springs in these systems. 

Summary of Isotopic Variability 
The small range in isotopic values and standard deviations of the recharge area and 

regional warm spring monitoring stable isotope data shows that deuterium and oxygen-18 are 
good tracers of groundwater in the regional flow systems. Using the average isotopic 
composition of springs in recharge areas as representative of recharge from a mountain block 
recharge area is further supported by cold springs near the range-bounding fault in eastern 
White River Valley and two wells completed in consolidated rock in Cave Valley with cold 
water. If temporal variability of deuterium and oxygen-18 of recharge area monitoring 
springs and regional warm springs had been high, then the uncertainty associated with using 
them to evaluate water budgets in regional flow systems would have been high. 

ISOTOPIC EVALUATION OF THE WHITE RIVER AND MEADOW VALLEY 
WASH REGIONAL GROUNDWATER FLOW SYSTEMS 

The WRFS and MVWFS water budgets, including interbasin flows, were evaluated 
using stable isotope data for recharge area groundwaters and regional warm springs for two 
versions of the isotope mass-balance model. Additionally, wells completed in consolidated 
rock that are not in warm spring discharge areas and intercept groundwater flowing through 
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these regional flow systems were also used to evaluate water budgets and interbasin flow. 
Wells are point measurements in the flow system and provide good information on regional 
groundwater flow and water budgets but they are a secondary evaluation method as 
compared to regional warm springs, which integrate flow over large areas. For this report, 
two mass-balance models were developed to evaluate water budgets that handle ground 
discharge from these regional flow systems in two different ways (see Stable Isotope Mass-
Balance Models section for a description of the two models). These two models were used to 
evaluate water budgets developed using: (1) SNWA recharge and discharge estimates 
(SNWA, 2007); (2) SNWA/BARCAS discharge estimates (SNWA, 2007; Welch and Bright, 
2007; valleys with BARCAS study ET values were used in place of SNWA ET values in 
these valleys to determine recharge and discharge amounts for the different valleys); and (3) 
Water Resources Bulletin No. 8 (Maxey and Eakin, 1949), and the Reconnaissance Report 
series recharge and ET estimates (Maxey and Eakin, 1949; Eakin, 1962, 1963a, b, c, 1964, 
1966, 1968; Rush, 1964; Rush and Eakin, 1963) and the Eakin (1966) interbasin groundwater 
flow directions for the WRFS. The evaluation of three water budgets using the two end-
member models resulted in six isotope mass-balance models being developed for this study. 

White River Regional Groundwater Flow System 
The WRFS (Figure 1) was originally described by Eakin (1966), who postulated that 

some of the water discharging from the Muddy River Springs area in Upper Moapa Valley 
originated more than 200 miles north of the spring area and that this regional interbasin flow 
system included 13 valleys. Eakin reached these conclusions on the basis of “preliminary 
appraisals of the distribution and quantities of the estimated groundwater recharge and 
discharge within the region, the uniformity of discharge of the principal springs, the 
compatibility of the potential hydraulic gradient with regional groundwater movement, the 
relative hydrologic properties of the major rock groups in the region, and to a limited extent, 
the chemical character of water issuing from the principal springs.” The main conclusions of 
his study were: (1) Paleozoic carbonate rocks form the regional aquifer, (2) recharge and 
discharge estimates balance within the flow system, and (3) the principal discharging springs 
have a uniform discharge rate, indicating a regional rather than local water source. 

As noted in the Study Area Description section of this report, for this study the WRFS 
includes California Wash, Lower Moapa, Hidden, and Garnet valleys and the Black 
Mountains area in addition to the original 13 valleys described by Eakin (1966). These 
valleys are included because some groundwater in the WRFS continues flowing through 
these valleys on its way to Lake Mead on the Colorado River as indicated by hydraulic 
gradients (Thomas et al., 1986, 1996; LVVWD 2001, 2007). The lower part of the WRFS 
also receives groundwater inflow from the MVWFS. The MVWFS, to the east of the WRFS, 
has groundwater that flows into Upper Moapa and California Wash valleys. This MVWFS 
groundwater mixes with the WRFS groundwater and flows into Lower Moapa Valley from 
which groundwater discharges into Lake Mead. The MVWFS will be described in more 
detail later in this report.  
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White River Flow System Isotope Mass-Balance Models 
Background 

Kirk and Campana (1990) constructed a deuterium-calibrated mixing cell (water 
budget) model of the WRFS as delineated by Eakin (1966). Their mixing cell model was 
calibrated using average deuterium values for the model cells. The mixing cell model was a 
two-layer model with an upper layer representing basin-fill aquifers and a second layer 
representing the carbonate-rock aquifer. The cells were defined as the 13 individual 
topographic valleys within the WRFS, although not all valleys had a sufficient alluvial 
aquifer to warrant an upper layer cell in the model. The mixing model used the spring flow 
and ET estimates from Eakin (1966) and initially set recharge to Maxey-Eakin values but 
then let the model calculate new recharge values. The model-calculated recharge values were 
similar to initial Maxey-Eakin recharge estimates. Three different models were developed for 
the WRFS. The results of the Kirk and Campana (1990) study are: (1) recharge from the 
Sheep Range to Coyote Springs Valley is 5,000 to 6,000 acre feet per year (afy) as compared 
to the Maxey-Eakin estimate of 2,000 afy; (2) the Lower Meadow Valley Wash-Kane 
Springs Valley area contributes 5,500 to 9,000 afy to the Muddy River Springs discharge 
area, as compared to the Maxey-Eakin Kane Springs Valley recharge estimate of about 1,000 
afy; and (3) 4,000 afy of groundwater is routed out of the WRFS in the Pahranagat Valley 
area to the west (similar to the 6,000 afy proposed by Winograd and Friedman [1972] and 
7,000 afy proposed by Thomas et al. [1996]). 

Thomas et al. (1996) used the average deuterium composition of water discharging 
from Big Muddy Spring in Upper Moapa Valley, the largest discharging spring in the Muddy 
River springs area, to calculate a deuterium mass-balance water budget for the lower part of 
the WRFS. This deuterium mass-balance water budget model simply used the estimated total 
spring discharge of the Muddy Springs area (after removing surface water flows due to storm 
events) and the average deuterium composition of the springs in the Muddy River Springs 
area. For a Muddy River Springs area discharge rate of 36,000 afy (Eakin and Moore, 1964), 
this calculation resulted in an input of 14,000 afy of recharge from the Sheep Range, 
14,000 afy of inflow from Pahranagat Valley, and 8,000 afy of inflow from the Lower 
Meadow Valley Wash-Kane Springs Valley area. 

Thomas et al. (2001) used new estimates of recharge and predevelopment ET derived 
by the Las Vegas Valley Water District (LVVWD, 2001) for the WRFS and MVWFS and 
deuterium and oxygen-18 values in recharge areas and for regional warm springs to develop 
a stable isotope mass-balance model. This effort was different from that of Kirk and 
Campana (1990) in that it assigned recharge and average isotopic values to individual 
recharge and discharge areas, rather than to a cell that represents an entire valley. The Kirk 
and Campana (1990) model also used spring flow and ET estimates from Eakin (1966) to 
represent ET for the model area. They initially set recharge to estimates from Maxey-Eakin 
(1949) but then let the model calculate new recharge values. The Thomas et al. (2001) study 
was different from the Thomas et al. (1996) study in that the 1996 study used the estimated 
spring discharge in the Muddy River Springs area to represent all groundwater discharge 
from the Muddy River Springs area. Then, Thomas et al. (1996) used this value in 
conjunction with the average deuterium composition of the Muddy River springs, the 
regional warm springs in Pahranagat Valley, and springs in recharge areas to develop a 
deuterium mass-balance model that only accounted for regional warm spring discharge. 
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Additionally, the Kirk and Campana study only modeled the WRFS and the Thomas et al. 
(1996) study only modeled the southern part of the WRFS from Pahranagat Valley to Upper 
Moapa Valley, whereas the Thomas et al. (2001) study included the MVWFS and the valleys 
between the Muddy River Springs area (Upper Moapa Valley) and Lake Mead on the 
Colorado River (the lowest point in the system). 

The stable isotope mass-balance models developed for this study include the same 
area as the Thomas et al. (2001) study, but this study includes a significant amount of new 
data (about 450 new analyses) to help define the isotopic content of groundwater recharge 
areas both spatially and temporally, new recharge and discharge estimates (SNWA, 2007; 
Welch and Bright; 2007), and new interbasin flow directions and rates based on new 
geologic and hydrologic information (SNWA, 2007). 
Model Development and Results  

Stable isotopes of water were used to evaluate water budgets and interbasin flows for 
the WRFS by determining average deuterium and oxygen-18 values for all recharge and 
groundwater discharge (ET) areas in the study area and tracking the volumes of recharge 
added to and ET removed from the WRFS throughout the study area. For a water budget to 
be a reasonable estimate of recharge and predevelopment ET, calculated isotopic values for 
regional spring discharge areas have to be similar to measured values. Wells completed in 
consolidated rock with warm (>20 oC) water from the regional flow system that are not in 
warm spring discharge areas were also used to evaluate water budgets and interbasin flow by 
comparing measured isotopic values with calculated values. 

To use a stable isotope mass-balance model for evaluating water budgets in regional 
flow systems, there needs to be an easily identifiable range in isotopic values throughout a 
flow system. A range in isotopic values is needed to identify inputs from different recharge 
areas and interbasin flow in a regional flow system. Fortunately, in the WRFS, deuterium and 
oxygen-18 vary greatly from the Lake Mead area in the south to Long Valley in the north 
(Figure 2). A plot of deuterium versus oxygn-18 (Figure 12) shows that isotopic 
compositions increase (become less negative) from north to south. This 50‰ increase in 
recharge area deuterium values, from -129.5‰ in Long Valley in the northern WRFS to -
79‰ in the Black Mountain area in the southern WRFS and the 6.54‰ increase in recharge 
area oxygen-18 values, from -17.04‰ in Long Valley in the north to -10.50‰ in the Black 
Mountain area in the south (Figure 12 and Plate 2), makes deuterium and oxygen-18 
excellent tracers for water budget evaluations in the WRFS. These differences in isotopic 
values from north to south in the WRFS are very significant because the analytical precision 
for deuterium is plus or minus 1.0‰ and for oxygen-18 is plus or minus 0.10‰ (analytical 
precision values represent one standard deviation; Simon Poulson, University of Nevada, 
Reno Isotope Laboratory, oral commun., 2007). 
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Figure 12.  Plot of deuterium versus oxygen-18 for samples in the White River flow system. GMWL is the Global Meteoric Water Line from 

Craig (1961). 
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The water budgets evaluated in this report are based on estimates of recharge for the 
different mountainous recharge areas in a valley, predevelopment ET, and groundwater 
interbasin flow directions provided by SNWA (Figure 13), with the exception of the 
interbasin flow rates for the reconnaissance series reports, which are based on Eakin (1966) 
interbasin flow directions (Figure 14) and differences in reconnaissance report recharge and 
ET. As noted earlier in this report, three different sets of recharge and ET values (water 
budgets) were evaluated in this study: (1) new SNWA recharge and predevelopment ET rates 
(SNWA, 2007); (2) new SNWA recharge and ET rates combined with BARCAS study ET 
rates (BARCAS ET rates were used in place of new SNWA ET rates for those valleys in the 
WRFS with BARCAS ET estimates); and (3) reconnaissance report recharge and ET rates 
were used with Eakin (1966) groundwater interbasin flow routing. The ET values are for 
predevelopment conditions and do not include ET from fields irrigated by groundwater, but 
they do include spring discharge. 

Interbasin groundwater flow results in the models when valley recharge plus 
groundwater inflow to a valley (when there is inflow) is greater than groundwater consumed 
by ET in the valley. This surplus groundwater is assumed to flow to the next downgradient 
valley(s). Interbasin groundwater flow is assigned deuterium and oxygen-18 values 
differently for the two models used in this study to evaluate water budgets. In one model, the 
isotopic composition of interbasin flow was calculated by using the volume-weighted 
isotopic compositions of recharge from different recharge areas within a valley and of 
groundwater inflow(s) to the valley from upgradient valleys. Thus, the isotopic value of 
groundwater outflow from valleys in this model is the volume weighted average of recharge 
to the valley plus any groundwater inflow from upgradient valleys. In the second mass-
balance, the isotopic composition of groundwater outflow was calculated by assuming that 
all ET in a valley was first satisfied by local recharge and then if local recharge was not 
sufficient to meet ET demands, groundwater inflow from upgradient valleys was used to 
satisfy ET. Thus, the isotopic composition of groundwater outflow from a valley in this 
model is that of the groundwater inflow to a basin if ET exceeds local recharge, or is a 
volume weighted average of the amount of local recharge in excess of ET plus inflow(s) to 
the valley.  

The isotope mass-balance models are used to evaluate WRFS water budgets by 
determining if estimated recharge and ET rates and interbasin flows within the WRFS are 
consistent with the deuterium and oxygen-18 data (Appendix 1). If mass-balance 
model-calculated deuterium and oxygen-18 values are similar to measured values for 
regional warm springs, then the proposed water budgets are reasonable. In contrast, if 
mass-balance model-calculated deuterium and oxygen-18 values are significantly different 
than measured values for regional warm springs, then the proposed water budgets are not 
reasonable, or interbasin flow routing may be incorrect. Wells completed in consolidated 
rock with warm water from the regional flow systems offer additional evaluation points in 
the system. Similar to the regional warm springs, the isotopic content of groundwater in a 
well needs to be similar to the calculated value for the proposed interbasin flows and water 
budgets to be reasonable. The isotopic mass-balance models are not used for determining 
how much recharge should be assigned to each recharge area or how much ET should be 
assigned to each valley; rather, the models evaluate whether the assigned recharge and ET 
values and interbasin flows are consistent with the stable isotope data of the WRFS. The 
isotopic mass-balance models are  
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Figure 13.  SNWA (2007) recharge values, predevelopment ET values, and interbasin flows. 

Interbasin flow directions and rates are shown as arrows with values. All values are in 
acre-feet per year. 
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Figure 14.  Reconnaissance Report Series recharge values, predevelopment ET values, and interbasin 

flows with Eakin (1966) interbasin flow routing for the White River Flow System. 
Interbasin flow directions and rates are shown as arrows with values. All values are in 
acre-feet per year. 
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nonunique; a reasonable result confirms the viability of a proposed water budget but it does 
not prove that the water budget is correct. An isotopic mass-balance model can be used to 
eliminate unrealistic water budget estimates, or interbasin flows, and to help identify areas 
where water budgets and/or interbasin flows need to be better understood. 
Regional Warm Springs 

A logical way to evaluate water budgets and interbasin flows for the WRFS with the 
isotope mass-balance model is to start at the upgradient part of the flow system in the north 
and move from north to south down the hydraulic gradient of the WRFS. In the WRFS, going 
from north to south there are four major regional warm spring areas that can be used to 
evaluate the isotopic mass-balance models; the Preston area in northern White River Valley; 
the Hot Creek area in southern White River Valley; the Alamo area in Pahranagat Valley; 
and the Muddy River Springs area in Upper Moapa Valley. Wells completed in consolidated 
rock that contain warm (>20 oC) water can also be used to evaluate water budgets and 
associated interbasin groundwater flow in the WRFS. Wells completed in consolidated rock 
with warm water in areas not in regional warm spring areas are present in Coal, Dry Lake, 
Delamar, Coyote Springs, Upper Moapa, Garnet, California Wash, and Lower Moapa valleys 
of the WRFS. 

Using the approach of evaluating the isotopic mass-balance models following 
groundwater flow down the WRFS, the first regional warm spring discharge area where 
recharge and ET estimates and interbasin groundwater flow can be evaluated is in the Preston 
area in northern White River Valley. In the Preston area, three warm springs (Preston Big, 
Nicholson, and Preston Cold [Preston Cold is inappropriately named because it is 21.8 oC 
and it is in the regional warm spring province with Preston Big and Nicholson springs]) have 
significantly lighter (more negative) discharge-weighted average deuterium and oxygen-18 
compositions of -122.6 and -15.92‰, respectively, than local recharge (Appendices 1 and 2; 
-112.3 and -15.15‰ for the northern Egan Range and -115.0 and -15.18‰ for the White Pine 
Range). The source of these warm springs is not local recharge from mountains surrounding 
northern White River Valley; rather, the source is interbasin flow from Jakes Valley. Jakes 
Valley groundwater flowing into northern White River Valley is recharge to Jakes Valley 
plus interbasin flow from Long Valley that is upgradient of Jakes Valley (Figure 13).  

In the isotopic mass-balance models for the WRFS, the spring flow rates used to 
calculate flow-weighted deuterium and oxygen-18 values are for flows measured in the 
winter months (November to February) to avoid ET and groundwater pumping that might 
reduce spring flow. However, a comparison of average winter flow rates with the average 
yearly flow rates did not show a significant difference in spring flows for most regional 
warm springs (U.S. Geological Survey spring-flow data). 

Six different models were developed to evaluate water budgets for the WRFS 
(Appendices 1 and 2). However, although results for all six isotope mass-balance models will 
be discussed, the interbasin flow volumes that are presented in detail in this report are for the 
SNWA 2007 water budget. An estimated 28,800 afy of groundwater flows into northern 
White River Valley from Jakes Valley. For both SNWA water budget models, the isotopic 
composition of this interbasin flow is -121.3 and -15.86‰ for deuterium and oxygen-18, 
respectively. The calculated values for both models are the same because of the very small 
amount of ET in Jakes Valley (400 afy) as compared to recharge (12,300 afy). This 
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calculated inflow deuterium value is within 1.3‰ of the flow weighted average of the 
regional warm springs in the Preston area (Table 3). The calculated oxygen-18 value is 
within 0.06‰ of the flow-weighted average of the regional springs in the Preston area. In 
comparison, the SNWA/BARCAS water-budget-calculated isotopic values are almost 
identical, within 1.2 and 0.06‰, for deuterium and oxygen-18, respectively (Table 3). These 
very similar values reflect that the ET differences between the SNWA and SNWA/BARCAS 
water budgets are small and also that there is little ET in Jakes Valley that would make the 
interbasin flow isotopic values different. The Reconnaissance Report Series water budget 
also produce similar results (2.3 and 0.20‰ for deuterium and oxygen-18, respectively), 
again because of little ET in Long and Jakes valleys (Table 3). 

Given the analytical precision of 1.0‰ for deuterium, calculated deuterium values 
that are within 2.0‰ of measured values indicate an excellent fit, those within 3.0‰ 
represent a good fit, and those within 4.0‰ represent an acceptable fit. Any calculated 
deuterium values that are greater than 4.0‰ different than measured values indicate that the 
water budgets are not correct, and for warm spring areas above the Muddy River Springs area 
(the most downgradient warm springs area in the WRFS) they may also indicate incorrect 
flow routing (if calculated isotopic values are within the acceptable range at the Muddy 
Springs area, the overall water budget is acceptable). Given the analytical precision of 0.1‰ 
for oxgen-18, calculated oxygen-18 values that are within 0.20‰ of measured values indicate 
an excellent fit, those within 0.30‰ represent a good fit, and those within 0.40‰ represent 
an acceptable fit. Any calculated oxygen-18 values that are greater than 0.40‰ different than 
measured values indicate that the water budgets are not correct. 

Isotope mass-balance model-calculated deuterium and oxygen-18 values for the 
SNWA and SNWA/BARCAS water budgets indicate that the recharge and ET estimates 
above the Preston warm springs area in northern White River Valley and interbasin flows 
result in an excellent match to measured values (Table 3). Calculated deuterium values for 
the Reconnaissance Report Series water budget result in a good fit and the oxygen-18 values 
result in an excellent fit to measured values. Thus, the isotope mass-balance models show 
that the SNWA and SNWA/BARCAS water-budget-calculated isotopic values closely match 
measured isotope values and the Reconnaissance Report Series water-budget-calculated 
isotopic values also match measured values, but not quite as well as the other two water 
budgets. 

The next regional warm spring area downgradient of the Preston warm springs area in 
northern White River Valley in the WRFS is the Hot Creek warm springs area in southern 
White River Valley. For the isotope mass-balance models, Moorman Hot Spring, a relatively 
low flow (400 afy) regional warm spring located several miles north of the Hot Creek area, is 
included in the Hot Creek regional warm spring province because of its similar isotopic 
composition to Hot Creek and Moon River regional warm springs (Appendices 1 and 2). In 
the Hot Creek area, the discharge-weighted average deuterium and oxygen-18 compositions 
of the three warm springs are -119.2 and -15.71‰, respectively. The local recharge to 
Southern White River valley has average isotopic values of -109.6 and -14.15‰ for the 
southern Egan Range and -106.5 and -14.23‰ for the Grant Range. As with the northern 
White River Valley, the source of these warm springs is not local recharge from mountains 
surrounding southern White River Valley; rather, the source is interbasin flow.
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Table 3.   A comparison of the difference between measured and calculated deuterium and oxygen-18 values for regional warm (>20 oC) springs 
for the WRFS and MVWFS and small (<50 afy) warm springs in the MVWFS.  Models 1 and 2 are for the SNWA water budget; 
models 3 and 4 are for the SNWA/BARCAS water budgets; models 5 and 6 are for Reconnaissance Report water budgets.  Models 1, 
3, and 5 are for ET that is a mixture of local recharge and interbasin flow and models 2, 4, and 6 are for ET that uses local recharge 
first to satisfy ET demands.  Positive values show that calculate values are less negative than measured values and negative values 
show that calculated values are more negative than measured values. 

Warm Spring Discharge 
 Area 

Model 1 
δD 

 (‰) 

Model 1 
δ18O 
(‰) 

Model 2 
δD 

 (‰) 

Model 2 
δ18O 
 (‰) 

Model 3 
δD 

 (‰) 

Model 3 
δ18O 
 (‰) 

Model 4 
δD 

 (‰) 

Model 4 
δ18O 
 (‰) 

Model 5 
δD 

 (‰) 

Model 5 
δ18O 
 (‰) 

Model 6 
δD 

 (‰) 

Model 6 
δ18O 
 (‰) 

White River Flow System Regional Warm Springs 
Preston Spring Area 
Northern White River Valley +13 +0.06 +1.3 +0.06 +1.2 +0.06 +1.2 +0.06 +2.3 +0.20 +2.3 +0.20 

Hot Creek Spring Area 
Southern White River Valley +1.7 +0.19 -0.6 -0.01 +1.6 +0.18 -2.2 -0.15 +2.2 +0.27 -0.3 +0.06 

Alamo Spring Area 
Pahranagat Valley +3.9 +0.22 +3.3 +0.16 +4.9 +0.34 +4.6 +0.31 -2.4 -0.51 -5.5 -0.83 

Muddy Springs Area 
Upper Moapa Valley -0.9 -0.35 -1.7 -0.41 -0.3 -0.26 -1.0 -0.31 -9.4 -1.39 -12.0 -1.66 

Meadow Valley Wash Flow System Regional Warm Springs 
Panaca Spring Area 
Panaca Valley +1.4 +0.06 +1.4 +0.06 +1.2 +0.02 +1.2 +0.02 +0.7 -0.10 +0.7 -0.10 

Caliente Hot Springs Area 
Panaca Valley +2.4 +0.36 +2.4 +0.36 +2.2 +0.32 +2.2 +0.32 +1.7 +0.20 +1.7 +0.20 

Meadow Valley Wash Flow System Small Warm Springs 
Flatnose Spring 
Dry Valley +1.8 +0.16 +1.7 +0.15 +1.8 +0.16 +1.7 +0.15 +2.1 +0.20 +2.1 +0.20 

Bennett Spring 
Panaca Valley +2.2 +0.31 +2.0 +0.27 +2.0 +0.27 +1.7 +0.23 +1.6 +0.19 +1.5 +1.8 

Kershaw-Ryan Spring #1 
Lower Meadow Valley 
Wash -0.4 +0.29 -1.0 +0.21 -0.6 +0.27 -1.2 +0.19 -4.3 -0.17 -4.9 -0.25 
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Calculated deuterium and oxygen-18 values for the SNWA and SNWA/BARCAS 
water budgets indicate that the recharge and ET estimates above the Hot Creek warm springs 
area in southern White River Valley and interbasin flows result in an excellent match to 
measured values, except for one model (Table 3). The model using the SNWA/BARCAS 
water budget with local recharge meeting ET demands before any regional interbasin flow is 
used to meet ET needs has a calculated deuterium value that is only a good fit to the average 
measured value of the warm springs. Calculated deuterium and oxygen-18 values for the 
Reconnaissance Report Series water budget result in a good fit for the model that mixes local 
recharge and ET to meet ET demands and is an excellent fit for the model that uses local 
recharge to meet ET demands before any regional interbasin flow groundwater is used to 
meet ET needs. Thus, the isotope mass-balance models show that the SNWA 
water-budget-calculated isotopic values most closely match measured isotope values for both 
northern and southern White River Valley warm spring areas. 

The next regional warm springs area downgradient from the Hot Creek area in 
southern White River Valley is the Alamo warm springs area in Pahranagat Valley. Three 
large (Hiko, Crystal, and Ash springs) and one smaller (Little Ash Spring) regional warm 
springs discharge in this area. The springs have a discharge-weighted isotopic composition of 
-108.9 and -14.26‰. The local recharge to Pahranagat Valley has average isotopic values of 
-94.9 and -12.83‰ for the south Pahroc Range and -98.4 and -14.24‰ for the Mount 
Irish/Pahranagat Range (Appendices 1 and 2). As with the other warm spring areas of the 
WRFS, the source of these warm springs is not local recharge from mountains surrounding 
Pahranagat Valley; rather, the source is interbasin flow and for this area that inflow is from 
Pahroc Valley. 

Calculated deuterium values for the SNWA water budget indicate that the recharge 
and ET estimates above the Alamo warm springs area in Pahranagat Valley and interbasin 
flows result in an acceptable match to measured values (Table 3). The model-calculated 
oxygen-18 values are an excellent match for one model and a good match for the other 
model. SNWA/BARCAS water-budget-calculated deuterium values are not acceptable for 
either model, but calculated oxygen-18 values are in the acceptable range for both models. 
The calculated deuterium value for the Reconnaissance Report Series water budget model 
that mixes local recharge and ET to meet ET demands is a good match with the measured 
value, but the calculated oxygen-18 value for this model is outside the acceptable range when 
compared to the measured value. Calculated deuterium and oxygen-18 values for the 
Reconnaissance Report Series water budget for the model that uses local recharge to meet ET 
demands before any regional interbasin flow groundwater is used to meet ET demands are 
both outside the range of an acceptable match with measured values. Thus, the isotope mass-
balance models show that the SNWA water budget is the only water budget that produces 
acceptable deuterium and oxygen-18 values for the Alamo warm springs area in Pahranagat 
Valley. 

The Muddy River Springs area in Upper Moapa Valley is the most downgradient 
warm springs discharge area of the WRFS, so it is the most important site for isotope 
mass-balance water budget and interbasin flow evaluations, because these regional warm 
springs integrate all recharge, discharge, and interbasin flows in the WRFS above this 
discharge area. Additionally, because the Muddy River Springs area is downgradient of and 
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receives flow from the MVWFS, this warm spring discharge area also provides an evaluation 
point for the MVWFS, which will be discussed later in this report. 

Coyote Springs Valley is the basin immediately upgradient of Upper Moapa Valley, 
from which the Muddy River Springs receive most of their flow (37,700 afy), with an 
additional 4,000 afy coming from Lower Meadow Valley Wash for the SNWA and 
SNWA/BARCAS water budgets and interbasin flow routing. Groundwater discharging from 
Muddy River Springs has flow-weighted average deuterium and oxygen-18 values of -97.8 
and -12.90‰, respectively. The mass-balance model-calculated deuterium values for the 
SNWA and SNWA/BARCAS water budgets and interbasin flows are all excellent matches 
with the discharge-weighted average value (Table 3) and the oxygen-18 values are good to 
acceptable matches, except for model 2 which is 0.01‰ less than the acceptable range for 
oxygen-18 (Table 3). The mass-balance model-calculated deuterium and oxygen-18 values 
for the Reconnaissance Report Series water budget and interbasin flow were significantly 
less than the acceptable values for both models (Table 3). In summary, the SNWA and 
SNWA/BARCAS water budgets and interbasin flows produced isotope mass-balance 
model-calculated isotopic values that were acceptable for all four models, except for one 
oxygen-18 value that was 0.01‰ more negative than an acceptable match for the average 
measured value. The isotope mass-balance-calculated deuterium and oxygen-18 values for 
the Reconnaissance Report Series water budget were not even close to producing acceptable 
values.  

In summary, the isotope mass-balance models that produced the most consistent and 
acceptable models for calculated deuterium and oxygen-18 values for all four of the hot 
spring areas in the WRFS used the SNWA (2007) water budget and interbasin flows. The 
isotope mass-balance models using the SNWA/BARCAS water budget and interbasin flows 
were also acceptable matches with measured values except for the Alamo hot springs area in 
Pahranagat Valley where the models did not produce calculated deuterium values that were 
acceptable matches with measured values. The isotope mass-balance models using the 
Reconnaissance Report Series water budget and Eakin (1966) interbasin flows only produced 
acceptable calculated isotopic values for the White River Valley hot spring areas, with the 
exception of one calculated deuterium value for the Alamo hot springs area in Pahranagat 
Valley. In conclusion, only the SNWA (2007) water budget and interbasin flows produced 
acceptable results for regional hot spring areas in the isotopic mass-balance model 
evaluations of the three different water budgets. 
Consolidated Rock Wells with Warm Regional Groundwater 

Wells completed in consolidated rock with warm regional groundwater that are not in 
regional warm spring discharge areas can be used to evaluate interbasin flow and water 
budgets. In the WRFS, starting with upgradient valleys in the north and moving 
downgradient to the south, the first consolidated rock wells encountered are south of White 
River Valley. As noted earlier in this report, warm water in wells completed in consolidated 
rock is assumed to represent interbasin flow from upgradient basins. The USGS-MX well 
(CV-DT-1) south of and downgradient from southern White River Valley is completed in the 
carbonate-rock aquifers and is located in northwest Coal Valley in a low-altitude pass 
between Coal and Garden valleys (Plate 1 and Appendix 3). The isotopic content of water in 
this well is -109.0 and -14.56‰ for deuterium and oxygen-18, respectively. The source of 
water for this well, in all six mass-balance models, is assumed to be interbasin flow from 
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Garden Valley. The model-calculated isotopic composition of Garden Valley inflow to Coal 
Valley is -104.7 and -14.08‰, except for the Reconnaissance Report Series water budget 
mass-balance models, which have calculated deuterium values of -104.2 and -104.5‰ and 
calculated oxygen-18 values of -14.00 and -14.06‰. The Reconnaissance Report Series 
water-budget-calculated isotopic values for Garden Valley interbasin flow to Coal valley are 
similar to the SNWA and SNWA/BARCAS water-budget-calculated values because this 
interbasin flow is only local recharge to Garden Valley, which has a similar isotopic 
composition in all six models. The mass-balance-calculated values for Garden Valley inflow 
to this well are significantly higher (more than 4 and 0.4‰ more positive in deuterium and 
oxygen-18, respectively) than the average measured values for water in the well (Table 4). 
This difference between calculated and measured values indicates that there is likely some 
interbasin flow from southern White River Valley to Coal Valley in the area of this well 
(Plates 1 and 2). Southern White River Valley groundwater outflow is isotopically lighter 
than Garden Valley recharge and the water in the Coal Valley well in all six isotope mass-
balance models (appendix 2). Thus, mixing some outflow from southern White River Valley 
with some Garden Valley recharge could produce calculated isotopic values similar to 
measured values in this northern Coal Valley well. Having some interbasin flow from 
southern White River Valley to Coal Valley, instead of all interbasin flow going to Pahroc 
Valley, is possible given the geology along the boundary between southern White River 
Valley and Coal Valley (SNWA, 2007). Having some southern White River Valley 
groundwater flow into Coal Valley would have no effect on the water budget mass-balance 
calculations in the WRFS, because there is no groundwater ET in Coal Valley and all Coal 
Valley groundwater is assumed to flow into Pahroc Valley. 

A second consolidated rock well with warm water (Fugro Dry Lake V Deep Well; 
Appendices 2 and 3) is located just south of White River and Cave valleys near the 
topographic divide between northern Dry Lake and northern Pahroc valleys (Plates 1 and 2). 
Water in this well has deuterium and oxygen-18 values of -107.5 and -14.16‰, respectively. 
Interbasin flow into northwestern Dry Lake Valley is most likely from southern Cave Valley 
because the geology and geologic structure along the southeastern part of Cave Valley and 
northwestern Dry Lake Valley are conducive to interbasin flow in this area (SNWA, 2007). 
In the mass-balance models, this interbasin flow is shown as entering northeastern Pahroc 
Valley, which it may do before flowing into northwestern Dry Lake Valley. Cave Valley 
outflow has a calculated isotopic content of -106.5 and -14.28‰ (1.0 and 0.12‰ different 
from measured values) for the mass-balance models using SNWA and SNWA/BARCAS 
water budgets, so the well water isotopic data support interbasin flow from Cave Valley as 
the source of this well water (Table 4). The Reconnaissance Report Series water budget was 
routed using Eakin’s 1966 interbasin flow routing, so no interbasin flow to Dry Lake Valley 
is included in these mass-balance models. The calculated deuterium and oxygen-18 values of 
local recharge for these mass-balance models was -98.9 and -13.10‰ (8.6 and 1.06‰ 
different than measured values) for the Reconnaissance Report series water budget. Clearly, 
given the local recharge isotopic values, local recharge is not the source of the warm water in 
the well. 
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Table 4.   A comparison of the difference between measured and calculated deuterium and oxygen-18 values for wells completed in 
consolidated rock that contain warm (>20 oC) water for the WRFS that are outside of regional warm spring areas.  Models 1 and 2 are 
for the SNWA water budget; models 3 and 4 are for the SNWA/BARCAS water budget; models 5 and 6 are for the Reconnaissance 
Report Series water budget.  Models 1, 3, and 5 are for ET that is a mixture of local recharge and interbasin flow and models 2, 4, and 
6 are for ET that uses local recharge first to satisfy ET demands.  Positive values show that calculate values are less negative than 
measured values and negative values show that calculated values are more negative than measured values. 

 
Warm Spring Discharge 

 Area or Well 
Model 1 
δD 

 (‰) 

Model 1 
δ18O 
 (‰) 

Model 2 
δD 

 (‰) 

Model 2 
δ18O 
 (‰) 

Model 3 
δD 

 (‰) 

Model 3 
δ18O 
 (‰) 

Model 4 
δD 

 (‰) 

Model 4 
δ18O 
 (‰) 

Model 5 
δD 

 (‰) 

Model 5 
δ18O 
 (‰) 

Model 6 
δD 

 (‰) 

Model 6 
δ18O 
 (‰) 

USGS-MX CV well 
(CV-DT-1) Coal Valley 

+4.3 +0.48 +4.3 +0.48 +4.3 +0.48 +4.3 +0.48 +4.8 +0.56 +4.5 +0.50 

Fugro Dry Lake V Deep 
Well North Dry Lake Valley 

+1.0 -0.12 +1.0 -0.12 +1.0 -0.12 +1.0 -0.12 +8.6 +1.06 +8.6 +1.06 

Well 181M1 
Dry Lake Valley 

-1.5 -0.61 -1.5 -0.61 -1.5 -0.61 -1.5 -0.61 +6.1 +0.57 +6.1 +0.57 

Well 181W909M 
Dry Lake Valley  

-1.9 -0.78 -1.9 -0.78 -1.9 -0.78 -1.9 -0.78 +5.7 +0.40 +5.7 +0.40 

Well 182W906M 
Delamar Valley 

+1.4 +0.21 +1.4 +0.21 +1.3 +0.21 +1.3 +0.21 +1.4 +0.23 +1.4 +0.23 

Well 209M-1 
Pahranagat Valley 

-0.3 -0.51 -0.9 -0.57 +0.7 -0.39 +0.4 -0.42 -6.6 -1.24 -9.7 -1.56 

Average of 11 wells 
Coyote Springs Valley  

+1.1 -0.24 +0.4 -0.17 +1.8 -0.14 +1.3 -0.17 -7.2 -1.26 -9.8 -1.52 

Wells in Upper Moapa 
Valley 

-0.8 -0.28 -1.6 -0.34 -0.2 -0.19 -0.9 -0.24 -9.3 -1.32 -11.9 -1.59 

Wells in Garnet Valley -2.4 0.00 -3.0 -0.03 -1.7 +0.10 -2.1 +0.08 +15.9 +2.72 +15.9 +2.72 

Wells in California Wash V. +1.2 +0.33 +0.1 +0.23 +1.7 +0.39 +0.7 +0.30 -4.8 -0.37 -7.1 -0.60 
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Dry Lake Valley also contains two wells in addition to the USGS MX well completed 
in consolidated rock that were recently drilled by SNWA. These two wells (181M1 and 
181W909M; appendices 2 and 3 and Plates 1 and 2) are located in west- central and 
southeastern Dry Lake Valley. They were developed before sampling by removing a volume 
of water approximately equal to the volume used in drilling the wells. Thus, the isotopic data 
should be representative of the regional groundwater in the area of the wells, but the samples 
may contain some drilling fluid mixed with the regional groundwater. The samples from the 
two Dry Lake Valley wells have measured deuterium and oxygen-18 values of -105.0 and 
-104.6 and -13.67 and -13.50‰, respectively. The source of this water is Cave Valley, the 
same as for the northern Dry Lake Valley well. The mass-balance model-calculated 
deuterium values for these two wells for both the SNWA and SNWA/BARCAS water 
budgets are an excellent match to measured values. However, neither well has an acceptable 
mass-balance model-calculated oxygen-18 value for the SNWA or SNWA/BARCAS water 
budgets. The mass-balance model-calculated deuterium and oxygen-18 values for these two 
wells for the Reconnaissance Report Series water budget and Eakin (1966) interbasin flow 
routing exceed the acceptable range, except for oxygen-18 for well 181W909M, which is 
right at the limit of the acceptable range (Table 4). Thus, the isotope mass-balance models 
show that the SNWA and SNWA/BARCAS water budgets and interbasin flows produce an 
excellent match to measured deuterium values, but none of the mass-balance models produce 
an acceptable calculated oxygen-18 value. The more negative calculated oxygen-18 than 
measured values, indicates that some local recharge, which has more positive oxygen-18 
values then Cave Valley interbasin flow, may be mixing with the interbasin flow from Cave 
Valley as it flows south to these two wells. 

Downgradient from Pahroc Valley a consolidated rock well with warm water (well 
209M-1) is located in northeastern Pahranagat Valley near the topographic divide between 
Pahranagat and Delamar valleys (Plates 1 and 2). This well water has deuterium and 
oxygen-18 values of -104.7 and -13.53‰, respectively. The location of the well indicates that 
the source of this groundwater is inflow from Pahroc Valley, which is immediately 
upgradient from Pahranagat Valley. For the SNWA water budget, mass-balance-calculated 
deuterium values for the two models are -105.0 and -105.6‰ and for oxygen-18 are -14.04 
and -14.10‰ and for the SNWA/BARCAS water budget they are -104.0 and -104.3‰ and -
13.92 and -13.95‰, respectively. For deuterium, all four of these model-calculated values 
are excellent matches with measured values, however, for oxygen-18 only one of the 
SNWA/BARCAS calculated values is an acceptable match and all the others are outside the 
acceptable range (Table 4). The location of the well in the South Pahroc Range recharge area 
and very near the topographic divide with Delamar Valley, along with the less negative 
oxygen-18 value than interbasin flow from Pahroc Valley, indicates that this well may be 
mixing some local recharge and/or inflow from Dry Lake Valley (with less negative oxygen-
18 water) with regional groundwater flow in this area. All calculated isotopic values for the 
mass-balance model using the Reconnaissance Report Series water budget are significantly 
less than acceptable values as compared to the measured values (Table 4). 

Wells completed in consolidated rock with warm water that are present in the WRFS 
before the next downgradient warm spring area in Upper Moapa Valley (Big Muddy Springs 
area) are in Delamar and Coyote Springs valleys. Delamar Valley contains Well 182W906M. 
Before sampling, this well was developed by removing a volume of water approximately 
equal to the volume used in drilling the well. Thus, the isotopic data for this well should be 
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representative of the regional groundwater in the area of the well, but the sample may contain 
some drilling fluid mixed with the regional groundwater. Water in this well should be 
regional groundwater inflow from upgradient Dry Lake Valley. Water from this well has a 
deuterium value of -100.3‰ and an oxygen-18 value of -13.33‰. All six mass-balance 
models produced calculated deuterium values that are excellent matches with the measured 
value and oxygen-18 values that are good matches with the measured value. Mass-balance 
model results show that SNWA, SNWA/BARCAS, and Reconnaissance Report Series water 
budgets and routing all indicate that water in this well is from interbasin flow from Dry Lake 
Valley (Table 4). 

Downgradient of Pahranagat, Delamar, and Kane Springs valleys is Coyote Springs 
Valley. Numerous wells have recently been completed in the valley in consolidated rock, 
developed by aquifer testing, and sampled for chemical and isotopic analyses (Acheampong 
et al., 2007; and Stephen Acheampong, SNWA, written commun., 2007). The average 
isotopic content of water from 11 wells in Coyote Springs Valley with warm regional 
groundwater was used for evaluating water budgets and interbasin flow. Three of the 14 
wells with isotopic data in the valley were not used in determining the average isotopic 
composition of interbasin flow because two of the wells are shallower than a nearby well and 
contain local recharge (wells CSVM-7 and VF-1) and one well is located on the Sheep Range 
alluvial fan (CSVM-5) and contains primarily recharge water from the Sheep Range. The 
average isotope values of the 11 well waters are -100.7‰ for deuterium and -13.11‰ for 
oxygen-18. The calculated deuterium and oxygen-18 values for interbasin flow into Coyote 
Springs Valley for the SNWA water budget and interbasin flows is -99.6 and -100.3‰ for 
deuterium and -13.35 and -13.38‰ for oxygen-18. The calculated deuterium values are 
excellent matches for the average measured value and one of the calculated oxygen-18 values 
is an excellent match and the other is a good match with the average measured value. For the 
SNWA/BARCAS water budget, mass-balance model-calculated deuterium and oxygen-18 
values are excellent matches for the average measured values (Table 4). All calculated 
isotopic values for the mass-balance model using the Reconnaissance Report Series water 
budget are significantly less than acceptable values when compared to the measured values 
(Table 4). 

Upper Moapa, Garnet, and California Wash valleys are all downgradient of Coyote 
Springs Valley and they contain wells completed in consolidated rock with warm water. The 
source of almost all of this groundwater is water in the carbonate-rock aquifers flowing out 
of the Coyote Springs Valley area. This interbasin flow has a deuterium composition of -99.9 
to -99.3‰ and an oxygen-18 composition of -13.35 to -13.32‰ for the SNWA water budget. 
A comparison of the average isotopic values of these well waters with mass-balance-
calculated values shows that deuterium values are good to excellent matches and oxygen-18 
values range from excellent to acceptable matches with measured values (Table 4). The 
calculated isotope values for the SNWA/BARCAS water budget are all excellent to good 
matches with measured values, except for one oxygen-18 value, which was an acceptable 
match with measured values (Table 4). For Upper Moapa, Garnet, and California Wash 
valleys, all calculated isotopic values for the mass-balance model using the Reconnaissance 
Report Series water budget are significantly less than acceptable values when compared to 
the measured values, except for one acceptable oxygen-18 value for California Wash Valley 
(Table 4). 
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Lower Moapa Valley has two wells in the Weiser Wash area with isotopic data (EH-
3, EH-7) that may be completed in consolidated rock. These wells have deuterium and 
oxygen-18 values of -91.0 (both wells) and -12.70 and -12.45‰, respectively. These wells do 
not reflect regional groundwater from the WRFS in this area (California Wash interbasin 
flow), rather they are most similar to the calculated isotope values of groundwater in Lower 
Meadow Valley Wash (-93.5 and -12.59‰; appendix 2). Thus, the source of these well 
waters, which are located north of California Wash and east of Lower Meadow Valley Wash 
(Plates 1 and 2), is interbasin flow from Lower Meadow Valley Wash near the area where 
interbasin flow enters California Wash. 

The Black Mountains area basin contains several small springs that discharge both 
local recharge and regional groundwater (Pohlman et al., 1998). Three springs located in the 
southern part of the basin—Bitter, Cottonwood, and Sandstone springs—are cold (<20 oC) 
alluvial springs that discharge local recharge. There is no recharge to this area in the SNWA 
water budget, so either this small amount of discharge is overlooked as low-altitude recharge 
in the water budget or there is some low-altitude recharge from other nearby basins that 
discharge from these springs. In the Black Mountains area, there is a second group of springs 
in the eastern part of the basin. The two largest of these springs, Rogers and Blue Point 
springs, discharge directly out of carbonate rock and they are warm (>20 oC). Their 
deuterium and oxygen-18 compositions are -91.7 and -92.6‰ and -12.33 and -12.40‰, 
respectively. The proposed source of this water is inflow from California Wash. However, 
the calculated isotopic composition of inflow for the SNWA and SNWA/BARCAS water 
budgets ranges from -98.9 to -97.3‰ for deuterium and -13.22 to -13.06‰ for oxygen-18 
(Appendix 2), which are outside the acceptable range for this to be the source of water for 
these springs. Possible sources of this water are: (1) interbasin flow directly from southern 
Lower Meadow Valley Wash to the springs (-96.3 to -93.5‰ for deuterium and -12.92 to 
-12.59‰ for oxygen-18 for SNWA and SNWA/BARCAS water budgets [Appendix 2]); or 
(2) regional flow from either California Wash or Lower Meadow Valley Wash that has 
mixed with local recharge, which is isotopically heavier (more positive) than the spring 
discharge in this area (Appendix 2). 

In summary, the isotope mass-balance models produced similar and acceptable results 
for calculated deuterium and oxygen-18 values for wells completed in consolidated rock with 
warm water using the SNWA (2007) or the SNWA/BARCAS water budgets and interbasin 
flows. The isotope mass-balance models using the Reconnaissance Report Series water 
budget and Eakin (1966) interbasin flow routing only produced acceptable calculated 
isotopic values for wells in Dry Lake Valley, Well 182-906M in Delamar Valley, and wells 
in California Wash Valley. 

White River Flow System Water Chemistry 

An overview evaluation of water chemistry data for groundwater in the WRFS was 
performed by plotting water chemistry data on a trilinear diagram. Plotting water chemistry 
data for cold (<20oC) and warm (>20oC) springs discharging from and wells completed in the 
carbonate-rock aquifers of the WRFS on a trilinear diagram (Figure 15) shows that the water 
chemistry is generally similar from north to south down the flow system until Coyote Springs 
Valley. Groundwater flowing down the WRFS is generally a Ca-Mg-HCO3-type water until 
the groundwater encounters evaporative salts, likely gypsum or anhydrite and halite, in the 
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southern part of the flow system. As groundwater flows through Coyote Springs Valley and 
into Upper Moapa Valley, evaporative salts are added to the water before it discharges in the 
Muddy River Springs area. This is observed on the trilinear plot as the concentrations of 
sodium (Na), sulfate (SO4), and chloride (Cl) increase from the warm springs in Pahranagat 
Valley to the carbonate wells in Coyote Springs Valley to the warm springs and wells 
completed in the carbonate-rock aquifer in the Muddy River springs area.  
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Figure 15.  Trilinear plot of White River flow system water chemistry (from Thomas et al., 2001, 
Figure 6). 

Meadow Valley Wash Regional Groundwater Flow System 

Mifflin (1968) and Emme (1986) described regional groundwater flow in the 
MVWFS. The original flow delineations by Mifflin (1968) and Emme (1986) for parts of the 
MVWFS were further developed by the LVVWD (2001) and Thomas et al. (2001). 
Groundwater levels in the MVWFS show that groundwater recharged as far north as Lake 
Valley flows through Patterson Valley to Panaca Valley and as far to the northeast as Spring 
Valley (the Spring Valley southeast of Lake Valley and south of Spring Valley that has U.S. 
Highway 50 going through it and Snake Valley) flows through Eagle, Rose, and Dry valleys 
into Panaca Valley (Figures 2 and 14; Thomas et al., 2001). Panaca Valley groundwater 
flows into Meadow Valley Wash as does groundwater flowing out of Clover Valley. As 
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described for the White River regional flow system, groundwater in Meadow Valley Wash 
flows south into Upper Moapa and California Wash valleys. 

In the MVWFS, regional warm springs that can be used to evaluate the isotope mass-
balance models are present only in Panaca Valley. Panaca Warm Spring is a large spring 
discharging from the carbonate-rock aquifers in northern Panaca Valley and Caliente Hot 
Springs discharge from the carbonate rock aquifers in the southern part of Panaca Valley. 
The regional warm springs in the Muddy River springs area of the WRFS provide an 
additional evaluation point for calculated isotopic values for the MVWFS water budgets, 
because groundwater in the MVWFS flows into the WRFS in the area of the Muddy River 
Springs. In addition, there are small warm springs (flow < 50 afy) in the MVWFS that may 
represent interbasin flow or interbasin flow mixed with local recharge that can also be used 
to evaluate the mass-balance models. These smaller warm springs are Flat Nose Spring in 
Dry Valley, Bennett Spring in the west-central part of Panaca Valley, and Kershaw-Ryan 
Spring #1 in the northeastern part of Lower Meadow Valley Wash (Plates 1 and 2). Although 
the MVWFS does not contain consolidated rock wells with warm water that can be used to 
evaluate interbasin flow and water budgets for the MVWFS, as were present in the WRFS, 
the MVWFS does have alluvial wells with warm (>20 oC) water. These alluvial wells with 
warm water include Panaca Town, Lester Mathews, and North Lee wells in the Panaca Warm 
Spring area and the Railroad well (Farrier), EH-6 well, and EH-8 well in the southernmost 
part of Lower Meadow Valley Wash. 

Meadow Valley Wash Flow System Isotope Mass-balance Models 

The stable isotope mass-balance models developed for the MVWFS for this study 
include the same area as the Thomas et al. (2001) study. However, this study includes a 
significant amount of new data (about 450 new analyses) to help define the isotopic content 
of groundwater recharge areas both spatially and temporally and new recharge and 
groundwater ET estimates (SNWA, 2007; Welch and Bright; 2007). 
Model Development and Results  

Stable isotopes of water were used to evaluate water budgets and interbasin flows for 
the MVWFS by determining average deuterium and oxygen-18 values for all recharge and 
groundwater ET areas in the study area and tracking the volumes of recharge added to and 
ET removed from the MVWFS throughout the study area. For a water budget to be a 
reasonable estimate of recharge and ET, calculated isotopic values for regional spring 
discharge areas and small warm springs have to be similar to measured values. No wells 
completed in consolidated rock with warm (>20 oC) water from the regional flow system 
were identified in the MVWFS that could be used to help evaluate water budgets and 
interbasin flow, but some wells completed in alluvium contained warm water and they were 
used to help evaluate interbasin flows and water budget estimates. 

To use a stable isotope mass-balance model for evaluating water budgets in regional 
flow systems, there needs to be an easily identifiable range in isotopic values throughout a 
flow system. A range in isotopic values is needed to identify inputs from different recharge 
areas and interbasin flow in a regional flow system. Fortunately, in the MVWFS deuterium 
and oxygen-18 vary greatly from Lower Meadow Valley Wash in the south to Lake Valley in 
the north. A plot of deuterium versus oxygen-18 (Figure 16) shows that isotopic values 
increase (become less negative) from north to south. This 25.5‰ increase in recharge area 
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deuterium values, from -112.0‰ in Lake Valley in the northern MVWFS to -86.5‰ in 
Lower Meadow Valley Wash in the southern MVWFS and the 3.64‰ increase in recharge 
area oxygen-18 values, from -15.10‰ in Lake Valley in the north to -11.46‰ in Lower 
Meadow Valley Wash in the south (Appendices 1 and 2 and plate 2), makes deuterium and 
oxygen-18 excellent tracers for water budget evaluations in the MVWFS. 

 
Figure 16.  Plot of deuterium versus oxygen-18 for samples in the Meadow Valley Wash flow 

system. Meteoric Water Line from Craig (1961). 

 

The water budgets evaluated in this report are based on estimates of recharge for the 
different mountainous recharge areas in a valley and predevelopment ET. Groundwater 
interbasin flow directions for the SNWA, SNWA/BARCAS, and Reconnaissance Report 
series water budgets are the same with groundwater flowing downgradient from northern 
valleys (Lake and Spring valleys) to Lower Meadow Valley Wash in the south and the 
amount of interbasin flow is recharge plus interbasin flow that is in excess of ET in a valley. 
As noted earlier in this report, three different water budgets were evaluated in this study: (1) 
new SNWA recharge and predevelopment ET rates (SNWA, 2007); (2) new SNWA recharge 
and ET rates combined with BARCAS study ET rates (SNWA, 2007; Welch and Bright, 
2007; BARCAS ET rates were used in place of new SNWA recharge rates for Lake Valley in 
the MVWFS); and (3) Reconnaissance Report series recharge and ET rates. The ET values 
are for predevelopment conditions and do not include ET from fields irrigated by 
groundwater, but they do include spring discharge. 

The isotope mass-balance models are used to evaluate MVWFS water budgets by 
determining if estimated recharge and ET rates and interbasin flows within the MVWFS are 
consistent with the deuterium and oxygen-18 data (Table 3 and Appendix 3). If mass-balance 
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model-calculated deuterium and oxygen-18 values are similar to measured values for 
regional warm springs, then the proposed water budgets are reasonable. In contrast, if mass-
balance model-calculated deuterium and oxygen-18 values are significantly different than 
measured values for regional warm springs, then the proposed water budgets are not 
reasonable, or interbasin flow routing may be incorrect. In addition to regional warm springs, 
small warm springs and alluvial wells containing warm water are used as additional 
evaluation points in the MVWFS. Similar to the regional warm springs, the isotopic content 
of groundwater in small springs and warm water wells needs to be similar to the calculated 
value for the proposed interbasin flows and water budgets to be reasonable. The isotopic 
mass-balance models are not used for determining how much recharge should be assigned to 
each recharge area or how much ET should be assigned to each valley; rather, the models 
evaluate whether the assigned recharge and ET values and interbasin flows are consistent 
with the stable isotope data of the MVWFS. The isotopic mass-balance models are 
nonunique; a reasonable result confirms the viability of a proposed water budget but it does 
not prove that the water budget is correct. An isotopic mass-balance model can be used to 
eliminate unrealistic water budget estimates, or interbasin flows, and to help identify areas 
where water budgets and/or interbasin flows need to be better understood. 
Regional Warm Springs 

The same approach that was used for evaluating water budgets and interbasin flows 
for the WRFS with the isotope mass-balance model was used for the MVWFS. In the 
MVWFS, the only valley with large regional warm springs is Panaca Valley. Panaca warm 
spring in northern Panaca Valley has average measured deuterium and oxygen-18 values of 
-106.9 and -14.14‰, respectively, for 13 samples (Table 2). Interbasin flows from Patterson 
and Dry valleys into Panaca Valley are about 6 to 8‰ more positive for deuterium and 0.7 to 
1.0‰ more positive for oxygen-18 than isotope mass-balance-calculated interbasin flows for 
the SNWA and SNWA/BARCAS water budgets. The only groundwater in carbonate-rock 
aquifers of the MWVFS with similar isotopic values to that of Panaca Spring is groundwater 
in Lake Valley. Panaca Spring discharges out the southern part of the highly faulted 
carbonate rocks of the Pioche Hills. Thus, the source of this carbonate aquifer water is likely 
interbasin flow from Lake Valley that flows under Patterson Valley alluvial and volcanic 
rock aquifers in carbonate-rock aquifers to Panaca Spring. Some of this flow passes through 
volcanic rock aquifers before discharging from carbonate-rock aquifers as indicated by the 
presence of elevated sodium and potassium concentrations as compared to other carbonate-
rock aquifer groundwaters in the MVWFS (see Meadow Valley Wash Flow System Water 
Chemistry section in report). Isotope mass-balance model-calculated deuterium and oxygen-
18 values for the SNWA, SNWA/BARCAS, and Reconnaissance Report series water 
budgets are an excellent match to measured values at Panaca Spring if the source of the 
spring is Lake Valley interbasin flow (Table 3). The lack of isotopic data for groundwater in 
Patterson Valley, only one site (Dodge Well) in the northern part of the valley with 
deuterium and oxygen-18 values -107.0 and -14.20‰, respectively, prohibits the 
determination of isotopic values for groundwater in the carbonate-rock aquifers in the valley. 
Although the cold (< 20 oC) water in this alluvial well has deuterium and oxygen-18 values 
that are very similar to Panaca Spring (Appendix 3), so this northern Patterson Valley 
groundwater may be representative of interbasin flow out of Lake Valley in the carbonate-
rock aquifer. In summary, recharge to Lake Valley is the most likely source of water 
discharging from Panaca Spring. 
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The Caliente Hot Springs in southern Panaca Valley also have measured deuterium 
and oxygen-18 values similar to Lake Valley recharge (-107.9 and -14.44‰ for the average 
of 8 samples). Isotope mass-balance model-calculated deuterium values are a good match 
and calculated oxygen-18 values are an acceptable match for measured values for the SNWA 
and SNWA/BARCAS water budgets and interbasin flows (Table 3). Isotope mass-balance 
model-calculated deuterium and oxygen-18 values for the Reconnaissance Report series 
water budget and interbasin flows are an excellent match to measured values for the Caliente 
Hot Springs (Table 3). Thus, recharge to Lake Valley appears to be the source of water 
discharging from the Caliente Hot Springs. 

The Muddy River springs area in Upper Moapa Valley receives interbasin flow from 
Lower Meadow Valley Wash at the terminus of the MVWFS, thus these regional warm 
springs also provide information that can be used to evaluate water budgets and interbasin 
flow for the MVWFS. As described above for the WRFS, the mass-balance model-calculated 
deuterium values for the SNWA and SNWA/BARCAS water budgets and interbasin flows 
are all excellent matches with the discharge-weighted average value (Table 3) and the 
oxygen-18 values are good to acceptable matches, except for model 2, which is 0.01‰ less 
than the acceptable range for oxygen-18 (Table 3). The mass-balance model-calculated 
deuterium and oxygen-18 values for the Reconnaissance Report series water budget and 
interbasin flow were significantly less than the acceptable values for both models (Table 3). 
In summary, the mass-balance-calculated isotopic values for springs in the Muddy River 
Springs area show that the SNWA and SNWA/BARCAS water budgets for the MVWFS is 
supported by the mass-balance models. However, interbasin flow to the Muddy River 
Springs area from the MVWFS is only about 10 percent of the interbasin flow to this area, so 
although isotope mass-balance models for the Muddy Springs area support the SNWA and 
SNWA/BARCAS MVWFS water budgets, a strong statement cannot be made about water 
budgets and interbasin flows of the MVWFS using mass-balance model results for the 
Muddy River Springs area data. 

In summary, the isotope mass-balance models produced excellent matches for 
calculated deuterium and oxygen-18 values with measured values for Panaca Spring for all 
six water budgets. The isotope mass-balance models produced good matches for calculated 
deuterium values and acceptable values for calculated oxygen-18 values with measured 
values for Caliente Hot Spring for the SNWA and SNWA/BARCAS water budgets. The 
isotope mass-balance models produced excellent matches for calculated deuterium and good 
matches for calculated oxygen-18 values for Caliente Hot Spring for the Reconnaissance 
Report series water budget. Some interbasin flow moves from the MVWFS to the WRFS in 
the Muddy River Springs area, so this also provides information that can be used to evaluate 
water budgets for the MVWFS. The SNWA and SNWA/BARCAS water budgets produce 
excellent to acceptable matches for calculated and measured values for the Muddy River 
Springs and the Reconnaissance Report series water budget does not. 
Small Warm Springs and Alluvial Wells with Warm Water 

In addition to regional warm spring areas in the MVWFS, small warm springs and 
alluvial wells with warm water, which are likely fed by regional groundwater flow, are also 
present. These small warm springs and alluvial wells with warm water provide additional 
data that can be used to evaluate water budgets and interbasin flow. In the MVWFS, going 
from north to south down the hydraulic gradient the valleys with small warm springs and 
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alluvial wells with warm water are Dry, Panaca, and Lower Meadow Valley Wash valleys. 
Flat Nose Spring in Dry Valley has measured deuterium and oxygen-18 values of -101.0 and 
-13.40‰, respectively. The SNWA and SNWA/BARCAS water budget mass-balance 
models have calculated deuterium values of -99.3 and -99.2‰ and oxygen-18 values of 
-13.25 and -13.24‰, respectively, for interbasin flow into Dry Valley from Rose Valley. 
These calculated values are excellent matches with measured values for both deuterium and 
oxygen-18 (Table 3). The Reconnaissance Report Series water budget mass-balance models 
produced calculated deuterium and oxygen-18 values that were good matches with measured 
values for both deuterium and oxygen-18 (Table 3). Thus, the isotope mass-balance 
model-calculated deuterium and oxygen-18 values support the proposed water budgets and 
interbasin flows above Dry Valley in the MVWFS. 

The next downgradient valley with a small warm spring is Panaca Valley. Bennett 
Spring is located in the west-central part of Panaca Valley. The measured isotopic content of 
this spring is -103.0 and -13.70‰, for deuterium and oxygen-18, respectively. The source of 
this spring water could be deep interbasin flow from Lake Valley, inflow from Patterson 
Valley, or a mixture of regional flow with local recharge. The mass-balance-calculated 
deuterium values are an excellent match with measured values for 3 of the 4 models and a 
good match for the other model and calculated oxygen-18 values are a good match with 
measured values for 3 of the 4 models and an acceptable match for the other model for 
Patterson Valley interbasin flow being the source of this spring for the SNWA and 
SNWA/BARCAS water budgets. If the source of Bennett Spring was interbasin flow from 
Lake Valley rather than Patterson Valley, the mass-balance calculated deuterium values are a 
good match with measured values for 4 models and calculated oxygen-18 values are an 
acceptable match with measured values for the SNWA water budget but they not an 
acceptable match for the SNWA/BARCAS water budget. The mass-balance models using the 
Reconnaissance Report series water budget produce similar results (Table 3). Thus, the most 
likely source of Bennett Spring is interbasin flow from Patterson Valley because all three 
water budgets produce excellent to good matches for calculated isotopic values with 
measured values, with the exception of one model-calculated oxgygen-18 value, which 
produced an acceptable match. 

Three alluvial wells with warm water are located in the Panaca Warm Spring area—
Panaca Town, Lester Mathews, and North Lee wells. The Panaca Town well water has 
similar deuterium and oxygen-18 values as Panaca Spring and thus likely has the same 
source water. The other two wells contain water with deuterium and oxygen-18 values that 
are more positive than Panaca Spring and more negative than local recharge, so the water in 
these wells is likely a mixture of regional groundwater in the Panaca Spring area with local 
recharge and/or inflow to the valley from Patterson and Dry valleys. This mixture is needed 
to produce calculated oxygen-18 values that are an acceptable, or better, match with 
measured values. 

Downgradient of Panaca Valley is Meadow Valley Wash. Kershaw-Ryan Spring #1 is 
located in the northeastern part of Lower Meadow Valley Wash. The spring has measured 
deuterium and oxygen-18 values of -95.1 and -13.11‰, respectively. These values are more 
negative than recharge from the adjacent Clover Mountains (-90.4 and -12.25‰), so this 
small warm spring likely is interbasin flow rather than local recharge. Both Panaca and 
Clover valleys flow into northern Meadow Valley Wash. The inflow weighted-average 
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deuterium and oxygen-18 values for the SNWA and SNWA/BARCAS water budget models 
range from -100.1 to -95.5‰ and -13.36 to -12.82‰, respectively. All mass-balance 
model-calculated deuterium values for the SNWA and SNWA/BARCAS water budgets were 
excellent matches with measured values and were good matches for calculated oxygen-18 
values with one calculated value being an excellent match to measured values (Table 3). The 
mass-balance model-calculated deuterium values for the Reconnaissance Report series water 
budget were outside of the acceptable level as compared to measured values, but the oxygen-
18 values were an excellent and good match with measured values (Table 3). The isotope 
mass-balance models support the SNWA and SNWA/BARCAS water budgets and interbasin 
flow into northern Lower Meadow Valley Wash from Panaca and Clover valleys. 

Alluvial wells with warm water in Lower Meadow Valley Wash are located in the 
southernmost part of the valley. These wells include the Railroad Well (Farrier), EH-6, and 
EH-8 in the Weiser Wash area (Plates 1 and 2 and appendix 3). These three wells have 
deuterium values ranging from -99.5 to -96.5‰ and oxygen-18 values ranging from -13.90 to 
-12.50‰. These wells appear to contain well-mixed carbonate aquifer water that is observed 
in the Muddy River Springs area in Upper Moapa Valley and at well CSV-2 in the northern 
part of Upper Moapa Valley about halfway between the Muddy River Springs area and the 
Railroad Well (Farrier). Regional groundwater in the Muddy River Springs area has 
deuterium values that range from -99.0 to -96.5‰ and oxygen-18 values that range from 
-13.05 to -12.45‰. The isotopic values of the alluvial wells with warm water fall within the 
range of Upper Moapa Valley regional groundwaters, except for two of the oxygen-18 values 
that are more negative than the Muddy River Springs area groundwater. 

In summary, the isotope mass-balance models produced similar and excellent to good 
matches for model-calculated deuterium and oxygen-18 values for small flowing warm 
springs for the SNWA (2007) and SNWA/BARCAS water budgets and interbasin flows. The 
isotope mass-balance models using the Reconnaissance Report series water budget produced 
excellent to good matches for calculated isotopic values for two of the three springs and for 
oxygen-18 for the third spring, but the calculated deuterium values were outside the 
acceptable range for the third spring. Alluvial wells with warm water in the MVWFS were 
only in the Panaca Spring area and in the southernmost part of Lower Meadow Valley Wash. 
These well waters had isotopic values that were generally in the range of model-calculated 
isotopic values for those areas.  

Meadow Valley Wash Flow System Water Chemistry 
An overview evaluation of water chemistry data for groundwater in the MVWFS was 

performed by plotting water chemistry data on a trilinear diagram. In contrast to groundwater 
chemistry in the WRFS, groundwater in the MVWFS shows marked differences because of 
the movement of groundwater through volcanic rock and alluvial aquifers that contain 
volcanic rock (Figure 17). Groundwater in Lake Valley and the mountains along the western 
boundary of the MVWFS, which are predominately carbonate rock, is a Ca-Mg-HCO3 water 
type, with the exception of one sample. Groundwater in the volcanic rocks of the MVWFS 
range from a Ca-Mg-HCO3-type water to a more Na- and K-rich groundwater. Groundwater 
from alluvial wells has a chemical composition that overlaps that of the volcanic rock aquifer 
groundwaters, but most samples contain more sulfate and chloride than either the volcanic 
rock or carbonate-rock groundwaters. Panaca Spring contains a mixed water chemistry with 
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more Na and K and generally more SO4 than the carbonate-aquifer groundwaters (Figure 17 
and Appendix 3). The increase in Na and K in Panaca Spring, as compared to other 
carbonate-rock aquifer groundwater, indicates that these waters have flowed through 
volcanic rock or alluvial aquifers containing volcanic rock minerals and dissolved Na- and 
K-rich minerals. 
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Figure 17.  Trilinear plot of Meadow Valley Wash flow system water chemistry (from Thomas et al., 
2001, Figure 8). 

 

Isotopic Mass-balance Model Sensitivity 

Sensitivity analysis of the isotope mass-balance models to changes in recharge and 
ET values was performed. The Muddy River Springs discharge area is the most 
downgradient regional warm spring area in the WRFS, so this spring area integrates all 
recharge and ET and interbasin flows above this spring discharge area. Additionally, there is 
some flow from the MVWFS that is also discharged in the Muddy River Springs area. Thus, 
Muddy River Springs is the best regional spring area in the study area to evaluate sensitivity 
of the isotope mass-balance models. Sensitivity analysis was performed for the two models 
that evaluated the SNWA (2007) water budget because: (1) this water budget had the best 
model results in terms of calculated isotopic values that most closely matched measured 
values throughout the study area, (2) the model results for the SNWA/BARCAS water 
budget were very similar to the SNWA water budget, so sensitivity analysis would produce 

SE ROA 46656

JA_14025



 43

similar results for both water budgets, and (3) the Reconnaissance Report series water budget 
did not produce acceptable isotope mass-balance model results for the Muddy River Springs 
area. 

The sensitivity analysis was performed in several steps. First, all recharge and ET 
values were increased and decreased by 20 percent because changing recharge and ET 
together by the same percent in the isotope mass-balance models should produce similar 
results as the original water budget. For increasing both recharge and ET by 20 percent, 
model 1 calculated deuterium increased by 0.1‰ and calculated oxygen-18 increased by 
0.01‰, and for model 2 the calculated values increase by 0.0 and 0.01‰. For decreasing 
both recharge and ET by 20 percent, model 1 calculated deuterium decreased by 0.1‰ and 
calculated oxygen-18 decreased by 0.02‰, and for model 2 the calculated values decrease by 
0.0 and 0.01‰. Thus, the concept of increasing or decreasing the current water budget 
recharge and ET estimates by the same amount will produce the very similar model results 
was proven to be valid. Next, only the recharge was increased by 10 percent while holding 
the ET the same. The calculated isotopic values increased by 1.4 and 1.7‰ and were 2.4 and 
3.4‰ more positive than measured values for deuterium and increased by 0.18 and 0.21‰ 
and were 0.52 and 0.61‰ more positive than measured values for oxygen-18. This shows 
that calculated deuterium values changed from excellent matches to good and acceptable 
matches wtih measured values and calculated oxygen-18 values changed from acceptable to 
unacceptable matches with measured values by simply increasing recharge rates by 10 
percent while maintaining the original ET rates. Decreasing ET by 10 percent while keeping 
recharge the same produced a similar range in calculated deuterium and oxygen-18 values as 
was observed for increasing recharge by 10 percent. Calculated deuterium and oxygen-18 
values were 2.4 and 3.5‰ and 0.53 and 0.62‰ greater than measured values, respectively, 
and calculated values were a good to acceptable match for deuterium and an unacceptable 
match for oxygen-18 as compared with measured values in both models. 

Next, recharge rates were increased and ET rates were decreased individually in the 
models by 20 percent. Increasing recharge by 20 percent while holding ET the same resulted 
in calculated isotopic values increasing by 2.4 and 2.9‰ to 3.4 and 4.6‰ more positive than 
measured values for deuterium and by 0.31 and 0.36‰ to 0.65 and 0.76‰ more positive than 
measured values for oxygen-18. A similar change in model-calculated deuterium and 
oxygen-18 values was observed for a 20-percent decrease in ET rates as for a 20-percent 
increase in recharge rates. Calculated deuterium values were 3.7 and 5.0‰ and calculated 
oxygen-18 values were 0.69 and 0.81‰ more positive than measured values. Thus, by either 
increasing recharge or decreasing ET by 20 percent the isotope mass-balance model-
calculated values were unacceptable matches with measured values, except for calculated 
deuterium in model 1. 

In summary, increasing or decreasing recharge and discharge rates of the SNWA 
(2007) water budget together will produce very similar model results to the original 
mass-balance model results. Increasing or decreasing recharge and discharge rates separately 
by 20 percent while keeping the other rate the same, produces model results that are 
generally unacceptable. Thus, an isotopic mass-balance model evaluation of the SNWA 
(2007) water budget shows that the recharge and ET rates and interbasin flows produce 
calculated deuterium and oxygen-18 values that match well with measured values, but 
increasing or decreasing the recharge or ET rates of the water budget by 20 percent results in 
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mostly unacceptable calculated deuterium and oxygen-18 values as compared to measured 
values for regional groundwater discharge at the Muddy River Springs area, the most 
downgradient regional spring area in the WRFS and MWVFS.  

Comparison of this Study’s Isotope Mass-balance Models with the 2001 and Other 
Studies 

The new SNWA (2007) water budget and interbasin flows evaluated in this study, as 
compared to the Thomas et al. (2001) study, have overall decreased recharge and ET rates 
and some different interbasin flow routing. For the WRFS, the SNWA (2007) water budget 
had total recharge of 155,000 afy as compared to the LVVWD (2001) recharge of 210,000 
afy, a 26-percent decrease in total recharge, and a total ET of 140,000 afy, as compared to the 
LVVWD (2001) ET of 178,000 afy, a 21-percent decrease. For the MVWFS, the SNWA 
(2007) water budget had total recharge of 73,000 afy as compared to the LVVWD (2001) 
recharge of 122,000 afy, a 40-percent decrease in total recharge, and a total ET of 63,000 afy, 
as compared to the LVVWD (2001) ET of 91,000 afy, a 31-percent decrease. Combining the 
WRFS and MVWFS recharge values for the entire study area shows a decrease from the 
LVVWD (2001) value of 332,000 afy to 228,000 afy for this study, a decrease of 31 percent. 
The ET rates for the WRFS and the MVWFS for the entire study area show a decrease from 
the LVVWD (2001) study of 269,000 to 203,000 afy for this study, an overall decrease in ET 
of 25 percent. The SNWA/BARCAS recharge and ET rates are very similar to the SNWA 
(2007) values, so a comparison of the LVVWD (2001) recharge and ET values with the 
SNWA/BARCAS values is not presented. 

Differences in interbasin flows between the Thomas et al. (2001) and this study are 
based on new geologic and hydrologic information (SNWA, 2007). The differences in 
interbasin flow between this study (flow rates are for the SNWA [2007] water budget) and 
the Thomas et al. (2001) study are: (1) there is no interbasin flow from Long Valley to 
Newark Valley (Thomas et al. [2001] had 8,000 afy of water flowing from Long Valley to 
Newark Valley); (2) Cave Valley has interbasin flow going to both Southern White River 
Valley (4,000 afy) and northern Pahroc Valley (9,400 afy), whereas in the Thomas et al. 
(2001) study, all Cave Valley groundwater interbasin flow went to northern Pahroc Valley; 
(3) all Coal Valley interbasin flow goes into Pahroc Valley, whereas in the Thomas et al. 
(2001) study it all went to Pahranagat Valley; and (4) Lower Meadow Valley Wash 
interbasin flow goes to both Upper Moapa Valley (Muddy River Springs area; 4,000 afy) and 
California Wash (5,300 afy), whereas in Thomas et al. (2001) all Lower Meadow Valley 
Wash interbasin flow went to Lower Moapa Valley. 

Reconnaissance Report series water budgets used by Eakin (1966) for the part of the 
WRFS that starts in Long Valley in the north and ends at Muddy River Springs in Upper 
Moapa Valley in the south did not produce mass-balance model-calculated deuterium and 
oxygen-18 values that were an acceptable match with measured values at Muddy River 
Springs. The Reconnaissance Report series recharge and ET values for the 13 valleys of the 
Eakin WRFS were 104,000 afy, as compared to the SNWA (2007) recharge and ET values of 
155,000 and 144,000 afy (including Muddy River spring discharge), respectively. The 
interbasin flow routing of Eakin (1966) and this study is similar, with differences being in 
this study: (1) some minor interbasin flow (2,000 afy) from northern Pahroc Valley goes to 
Dry Lake Valley, (2) Coal Valley interbasin flow goes to Pahroc Valley rather than directly 
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to Pahranagat Valley, and (3) Delamar Valley interbasin flow enters northern Coyote Springs 
Valley rather than southern Pahranagat Valley.  

The Kirk and Campana (1990) study included the same 13 valleys of the WRFS as 
the Eakin (1966) study and used Eakin’s (1966) interbasin flow routing. They initially set 
recharge to Maxey-Eakin values but then let the model calculate new recharge values. The 
model-calculated recharge values were similar to initial Maxey-Eakin recharge estimates. 
The differences between the Kirk and Campana study and this study are the same as those for 
the Eakin (1966) study except for: (1) recharge from the Sheep Range to Coyote Springs 
Valley is 5,000 to 6,000 afy) as compared to the Maxey-Eakin estimate of 2,000 afy and 
1,100 afy in this study; (2) the Lower Meadow Valley Wash-Kane Springs Valley area 
contributed 5,500 to 9,000 afy to the Muddy River Springs discharge area and this study has 
a total of 8,200 afy going to Muddy River Springs, as compared to the Maxey-Eakin Kane 
Springs Valley recharge estimate of about 1,000 afy; and (3) 4,000 afy of groundwater is 
routed out of the WRFS in the Pahranagat Valley area to the west and no interbasin flow 
leaves Pahranagat Valley to the west in this study or the Eakin (1966) study. 

The Thomas et al. (1996) study was for the lower part of the WRFS from the Big 
Muddy Springs area in Upper Moapa Valley to the Alamo Springs area in Pahranagat Valley. 
The differences between this study and the Thomas et al. (1996) study arise primarily from 
the different approaches the studies used. This study applied average stable isotope values to 
recharge and discharge areas and used an isotope mass-balance model to evaluate these 
recharge and discharge estimates. Thomas et al. (1996) used average stable isotope values of 
regional springs and recharge areas and measured flows of regional springs as the total 
discharge from the lower WRFS. They calculated the amount of water needed from recharge 
areas and regional flows to obtained measured isotopic values at Muddy River Springs. The 
main differences between this study and the Thomas et al. (1996) study are: (1) the Thomas 
et al. (1996) study estimated that 14,000 afy of the spring discharge from the Muddy River 
springs area was recharge from the Sheep Range as compared to a Sheep Range recharge 
estimate of 1,100 afy used for this study, and (2) the Thomas et al. (1996) study had 
6,000 afy of interbasin flow leaving Pahranagat Valley to the west, whereas this study has no 
flow leaving Pahranagat Valley to the west. A point of agreement between the two studies is 
the approximately 8,000 afy of inflow from the Lower Meadow Valley Wash-Kane Springs 
Valley area into the WRFS. 

SUMMARY AND CONCLUSIONS 
Isotope mass-balance models were used to evaluate three different water budgets for 

the regional White River and Meadow Valley Wash groundwater flow systems. The isotopic 
mass-balance models use average deuterium and oxygen-18 values for recharge and 
discharge areas to evaluate how closely calculated isotopic values match measured values for 
regional warm (>20 oC) spring discharge areas, small (<50 afy) warm springs, and 
consolidated rock and alluvial wells with warm water. The three water budgets that were 
evaluated include the SNWA (2007), SNWA/BARCAS (SNWA, 2007; Welch and Bright, 
2007), and Reconnaissance Report series water budgets. Two different isotope mass-balance 
models were used to evaluate the water budgets. In the first model, groundwater ET is 
satisfied by a mixture of local recharge with interbasin flow entering a valley (if there is any 
interbasin flow entering the valley). In the second model, groundwater ET is initially 
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satisfied by local recharge and if ET in a valley exceeds local recharge the remainder of the 
ET is satisfied by interbasin flow.  

Deuterium and oxygen-18 data for regional warm springs, small warm springs, 
groundwater from wells completed in consolidated rock with warm water, and alluvial wells 
containing warm water clearly show that there is interbasin groundwater flow in the WRFS 
and MVWFS. The isotopic data for groundwater at these sites shows that these groundwaters 
are not from local recharge, but rather they are primarily water that has flowed into a valley 
from an upgradient valley(s). 

The isotopic mass-balance models show that the SNWA (2007) water budget and 
interbasin flows for the WRFS and the MVWFS produce excellent to acceptable matches of 
calculated deuterium and oxygen-18 values with measured values for regional warm spring 
areas, except for one calculated oxygen-18 value, which was only 0.01‰ outside the 
acceptable range. The models also produce excellent to acceptable matches for calculated 
values as compared to measured values for all small warm springs and most wells with warm 
water. An isotopic mass-balance model evaluation of the SNWA/BARCAS water budget and 
interbasin flows for the WRFS and the MVWFS gave similar but not quite as good results as 
the SNWA water budget. Two calculated deuterium values were not in the acceptable range 
for matching measured values of regional warm springs. Isotopic mass-balance model results 
using the Reconnaissance Report series recharge and ET estimates and Eakin (1966) 
interbasin flow routing were unacceptable for both the Alamo Warm Springs area in 
Pahranagat Valley and the Muddy River Springs area in Upper Moapa Valley, except for one 
of the calculated deuterium values for the Pahranagat Valley warm springs. 

Isotopic variability for six recharge area monitoring springs within the study area was 
relatively small with standard deviations of deuterium and oxygen-18 data ranging from 0.7 
to 1.6‰ and 0.06 to 0.33‰, respectively. This range in standard deviation for these six sites 
is for samples taken quarterly throughout all four seasons with four of the six sites having 
more than three years of data. The isotopic composition of these springs varied little from 
season to season as spring flow varied a lot, ranging from about 100 to 2,500 gallons per 
minute during sample collection, and exceeding 5,000 gallons per minute at peak flow, at the 
largest discharging monitoring spring. This lack of isotopic variability of recharge area 
springs is important for isotopic mass-balance models because the isotopic composition of 
recharge area groundwater varies little over time. 

Isotopic variability of 12 regional warm springs in the study area was relatively small, 
with the standard deviation of deuterium and oxygen-18 data ranging from 0.5 to 1.9‰ for 
deuterium and 0.05 to 0.22‰ (except for one site with a standard deviation of 0.67‰) for 
oxygen-18. This range in values is for samples taken throughout all four seasons, with some 
regional warm spring data spanning almost 40 years and a significant number of springs 
having data that span 20 to 25 years. This lack of isotopic variability of regional warm 
springs is important for isotopic mass-balance models because this information indicates that 
the isotopic composition of regional groundwater varies little over time. 

Sensitivity analysis was performed on the SNWA (2007) water budget and flow 
routing mass-balance models by independently increasing or decreasing recharge and ET. 
The sensitivity analysis showed that when either recharge or ET were increased or decreased 
by 20 percent most of the mass-balance model-calculated deuterium and oxygen-18 values 
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were outside the range of acceptable matches for measured values of the Muddy River 
Springs discharge area. Thus, the SNWA (2007) water budget recharge and ET values 
balance such that a 20-percent change in either produces unacceptable isotopic mass-balance 
model results. 

Finally, the relationship of stable isotopes with altitude was evaluated for five major 
recharge areas in the study area with 14, or more, springs. These five recharge areas include 
the White Pine and Central Egan ranges in the northern part of the study area and the White 
Rock Mountains, Delamar Mountains, and Fairview and Bristol ranges in the central and 
southern part of the study area. There is no apparent relationship of deuterium with altitude in 
these five recharge areas, except for a slight trend of more negative values with increasing 
altitude in the Delamar Range. Because of the lack of a relationship of deuterium values with 
increasing altitude, all recharge area samples regardless of altitude can be used to determine 
the average isotopic composition of a mountain block recharge area. If a stable isotope-
altitude relationship had been observed, then a model that weighted high recharge areas 
(higher altitude zones) would need to be developed to accurately assign isotopic values to 
mountain block recharge areas.  
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APPENDIX 1. Isotope mass-balance model summaries for the six mass-balance 
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

175 Long Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 19,900 -122.4 -15.96
ET ET 3,000 -122.4 -15.96
154 GW Outflow (Newark) 0 -122.4 -15.96
174 GW Outflow (Jakes) 16,900 -122.4 -15.96

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

174 Jakes Valley

175 Inflow (Long) 16,900 -122.4 -15.96
TR Total Recharge 12,300 -119.9 -15.71
ET ET 400 -121.3 -15.86
207N GW Outflow (NWRV) 28,800 -121.3 -15.86

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

180 Cave Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 14,700 -106.5 -14.28
ET ET 1,300 -106.5 -14.28
 Well 180W902 1 601 Deep Well -104.7 -14.12 -106.5 -14.28 Local recharge
 Well 180W501 1 600 Deep Well -105.6 -14.12 -106.5 -14.28 Local recharge
208 GW Outflow (Pahroc) 9,400 -106.5 -14.28
207S GW Outflow (SWRV) 4,000 -106.5 -14.28

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207N North White River Valley

174 Inflow (Jakes) 28,800 -121.3 -15.86
TR Total Recharge 27,500 -113.4 -15.16
Warm Discharge Warm Sprs (Avg) 8,900 14 -122.6 -15.92 -121.3 -15.86 Inter-basin flow from Jakes Valley
ET ET 20,500 -117.5 -15.52
207S GW Outflow (SWRV) 35,800 -117.5 -15.52

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207S South White River Valley WRV Tot Recharge
41,000

207N Inflow (N White River) 35,800 -117.5 -15.52
180 Inflow (Cave) 4,000 -106.5 -14.28
TR Total Recharge 13,500 -106.7 -14.18
Warm Discharge Warm Sprs (Avg) 13,200 13 -119.2 -15.71 -117.5 -15.52 Inter-basin flow from Northern White River Valley
ET ET 46,900 -113.9 -15.09
208 GW Outflow (Pahroc) 6,400 -113.9 -15.09

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXX

172 Garden Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 24,800 -104.7 -14.08
ET ET 1,700 -104.7 -14.08
171 GW Outflow (Coal) 23,100 -104.7 -14.08

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

171 Coal Valley

172 Inflow (Garden) 23,100 -104.7 -14.08

SNWA (2007 Water Budget)
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172 Inflow (SWRV) 0 -113.9 -15.09
TR Total Recharge 3,900 -98.4 -12.95
Carb Well USGS-MX C.V. Well (CV-DT-1) 2 176 Well -109.0 -14.56 -104.7 -14.08 Underflow from Garden Valley
ET ET 0 -103.8 -13.91
208 GW Outflow (Pahroc) 27,000 -103.8 -13.91

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

208 Pahroc Valley

207S Inflow (S. White River) 6,400 -113.9 -15.09
170 Inflow (Cave) 9,400 -106.5 -14.28
171 Inflow (Coal) 27,000 -103.8 -13.91
TR Total Recharge 4,500 -96.4 -12.75
ET ET 0 -105.0 -14.04
209 GW Outflow (Pahranagat) 45,300 -105.0 -14.04
181 GW Outflow (Dry Lake) 2,000 -106.5 -14.28

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

209 Pahranagat Valley

208 Inflow (Pahroc) 45,300 -105.0 -14.04
181 Inflow (Dry Lake) 0 -98.9 -13.12
209 Inflow (Delamar) 0 -97.3 -12.92
TR Total Recharge 5,500 -97.6 -13.91
Warm Discharge Warm Springs (Avg) 25,400 31 -108.9 -14.26 -105.0 -14.04 Inter-basin flow from Pahroc Valley
ET ET 28,500 -104.2 -14.02
Well 209M-1 1 608 Deep Well -104.7 -13.53 -105.0 -14.04 Inter-basin flow from Pahroc Valley
210 GW Outflow (Coyote Spr) 22,300 -104.2 -14.02

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

181 Dry Lake Valley

208 Inflow (Pahroc) 2,000 -106.5 -14.28
TR Total Recharge 15,700 -98.0 -12.97
Carb Well Fugro Dry Lake V Deep Well 2 179 Well -107.5 -14.16 -106.5 -14.28 Inter-basin flow from Cave Valley
Carb Well 181M1 1 603 Deep Well -105.0 -13.67 -106.5 -14.28 Inter-basin flow from Cave Valley
Carb Well 181W909M 1 604 Deep Well -104.6 -13.50 -106.5 -14.28 Inter-basin flow from Cave Valley
ET ET 0 -98.9 -13.12
209 GW Outflow (Pahranagat) 0 -98.9 -13.12
182 GW Outflow (Delamar) 17,700 -98.9 -13.12

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

182 Delamar Valley

181 Inflow (Dry Lake) 17,700 -98.9 -13.12
TR Total Recharge 6,400 -92.8 -12.39
ET ET 0 -97.3 -12.92
Well 182W906M 1 607 Deep Well -100.3 -13.33 -98.9 -13.12 Inter-basin flow from Dry Lake Valley
209 GW Outflow (Pahranagat) 0 -97.3 -12.92
210 GW Outflow (Coyote Spr) 24,100 -97.3 -12.92

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

206 Kane Springs Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 4,200 -88.9 -12.20
ET ET 0 -88.9 -12.20
210 GW Outflow (Coyote Spr) 4,200 -88.9 -12.20

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

210 Coyote Springs Valley

209 Inflow (Pahranagat) 22,300 -104.2 -14.02
182 Inflow (Delamar) 24,100 -97.3 -12.92
206 Inflow (Kane Springs) 4,200 -88.9 -12.20
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TR Total Recharge 2,100 -90.9 -12.53
CARB Carbonate Well (Avg) 6 -100.7 -13.11 -99.6 -13.35 Flow weighted average of inter-basin flow from Pahranagat, Kane Springs, and Delamar Valleys
ET ET 0 -99.3 -13.32
219 GW Outflow (Muddy) 37,700 -99.3 -13.32
217 GW Outflow (Hidden) 15,000 -99.3 -13.32

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

219 Upper Moapa (Muddy) Valley

205 Inflow (LMVW) 4,000 -93.5 -12.59
210 Inflow (Coyote) 37,700 -99.3 -13.32
TR Total Recharge 0 -87.4 -11.92
Warm Dicharge Warm Sprs (Avg) 8,300 49 -97.8 -12.90 -98.7 -13.25 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
CARB Deep Carbonate Well (Avg) 4 -97.9 -12.97 -98.7 -13.25 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
ET ET 6,000 -98.73 -13.25
Gage Moapa Gage 34,000
218 SW Outflow (California) 34,000
218 GW Outflow (California) 1,700 -98.7 -13.25

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

217 Hidden Valley

210 Inflow (Coyote) 15,000 -99.3 -13.32
TR Total Recharge 0 -81.0 -10.60
ET ET 0 -99.3 -13.32
216 GW Outflow (Garnet ) 15,000 -99.3 -13.32

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

216 Garnet Valley

217 Inflow (Hidden) 15,000 -99.3 -13.32
TR Total Recharge 100 -81.0 -10.60
CARB Wells (Avg) 6 -96.9 -13.32 -99.3 -13.32 Inter-basin flow from Hidden Valley
ET ET 0 -99.2 -13.30
218 GW Outflow (California) 15,100 -99.2 -13.30

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

218 California Wash

219 SW Inflow (Muddy) 34,000
205 SW Inflow (LMVW) 0
219 Inflow (Muddy) 1,700 -98.7 -13.25
205  Inflow (Lower Meadow VW) 5,300 -93.5 -12.59
216 Inflow (Garnet) 15,100 -99.2 -13.30
TR Total Recharge 0 0.0 0.00
CARB Carbonate Well (Avg) -99.0 -13.45 -97.8 -13.12 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
ET ET 4,500 -97.8 -13.12
220 GW Outflow (Lower Moapa) 18,900 -97.8 -13.12
215 GW Outflow (Black Mtn Area) 2,000 -97.8 -13.12
220 SW Outflow (Lower Moapa) 30,700

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

215 Black Mountains Area

218 Inflow (California Wash) 2,000 -97.8 -13.12
TR Total Recharge 0 0.0 0.00
CARB Carbonate Spr (Avg) 1,663 13 -91.3 -12.01 -97.8 -13.12 Weighted Average of Inflow from Califronia Wash 
ET ET 1,400 -97.8 -13.12
999 GW Outflow (Colorado River) 600 -97.8 -13.12

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

220 Lower Moapa Valley

218 GW Inflow (California Wash) 18,900 -97.8 -13.12
218 SW Inflow (California Wash ) 30,700
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TR Total Recharge 0 -88.3 -12.50
CARB Carbonate Well (Avg) 2 -91.0 -12.58 -93.5 -12.59 Inter-basin flow from Lower Meadow Valley Wash
ET ET 25,300 -97.8 -13.12
999 GW Outflow (Colorado River) 15,300 -97.8 -13.12
999 SW Outflow (Colorado River) 9,000

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

Colorado R Lake Mead (Colorado River)

210 GW Inflow (Black Mountains Area) 600 -97.8 -13.12
205 GW Inflow (Lower Moapa) 15,300 -97.8 -13.12
999 Groundwater Total 15,900 -97.8 -13.12

205 SW Inflow (Lower Moapa) 9,000
999 Surface water Total 9,000

999 Inflow Total 24,900

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

183 Lake Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 12,300 -105.5 -14.08
ET ET 6,700 -105.5 -14.08
202 GW Outflow (Patterson) 5,600 -105.5 -14.08

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

202 Patterson Valley

183 Inflow (Lake) 5,600 -105.5 -14.08
TR Total Recharge 10,600 -98.3 -13.03
ET ET 1,300 -100.8 -13.39
203 GW Outflow (Panaca) 14,900 -100.8 -13.39

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

201 Spring Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 11,200 -99.4 -13.28
ET ET 3,900 -99.4 -13.28
200 GW Outflow (Eagle) 7,300 -99.4 -13.28
200 SW Outflow (Eagle) 0 -97.5 -13.00

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

200 Eagle Valley

201 Inflow (Spring) 7,300 -99.4 -13.28
201 SW Inflow (Spring) 0 -97.5 -13.00
TR Total Recharge 2,000 -98.7 -13.15
ET ET 1,000 -99.3 -13.25
199 GW Outflow (Rose) 8,300 -99.3 -13.25
198 SW Outflow (Rose) 0 -99.3 -13.25

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

199 Rose Valley

200 Inflow (Eagle) 8,300 -99.3 -13.25
200 SW Inflow (Eagle) 0 -99.3 -13.25
TR Total Recharge 200 -98.4 -13.08
ET ET 600 -99.2 -13.24
198 GW Outflow (Dry) 7,900 -99.2 -13.24
198 SW Outflow (Dry) 0 -99.3 -13.25

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX
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198 Dry Valley

199 Inflow (Rose) 7,900 -99.2 -13.24
199 SW Inflow (Rose) 0 -99.3 -13.25
TR Total Recharge 3,200 -96.9 -12.96
ET ET 3,700 -98.6 -13.16
203 GW Outflow (Panaca) 7,400 -98.6 -13.16
203 SW Outflow (Panaca) 0 -99.2 -13.24

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

204 Clover Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 14,900 -92.1 -12.46
ET ET 5,200 -92.1 -12.46
205 GW Outflow (LMVW) 9,700 -92.1 -12.46
205 SW Outflow (LMVW) 0 -92.1 -12.46

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

203 Panaca Valley

202 Inflow (Patterson) 14,900 -100.8 -13.39
198 Inflow (Dry) 7,400 -98.6 -13.16
198 SW Inflow (Dry) 0 -99.2 -13.24
TR Total Recharge 5,500 -95.8 -12.78
Warm Bennett Spring 20 1 141 Spring -103.0 -13.70 -100.8 -13.39 Inter-basin flow from Patterson Valley
Warm Caliente Hot Springs (Hotel) 0 8 129 Spring -107.9 -14.44 -105.5 -14.08 Inter-basin flow from Lake Valley
Warm Panaca Spring 7700 13 144  Spring -106.9 -14.14 -105.5 -14.08 Inter-basin flow from Lake Valley
ET ET 18,900 -99.2 -13.21
205 GW Outflow (LMVW) 8,900 -99.2 -13.21
205 SW Outflow (LMVW) 0 -97.0 -13.10

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

205 Lower Meadow Valley Wash

203 Inflow (Panaca) 8,900 -99.2 -13.21
204 Inflow (Clover) 9,700 -92.1 -12.46
203 SW Inflow (Panaca) 0 -97.0 -13.10
204 SW Inflow (Clover) 0 -92.1 -12.46
TR Total Recharge 12,600 -90.4 -12.24
Warm Kershaw-Ryan Spring #1 1 250 Spring -95.1 -13.11 -95.5 -12.82 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
Warm EH-6 Weiser Wash 1 59 Well -99.5 -13.90
Warm EH-8 Weiser Wash 1 57 Well -96.5 -13.70
Alluvial Well Railroad Well (Farrier, NV) 1 80 Well -97.5 -12.50
ET ET 21,900 -93.5 -12.59
206 GW Outflow (Upper Moapa) 4,000 -93.5 -12.59
218 GW Outflow (California Wash) 5,300 -93.5 -12.59
218 GW Outflow (Lower Moapa) 0 -93.5 -12.59
218 SW Outflow (California Wash) 0 -93.5 -12.59

XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

SE ROA 46669
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

175 Long Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 19,900 -122.4 -15.96
ET ET 3,000 -122.4 -15.96
154 GW Outflow (Newark) 0 -122.4 -15.96
174 GW Outflow (Jakes) 16,900 -122.4 -15.96

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

174 Jakes Valley

175 Inflow (Long) 16,900 -122.4 -15.96
TR Total Recharge 12,300 -119.9 -15.71
ET ET 400 -119.9 -15.71
207N GW Outflow (NWRV) 28,800 -121.3 -15.86

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

180 Cave Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 14,700 -106.5 -14.28
ET ET 1,300 -106.5 -14.28
 Well 180W902 1 601 Deep Well -104.7 -14.12 -106.5 -14.28 Local recharge
 Well 180W501 1 600 Deep Well -105.6 -14.12 -106.5 -14.28 Local recharge
208 GW Outflow (Pahroc) 9,400 -106.5 -14.28
207S GW Outflow (SWRV) 4,000 -106.5 -14.28

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207N North White River Valley

174 Inflow (Jakes) 28,800 -121.3 -15.86
TR Total Recharge 27,500 -113.4 -15.16
Warm Discharge Warm Sprs (Avg) 8,900 14 -122.6 -15.92 -121.3 -15.86 Inter-basin flow from Jakes Valley
ET ET 20,500 -113.4 -15.16
207S GW Outflow (SWRV) 35,800 -119.8 -15.7

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207S South White River Valley WRV Tot Recharge
41,000

207N Inflow (N White River) 35,800 -119.8 -15.72
180 Inflow (Cave) 4,000 -106.5 -14.28
TR Total Recharge 13,500 -106.7 -14.18
Warm Discharge Warm Sprs (Avg) 13,200 13 -119.2 -15.71 -119.8 -15.72 Inter-basin flow from Northern White River Valley
ET ET 46,900 -115.1 -15.18
208 GW Outflow (Pahroc) 6,400 -118.5 -15.58

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXX

172 Garden Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 24,800 -104.7 -14.08
ET ET 1,700 -104.7 -14.08
171 GW Outflow (Coal) 23,100 -104.7 -14.08

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

171 Coal Valley

172 Inflow (Garden) 23,100 -104.7 -14.08

SNWA (2007 Water Budget)

SE ROA 46670

JA_14039



172 Inflow (SWRV) 0 -118.5 -15.58
TR Total Recharge 3,900 -98.4 -12.95
Carb Well USGS-MX C.V. Well (CV-DT-1) 2 176 Well -109.0 -14.56 -104.7 -14.08 Underflow from Garden Valley
ET ET 0 -98.4 -12.95
208 GW Outflow (Pahroc) 27,000 -103.8 -13.91

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

208 Pahroc Valley

207S Inflow (S. White River) 6,400 -118.5 -15.58
170 Inflow (Cave) 9,400 -106.5 -14.28
171 Inflow (Coal) 27,000 -103.8 -13.91
TR Total Recharge 4,500 -96.4 -12.75
ET ET 0 -96.4 -12.75
209 GW Outflow (Pahranagat) 45,300 -105.6 -14.10
181 GW Outflow (Dry Lake) 2,000 -106.5 -14.28

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

209 Pahranagat Valley

208 Inflow (Pahroc) 45,300 -105.6 -14.10
181 Inflow (Dry Lake) 0 -98.9 -13.12
209 Inflow (Delamar) 0 -97.3 -12.92
TR Total Recharge 5,500 -97.6 -13.91
Warm Discharge Warm Springs (Avg) 25,400 31 -108.9 -14.26 -105.6 -14.10 Inter-basin flow from Pahroc Valley
ET ET 28,500 -104.1 -14.07
Well 209M-1 1 608 Deep Well -104.7 -13.53 -105.6 -14.10 Inter-basin flow from Pahroc Valley
210 GW Outflow (Coyote Spr) 22,300 -105.6 -14.10

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

181 Dry Lake Valley

208 Inflow (Pahroc) 2,000 -106.5 -14.28
TR Total Recharge 15,700 -98.0 -12.97
Carb Well Fugro Dry Lake V Deep Well 2 179 Well -107.5 -14.16 -106.5 -14.28 Inter-basin flow from Cave Valley
Carb Well 181M1 1 603 Deep Well -105.0 -13.67 -106.5 -14.28 Inter-basin flow from Cave Valley
Carb Well 181W909M 1 604 Deep Well -104.6 -13.50 -106.5 -14.28 Inter-basin flow from Cave Valley
ET ET 0 -98.0 -12.97
209 GW Outflow (Pahranagat) 0 -98.9 -13.12
182 GW Outflow (Delamar) 17,700 -98.9 -13.12

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

182 Delamar Valley

181 Inflow (Dry Lake) 17,700 -98.9 -13.12
TR Total Recharge 6,400 -92.8 -12.39
ET ET 0 -92.8 -12.39
Well 182W906M 1 607 Deep Well -100.3 -13.33 -98.9 -13.12 Inter-basin flow from Dry Lake Valley
209 GW Outflow (Pahranagat) 0 -97.3 -12.92
210 GW Outflow (Coyote Spr) 24,100 -97.3 -12.92

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

206 Kane Springs Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 4,200 -88.9 -12.20
ET ET 0 -88.9 -12.20
210 GW Outflow (Coyote Spr) 4,200 -88.9 -12.20

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

210 Coyote Springs Valley

209 Inflow (Pahranagat) 22,300 -105.6 -14.10
182 Inflow (Delamar) 24,100 -97.3 -12.92
206 Inflow (Kane Springs) 4,200 -88.9 -12.20

SE ROA 46671
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TR Total Recharge 2,100 -90.9 -12.53
CARB Carbonate Well (Avg) 6 -100.7 -13.11 -100.3 -13.38 Flow weighted average of inter-basin flow from Pahranagat, Kane Springs, and Delamar Valleys
ET ET 0 -90.9 -12.53
219 GW Outflow (Muddy) 37,700 -99.9 -13.35
217 GW Outflow (Hidden) 15,000 -99.9 -13.35

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

219 Upper Moapa (Muddy) Valley

205 Inflow (LMVW) 4,000 -96.1 -12.90
210 Inflow (Coyote) 37,700 -99.9 -13.35
TR Total Recharge 0 -87.4 -11.92
Warm Dicharge Warm Sprs (Avg) 8,300 49 -97.8 -12.90 -99.5 -13.31 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
CARB Deep Carbonate Well (Avg) Input into M 4 -97.9 -12.97 -99.5 -13.31 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
ET ET 6,000 -99.5 -13.31
Gage Moapa Gage 34,000
218 SW Outflow (California) 34,000
218 GW Outflow (California) 1,700 -99.5 -13.31

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

217 Hidden Valley

210 Inflow (Coyote) 15,000 -99.9 -13.35
TR Total Recharge 0 -81.0 -10.60
ET ET 0 -81.0 -10.60
216 GW Outflow (Garnet ) 15,000 -99.9 -13.35

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

216 Garnet Valley

217 Inflow (Hidden) 15,000 -99.9 -13.35
TR Total Recharge 100 -81.0 -10.60
CARB Wells (Avg) 6 -96.9 -13.32 -99.9 -13.35 Inter-basin flow from Hidden Valley
ET ET 0 -81.0 -10.60
218 GW Outflow (California) 15,100 -99.8 -13.33

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

218 California Wash

219 SW Inflow (Muddy) 34,000
205 SW Inflow (LMVW) 0
219 Inflow (Muddy) 1,700 -99.5 -13.31
205  Inflow (Lower Meadow VW) 5,300 -96.1 -12.90
216 Inflow (Garnet) 15,100 -99.8 -13.33
TR Total Recharge 0 -82.0 -10.6
CARB Carbonate Well (Avg) -99.0 -13.45 -98.9 -13.22 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
ET ET 4,500 -82.0 -10.60
220 GW Outflow (Lower Moapa) 18,900 -98.9 -13.22
215 GW Outflow (Black Mtn Area) 2,000 -98.9 -13.22
220 SW Outflow (Lower Moapa) 30,700

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

215 Black Mountains Area

218 Inflow (California Wash) 2,000 -98.9 -13.22
TR Total Recharge 0 -81.3 -10.75
CARB Carbonate Spr (Avg) 1,700 13 -91.3 -12.01 -98.9 -13.22 Weighted Average of Inflow from Califronia Wash 
ET ET 1,400 -81.3 -10.75
999 GW Outflow (Colorado River) 600 -98.9 -13.22

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

220 Lower Moapa Valley

218 GW Inflow (California Wash) 18,900 -98.9 -13.22
218 SW Inflow (California Wash ) 30,700

SE ROA 46672
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TR Total Recharge 0 -88.3 -12.50
CARB Carbonate Well (Avg) 2 -91.0 -12.58 -96.1 -12.90 Inter-basin flow from Lower Meadow Valley Wash
ET ET 25,300 -88.3 -12.50
999 GW Outflow (Colorado River) 15,300 -98.9 -13.22
999 SW Outflow (Colorado River) 9,000

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

Colorado R Lake Mead (Colorado River)

210 GW Inflow (Black Mountains Area) 600 -98.9 -13.22
205 GW Inflow (Lower Moapa) 15,300 -98.9 -13.22
999 Groundwater Total 15,900 -98.9 -13.22

205 SW Inflow (Lower Moapa) 9,000
999 Surfacewater Total 9,000

999 Inflow Total 24,900

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

183 Lake Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 12,300 -105.5 -14.08
ET ET 6,700 -105.5 -14.08
202 GW Outflow (Patterson) 5,600 -105.5 -14.08

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

202 Patterson Valley

183 Inflow (Lake) 5,600 -105.5 -14.08
TR Total Recharge 10,600 -98.3 -13.03
ET ET 1,300 -98.3 -13.03
203 GW Outflow (Panaca) 14,900 -101.0 -13.43

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

201 Spring Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 11,200 -99.4 -13.28
ET ET 3,900 -99.4 -13.28
200 GW Outflow (Eagle) 7,300 -99.4 -13.28
200 SW Outflow (Eagle) 0 -97.5 -13.00

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

200 Eagle Valley

201 Inflow (Spring) 7,300 -99.4 -13.28
201 SW Inflow (Spring) 0 -97.5 -13.00
TR Total Recharge 2,000 -98.7 -13.15
ET ET 1,000 -98.7 -13.15
199 GW Outflow (Rose) 8,300 -99.3 -13.26
198 SW Outflow (Rose) 0 -98.7 -13.00

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

199 Rose Valley

200 Inflow (Eagle) 8,300 -99.3 -13.26
200 SW Inflow (Eagle) 0 -98.7 -13.00
TR Total Recharge 200 -98.4 -13.08
ET ET 600 -98.4 -13.08
198 GW Outflow (Dry) 7,900 -99.3 -13.25
198 SW Outflow (Dry) 0 -98.4 -13.08

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

SE ROA 46673
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198 Dry Valley

199 Inflow (Rose) 7,900 -99.3 -13.25
199 SW Inflow (Rose) 0 -98.4 -13.08
TR Total Recharge 3,200 -96.9 -12.96
ET ET 3,700 -97.2 -13.00
203 GW Outflow (Panaca) 7,400 -99.3 -13.25
203 SW Outflow (Panaca) 0 -97.2 -13.00

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

204 Clover Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 14,900 -92.1 -12.46
ET ET 5,200 -92.1 -12.46
205 GW Outflow (LMVW) 9,700 -92.1 -12.46
205 SW Outflow (LMVW) 0 -92.1 -12.46

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

203 Panaca Valley

202 Inflow (Patterson) 14,900 -101.0 -13.43
198 Inflow (Dry) 7,400 -99.3 -13.25
198 SW Inflow (Dry) 0 -97.2 -13.00
TR Total Recharge 5,500 -95.8 -12.78
Warm Bennett Spring 20 1 141 Spring -103.0 -13.70 -101.0 -13.43 Inter-basin flow from Patterson Valley
Warm Caliente Hot Springs (Hotel) 0 8 129 Spring -107.9 -14.44 -105.5 -14.08 Inter-basin flow from Lake Valley
Warm Panaca Spring 7700 13 144  Spring -106.9 -14.14 -105.5 -14.08 Inter-basin flow from Lake Valley
ET ET 18,900 -99.1 -13.20
205 GW Outflow (LMVW) 8,900 -100.4 -13.37
205 SW Outflow (LMVW) 0 -99.1 -13.20

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

205 Lower Meadow Valley Wash

203 Inflow (Panaca) 8,900 -100.4 -13.37
204 Inflow (Clover) 9,700 -92.1 -12.46
203 SW Inflow (Panaca) 0 -99.1 -13.20
204 SW Inflow (Clover) 0 -92.1 -12.46
TR Total Recharge 12,600 -90.6 -12.25
Warm Kershaw-Ryan Spring #1 1 250 Spring -95.1 -13.11 -96.1 -12.90 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
Warm EH-6 Weiser Wash 1 59 Well -99.5 -13.90
Warm EH-8 Weiser Wash 1 57 Well -96.5 -13.70
Alluvial Well Railroad Well (Farrier, NV) 1 80 Well -97.5 -12.50
ET ET 21,900 -92.9 -12.53
206 GW Outflow (Upper Moapa) 4,000 -96.1 -12.90
218 GW Outflow (California Wash) 5,300 -96.1 -12.90
218 SW Outflow (California Wash) 0 -90.6 -12.25

XXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

175 Long Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 21,000 -122.4 -15.96
ET ET 1,200 -122.4 -15.96
154 GW Outflow (Newark) 0 -122.4 -15.96
174 GW Outflow (Jakes) 19,800 -122.4 -15.96

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

174 Jakes Valley

175 Inflow (Long) 19,800 -122.4 -15.96
TR Total Recharge 13,000 -119.9 -15.71
ET ET 900 -121.4 -15.86
207N GW Outflow (NWRV) 31,900 -121.4 -15.86

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

180 Cave Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 15,400 -106.5 -14.28
ET ET 1,600 -106.5 -14.28
 Well 180W902 1 601 Deep Well -104.7 -14.12
 Well 180W501 1 600 Deep Well -105.6 -14.12
208 GW Outflow (Pahroc) 9,800 -106.5 -14.28
207S GW Outflow (SWRV) 4,000 -106.5 -14.28

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207N North White River Valley

174 Inflow (Jakes) 31,900 -121.4 -15.86
TR Total Recharge 28,600 -113.5 -15.16
Warm Discharge Warm Sprs (Avg) 8,900 14 -122.6 -15.92 -121.4 -15.86 Inter-basin flow from Jakes Valley
ET ET 29,500 -117.6 -15.53
207S GW Outflow (SWRV) 31,000 -117.6 -15.53

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207S South White River Valley WRV Tot Recharge
42,900

207N Inflow (N White River) 31,000 -117.6 -15.53
180 Inflow (Cave) 4,000 -106.5 -14.28
TR Total Recharge 14,300 -106.7 -14.18
Warm Discharge Warm Sprs (Avg) 13,200 13 -119.2 -15.71 -117.6 -15.53 Inter-basin flow from Northern White River Valley
ET ET 47,200 -113.6 -15.04
208 GW Outflow (Pahroc) 2,100 -113.6 -15.04

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXXX

172 Garden Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 25,700 -104.7 -14.08

SNWA/BARCASS (SNWA, 2007; Welch and Bright, 2007)

SE ROA 46675
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

ET ET 1,700 -104.7 -14.08
171 GW Outflow (Coal) 24,000 -104.7 -14.08

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

171 Coal Valley

172 Inflow (Garden) 24,000 -104.7 -14.08
172 Inflow (SWRV) 0 -113.6 -15.04
TR Total Recharge 4,200 -98.4 -12.95
ET ET 0 -103.7 -13.91
Carb Well USGS-MX C.V. Well (CV-DT-1) 2 176 Well -109.0 -14.56 -104.7 -14.08 Underflow from Garden Valley
208 GW Outflow (Pahroc) 28,200 -103.7 -13.91

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

208 Pahroc Valley

207S Inflow (S. White River) 2,100 -113.6 -15.04
180 Inflow (Cave) 9,800 -106.5 -14.28
171 Inflow (Coal) 28,200 -103.7 -13.91
TR Total Recharge 4,900 -96.4 -12.75
ET ET 0 -104.0 -13.92
209 GW Outflow (Pahranagat) 43,000 -104.0 -13.92
181 GW Outflow (Dry Lake) 2,000 -106.5 -14.28

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

209 Pahranagat Valley

208 Inflow (Pahroc) 43,000 -104.0 -13.92
181 Inflow (Dry Lake) 0 -99.0 -13.12
209 Inflow (Delamar) 0 -97.3 -12.93
TR Total Recharge 5,900 -97.0 -13.67
Warm Discharge Warm Springs (Avg) 25,400 31 -108.9 -14.26 -104.0 -13.92 Inter-basin flow from Pahroc Valley
ET ET 28,500 -103.2 -13.89
Well 209M-1 1 608 Deep Well -104.7 -13.53 -104.0 -13.92 Inter-basin flow from Pahroc Valley
210 GW Outflow (Coyote Spr) 20,400 -103.2 -13.89

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

181 Dry Lake Valley

180 Inflow (Pahroc) 2,000 -106.5 -14.28
TR Total Recharge 16,700 -98.1 -12.98
ET ET 0 -99.0 -13.12
Carb Well Fugro Dry Lake V Deep Well 2 179 Well -107.5 -14.16 -106.5 -14.28 Inter-basin flow from Cave Valley
Carb Well 181M1 1 603 Deep Well -105.0 -13.67 -106.5 -14.28 Inter-basin flow from Cave Valley
Carb Well 181W909M 1 604 Deep Well -104.6 -13.50 -106.5 -14.28 Inter-basin flow from Cave Valley
209 GW Outflow (Pahranagat) 0 -99.0 -13.12
182 GW Outflow (Delamar) 18,700 -99.0 -13.12

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

182 Delamar Valley

181 Inflow (Dry Lake) 18,700 -99.0 -13.12
TR Total Recharge 6,800 -92.8 -12.39
ET ET 0 -97.3 -12.93
Well 182W906M 1 607 Deep Well -100.3 -13.33 -99.0 -13.12 Inter-basin flow from Dry Lake Valley
209 GW Outflow (Pahranagat) 0 -97.3 -12.93

SE ROA 46676
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

210 GW Outflow (Coyote Spr) 25,500 -97.3 -12.93

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

206 Kane Springs Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 4,500 -88.9 -12.20
ET ET 0 -88.9 -12.20
210 GW Outflow (Coyote Spr) 4,500 -88.9 -12.20

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

210 Coyote Springs Valley

209 Inflow (Pahranagat) 20,400 -103.2 -13.89
182 Inflow (Delamar) 25,500 -97.3 -12.93
206 Inflow (Kane Springs) 4,500 -88.9 -12.20
TR Total Recharge 2,300 -90.8 -12.53
CARB Carbonate Well (Avg) 14 -100.7 -13.11 -98.9 -13.25 Flow weighted average of inter-basin flow from Pahranagat, Kane Springs, and Delamar Valleys
ET ET 0 -98.6 -13.22
219 GW Outflow (Muddy) 37,700 -98.6 -13.22
217 GW Outflow (Hidden) 15,000 -98.6 -13.22

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

219 Upper Moapa (Muddy) Valley

205 Inflow (LMVW) 4,000 -93.6 -12.60
210 Inflow (Coyote) 37,700 -98.6 -13.22
TR Total Recharge 0 -87.4 -11.92
Warm Dicharge Warm Sprs (Avg) 8,300 49 -97.8 -12.90 -98.1 -13.16 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
CARB Deep Carbonate Well (Avg) 4 -97.9 -12.97 -98.1 -13.16 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
ET ET 6,000 -98.1 -13.16
Gage Moapa Gage 34,000
218 SW Outflow (California) 34,000
218 GW Outflow (California) 1,700 -98.1 -13.16

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

217 Hidden Valley

210 Inflow (Coyote) 15,000 -98.6 -13.22
TR Total Recharge 0 -81.0 -10.60
ET ET 0 -98.6 -13.22
216 GW Outflow (Garnet ) 15,000 -98.6 -13.22

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

216 Garnet Valley

217 Inflow (Hidden) 15,000 -98.6 -13.22
TR Total Recharge 100 -81.0 -10.60
CARB Wells (Avg) 6 -96.9 -13.32 -98.6 -13.22 Inter-basin flow from Hidden Valley
ET ET 0 -98.5 -13.20
218 GW Outflow (California) 15,100 -98.5 -13.20

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

218 California Wash

SE ROA 46677

JA_14046



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

219 SW Inflow (Muddy) 34,000
205 SW Inflow (LMVW) 0
219 Inflow (Muddy) 1,700 -98.1 -13.16
205  Inflow (Lower Meadow VW) 5,200 -93.6 -12.60
216 Inflow (Garnet) 15,100 -98.5 -13.20
TR Total Recharge 0 0.0 0.00
ET ET 4,500 -97.3 -13.06
CARB Carbonate Well (Avg) -99.0 -13.45 -97.3 -13.06 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
220 GW Outflow (Lower Moapa) 18,800 -97.3 -13.06
215 GW Outflow (Black Mtn Area) 2,000 -97.3 -13.06
220 SW Outflow (Lower Moapa) 30,700

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

215 Black Mountains Area

218 Inflow (California Wash) 2,000 -97.3 -13.06
TR Total Recharge 0 0.0 0.00
ET ET 1,400 -97.3 -13.06
CARB Carbonate Spr (Avg) 1,700 13 -91.3 -12.01 -97.3 -13.06 Weighted Average of Inflow from Califronia Wash 
999 GW Outflow (Colorado River) 600 -97.3 -13.06

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

220 Lower Moapa Valley

218 GW Inflow (California Wash) 18,800 -97.3 -13.06
218 SW Inflow (California Wash ) 30,700
TR Total Recharge 0 -88.3 -12.50
ET ET 25,300 -97.3 -13.06
CARB Carbonate Well (Avg) 2 -91.0 -12.58 -93.6 -12.60 Inter-basin flow from Lower Meadow Valley Wash
999 GW Outflow (Colorado River) 17,200 -97.3 -13.06
999 SW Outflow (Colorado River) 7,000

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

Colorado R Lake Mead (Colorado River)

210 GW Inflow (Black Mountains Area) 600 -97.3 -13.06
205 GW Inflow (Lower Moapa) 17,200 -97.3 -13.06
999 Groundwater Total 17,800 -97.3 -13.06

205 SW Inflow (Lower Moapa) 7,000
999 Surface water Total 7,000

999 Inflow Total 24,800

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

183 Lake Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 12,200 -105.7 -14.12
ET ET 6,100 -105.7 -14.12
202 GW Outflow (Patterson) 6,100 -105.7 -14.12

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

202 Patterson Valley

183 Inflow (Lake) 6,100 -105.7 -14.12

SE ROA 46678

JA_14047



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

TR Total Recharge 10,500 -98.3 -13.03
ET ET 1,300 -101.0 -13.43
203 GW Outflow (Panaca) 15,300 -101.0 -13.43

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

201 Spring Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 11,100 -99.4 -13.28
ET ET 3,900 -99.4 -13.28
200 GW Outflow (Eagle) 7,200 -99.4 -13.28
200 SW Outflow (Eagle) 0 -97.5 -13.00

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

200 Eagle Valley

201 Inflow (Spring) 7,200 -99.4 -13.28
201 SW Inflow (Spring) 0 -97.5 -13.00
TR Total Recharge 2,000 -98.7 -13.15
ET ET 1,000 -99.3 -13.25
199 GW Outflow (Rose) 8,200 -99.3 -13.25
198 SW Outflow (Rose) 0 -99.3 -13.25

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

199 Rose Valley

200 Inflow (Eagle) 8,200 -99.3 -13.25
200 SW Inflow (Eagle) 0 -99.3 -13.25
TR Total Recharge 200 -98.4 -13.08
ET ET 600 -99.2 -13.24
198 GW Outflow (Dry) 7,800 -99.2 -13.24
198 SW Outflow (Dry) 0 -99.3 -13.25

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

198 Dry Valley

199 Inflow (Rose) 7,800 -99.2 -13.24
199 SW Inflow (Rose) 0 -99.3 -13.25
TR Total Recharge 3,200 -96.9 -12.96
ET ET 3,700 -98.5 -13.16
203 GW Outflow (Panaca) 7,300 -98.5 -13.16
203 SW Outflow (Panaca) 0 -99.2 -13.24

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

204 Clover Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 14,700 -92.1 -12.46
ET ET 5,200 -92.1 -12.46
205 GW Outflow (LMVW) 9,500 -92.1 -12.46
205 SW Outflow (LMVW) 0 -92.1 -12.46

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

203 Panaca Valley

SE ROA 46679

JA_14048



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

202 Inflow (Patterson) 15,300 -101.0 -13.43
198 Inflow (Dry) 7,300 -98.5 -13.16
198 SW Inflow (Dry) 0 -99.2 -13.24
TR Total Recharge 5,500 -95.8 -12.78
Warm Bennett Spring 20 1 141 Spring -103.0 -13.70 -101.0 -13.43 Inter-basin flow from Patterson Valley
Warm Caliente Hot Springs (Hotel) 0 8 129 Spring -107.9 -14.44 -105.7 -14.12 Inter-basin flow from Lake Valley
Warm Panaca Spring 7700 13 144  Spring -106.9 -14.14 -105.7 -14.12 Inter-basin flow from Lake Valley
ET ET 18,900 -99.3 -13.24
205 GW Outflow (LMVW) 9,200 -99.3 -13.24
205 SW Outflow (LMVW) 0 -97.0 -13.10

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

205 Lower Meadow Valley Wash

203 Inflow (Panaca) 9,200 -99.3 -13.24
204 Inflow (Clover) 9,500 -92.1 -12.46
203 SW Inflow (Panaca) 0 -97.0 -13.10
204 SW Inflow (Clover) 0 -92.1 -12.46
TR Total Recharge 12,400 -90.4 -12.24
Warm Kershaw-Ryan Spring #1 1 250 Spring -95.1 -13.11 -95.7 -12.84 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
Warm EH-6 Weiser Wash 1 59 Well -99.5 -13.90
Warm EH-8 Weiser Wash 1 57 Well -96.5 -13.70
Alluvial Well Railroad Well (Farrier, NV) 1 80 Well -97.5 -12.50
ET ET 21,900 -93.6 -12.60
206 GW Outflow (Upper Moapa) 4,000 -93.6 -12.60
218 GW Outflow (California Wash) 5,200 -93.6 -12.60
218 GW Outflow (Lower Moapa) 0 -93.6 -12.60
218 SW Outflow (California Wash) 0 -93.6 -12.60

XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

SE ROA 46680

JA_14049



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

175 Long Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 21,000 -122.4 -15.96
ET ET 1,200 -122.4 -15.96
154 GW Outflow (Newark) 0 -122.4 -15.96
174 GW Outflow (Jakes) 19,800 -122.4 -15.96

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

174 Jakes Valley

175 Inflow (Long) 19,800 -122.4 -15.96
TR Total Recharge 13,000 -119.9 -15.71
ET ET 900 -119.9 -15.71
207N GW Outflow (NWRV) 31,900 -121.4 -15.86

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

180 Cave Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 15,400 -106.5 -14.28
ET ET 1,600 -106.5 -14.28
 Well 180W902 1 601 Deep Well -104.7 -14.12
 Well 180W501 1 600 Deep Well -105.6 -14.12
208 GW Outflow (Pahroc) 9,800 -106.5 -14.28
207S GW Outflow (SWRV) 4,000 -106.5 -14.28

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207N North White River Valley

174 Inflow (Jakes) 31,900 -121.4 -15.86
TR Total Recharge 28,600 -113.5 -15.16
Warm Discharge Warm Sprs (Avg) 8,900 14 -122.6 -15.92 -121.4 -15.86 Inter-basin flow from Jakes Valley
ET ET 29,500 -113.7 -15.19
207S GW Outflow (SWRV) 31,000 -121.4 -15.86

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207S South White River Valley WRV Tot Recharge
42,900

207N Inflow (N White River) 31,000 -121.4 -15.86
180 Inflow (Cave) 4,000 -106.5 -14.28
TR Total Recharge 14,300 -106.7 -14.18
Warm Discharge Warm Sprs (Avg) 13,200 13 -119.2 -15.71 -121.4 -15.86 Inter-basin flow from Northern White River Valley
ET ET 47,200 -115.8 -15.23
208 GW Outflow (Pahroc) 2,100 -119.7 -15.68

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXXX

172 Garden Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 25,700 -104.7 -14.08

SNWA/BARCASS (SNWA, 2007; Welch and Bright, 2007)

SE ROA 46681

JA_14050



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

ET ET 1,700 -104.7 -14.08
171 GW Outflow (Coal) 24,000 -104.7 -14.08

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

171 Coal Valley

172 Inflow (Garden) 24,000 -104.7 -14.08
172 Inflow (SWRV) 0 -119.7 -15.68
TR Total Recharge 4,200 -98.4 -12.95
Carb Well USGS-MX C.V. Well (CV-DT-1) 2 176 Well -109.0 -14.56 -104.7 -14.08 Underflow from Garden Valley
ET ET 0 -98.4 -12.95
208 GW Outflow (Pahroc) 28,200 -103.7 -13.91

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

208 Pahroc Valley

180 Inflow (Cave) 9,800 -106.5 -14.28
207S Inflow (S. White River) 2,100 -119.7 -15.68
171 Inflow (Coal) 28,200 -103.7 -13.91
TR Total Recharge 4,900 -96.4 -12.75
ET ET 0 -96.4 -12.75
181 GW Outflow (Dry Lake) 2,000 -106.5 -14.28
209 GW Outflow (Pahranagat) 43,000 -104.3 -13.95

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

209 Pahranagat Valley

208 Inflow (Pahroc) 43,000 -104.3 -13.95
181 Inflow (Dry Lake) 0 -99.0 -13.12
209 Inflow (Delamar) 0 -97.3 -12.93
TR Total Recharge 5,900 -97.0 -13.67
Warm Discharge Warm Springs (Avg) 25,400 31 -108.9 -14.26 -104.3 -13.95 Inter-basin flow from Pahroc Valley
ET ET 28,500 -102.8 -13.89
Well 209M-1 1 608 Deep Well -104.7 -13.53 -104.3 -13.95 Inter-basin flow from Pahroc Valley
210 GW Outflow (Coyote Spr) 20,400 -104.3 -13.95

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

181 Dry Lake Valley

208 Inflow (Pahroc) 2,000 -106.5 -14.28
TR Total Recharge 16,700 -98.1 -12.98
Carb Well Fugro Dry Lake V Deep Well 2 179 Well -107.5 -14.16 -106.5 -14.28 Inter-basin flow from Cave Valley
Carb Well 181M1 1 603 Deep Well -105.0 -13.67 -106.5 -14.28 Inter-basin flow from Cave Valley
Carb Well 181W909M 1 604 Deep Well -104.6 -13.50 -106.5 -14.28 Inter-basin flow from Cave Valley
ET ET 0 -98.1 -12.98
209 GW Outflow (Pahranagat) 0 -99.0 -13.12
182 GW Outflow (Delamar) 18,700 -99.0 -13.12

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

182 Delamar Valley

181 Inflow (Dry Lake) 18,700 -99.0 -13.12
TR Total Recharge 6,800 -92.8 -12.39
ET ET 0 -92.8 -12.39
Well 182W906M 1 607 Deep Well -100.3 -13.33 -99.0 -13.12 Inter-basin flow from Dry Lake Valley
209 GW Outflow (Pahranagat) 0 -97.3 -12.93

SE ROA 46682

JA_14051



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

210 GW Outflow (Coyote Spr) 25,500 -97.3 -12.93

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

206 Kane Springs Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 4,500 -88.9 -12.20
ET ET 0 -88.9 -12.20
210 GW Outflow (Coyote Spr) 4,500 -88.9 -12.20

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

210 Coyote Springs Valley

209 Inflow (Pahranagat) 20,400 -104.3 -13.95
182 Inflow (Delamar) 25,500 -97.3 -12.93
206 Inflow (Kane Springs) 4,500 -88.9 -12.20
TR Total Recharge 2,300 -90.8 -12.53
ET ET 0 -90.8 -12.53
CARB Carbonate Well (Avg) 6 -100.7 -13.11 -99.4 -13.28 Flow weighted average of inter-basin flow from Pahranagat, Kane Springs, and Delamar Valleys
219 GW Outflow (Muddy) 37,700 -99.0 -13.24
217 GW Outflow (Hidden) 15,000 -99.0 -13.24

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

219 Upper Moapa (Muddy) Valley

205 Inflow (LMVW) 4,000 -96.3 -12.92
210 Inflow (Coyote) 37,700 -99.0 -13.24
TR Total Recharge 0 -87.4 -11.92
Warm Dicharge Warm Sprs (Avg) 8,300 49 -97.8 -12.90 -98.8 -13.21 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
CARB Deep Carbonate Well (Avg) Input into M 4 -97.9 -12.97 -98.8 -13.21 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
ET ET 6,000 -98.8 -13.21
Gage Moapa Gage 34,000
218 SW Outflow (California) 34,000
218 GW Outflow (California) 1,700 -98.8 -13.21

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

217 Hidden Valley

210 Inflow (Coyote) 15,000 -99.0 -13.24
TR Total Recharge 0 -81.0 -10.60
ET ET 0 -81.0 -10.60
216 GW Outflow (Garnet ) 15,000 -99.0 -13.24

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

216 Garnet Valley

217 Inflow (Hidden) 15,000 -99.0 -13.24
TR Total Recharge 100 -81.0 -10.60
CARB Wells (Avg) 6 -96.9 -13.32 -99.0 -13.24 Inter-basin flow from Hidden Valley
ET ET 0 -81.0 -10.60
218 GW Outflow (California) 15,100 -98.9 -13.23

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

218 California Wash

SE ROA 46683

JA_14052



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

219 SW Inflow (Muddy) 34,000
205 SW Inflow (LMVW) 0
219 Inflow (Muddy) 1,700 -98.8 -13.21
205  Inflow (Lower Meadow VW) 5,200 -96.3 -12.92
216 Inflow (Garnet) 15,100 -98.9 -13.23
TR Total Recharge 0 -82.0 -10.6
ET ET 4,500 -82.0 -10.60
CARB Carbonate Well (Avg) -99.0 -13.45 -98.3 -13.15 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
220 GW Outflow (Lower Moapa) 18,800 -98.3 -13.15
215 GW Outflow (Black Mtn Area) 2,000 -98.3 -13.15
220 SW Outflow (Lower Moapa) 30,700

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

215 Black Mountains Area

218 Inflow (California Wash) 2,000 -98.3 -13.15
TR Total Recharge 0 -81.3 -10.75
ET ET 1,400 -81.3 -10.75
CARB Carbonate Spr (Avg) 1,700 13 -91.3 -12.01 -98.3 -13.15 Weighted Average of Inflow from Califronia Wash 
999 GW Outflow (Colorado River) 600 -98.3 -13.15

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

220 Lower Moapa Valley

218 GW Inflow (California Wash) 18,800 -98.3 -13.15
218 SW Inflow (California Wash ) 30,700
TR Total Recharge 0 -88.3 -12.50
CARB Carbonate Well (Avg) 2 -91.0 -12.58 -96.3 -12.92 Inter-basin flow from Lower Meadow Valley Wash
ET ET 25,300 -88.3 -12.50
999 GW Outflow (Colorado River) 17,200 -98.3 -13.15
999 SW Outflow (Colorado River) 7,000

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

Colorado R Lake Mead (Colorado River)

210 GW Inflow (Black Mountains Area) 600 -98.3 -13.15
205 GW Inflow (Lower Moapa) 17,200 -98.3 -13.15
999 Groundwater Total 17,800 -98.3 -13.15

205 SW Inflow (Lower Moapa) 7,000
999 Surfacewater Total 7,000

999 Inflow Total 24,800

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

183 Lake Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 12,200 -105.7 -14.12
ET ET 6,100 -105.7 -14.12
202 GW Outflow (Patterson) 6,100 -105.7 -14.12

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

202 Patterson Valley

183 Inflow (Lake) 6,100 -105.7 -14.12

SE ROA 46684

JA_14053



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

TR Total Recharge 10,500 -98.3 -13.03
ET ET 1,300 -98.3 -13.03
203 GW Outflow (Panaca) 15,300 -101.3 -13.47

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

201 Spring Valley
0 Inflow (None) 0 0.0 0.00
TR Total Recharge 11,100 -99.4 -13.28
ET ET 3,900 -99.4 -13.28
200 GW Outflow (Eagle) 7,200 -99.4 -13.28
200 SW Outflow (Eagle) 0 -97.5 -13.00

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

200 Eagle Valley

201 Inflow (Spring) 7,200 -99.4 -13.28
201 SW Inflow (Spring) 0 -97.5 -13.00
TR Total Recharge 2,000 -98.7 -13.15
ET ET 1,000 -98.7 -13.15
199 GW Outflow (Rose) 8,200 -99.3 -13.26
198 SW Outflow (Rose) 0 -98.7 -13.00

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

199 Rose Valley

200 Inflow (Eagle) 8,200 -99.3 -13.26
200 SW Inflow (Eagle) 0 -98.7 -13.00
TR Total Recharge 200 -98.4 -13.08
ET ET 600 -98.4 -13.08
198 GW Outflow (Dry) 7,800 -99.3 -13.25
198 SW Outflow (Dry) 0 -98.4 -13.08

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

198 Dry Valley

199 Inflow (Rose) 7,800 -99.3 -13.25
199 SW Inflow (Rose) 0 -98.4 -13.08
TR Total Recharge 3,200 -96.9 -12.96
ET ET 3,700 -97.2 -13.00
203 GW Outflow (Panaca) 7,300 -99.3 -13.25
203 SW Outflow (Panaca) 0 -97.2 -13.00

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

204 Clover Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 14,700 -92.1 -12.46
ET ET 5,200 -92.1 -12.46
205 GW Outflow (LMVW) 9,500 -92.1 -12.46
205 SW Outflow (LMVW) 0 -92.1 -12.46

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

203 Panaca Valley

202 Inflow (Patterson) 15,300 -101.3 -13.47

SE ROA 46685

JA_14054



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

198 Inflow (Dry) 7,300 -99.3 -13.25
198 SW Inflow (Dry) 0 -97.2 -13.00
TR Total Recharge 5,500 -95.8 -12.78
Warm Bennett Spring 20 1 141 Spring -103.0 -13.70 -101.3 -13.47 Inter-basin flow from Patterson Valley
Warm Caliente Hot Springs (Hotel) 0 8 129 Spring -107.9 -14.44 -105.7 -14.12 Inter-basin flow from Lake Valley
Warm Panaca Spring 7700 13 144  Spring -106.9 -14.14 -105.7 -14.12 Inter-basin flow from Lake Valley
ET ET 18,900 -99.2 -13.22
205 GW Outflow (LMVW) 9,200 -100.6 -13.40
205 SW Outflow (LMVW) 0 -99.2 -13.22

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

205 Lower Meadow Valley Wash

203 Inflow (Panaca) 9,200 -100.6 -13.40
204 Inflow (Clover) 9,500 -92.1 -12.46
203 SW Inflow (Panaca) 0 -99.2 -13.22
204 SW Inflow (Clover) 0 -92.1 -12.46
TR Total Recharge 12,400 -90.4 -12.24
Warm Kershaw-Ryan Spring #1 1 250 Spring -95.1 -13.11 -96.3 -12.92 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
Warm EH-6 Weiser Wash 1 59 Well -99.5 -13.90
Warm EH-8 Weiser Wash 1 57 Well -96.5 -13.70
Alluvial Well Railroad Well (Farrier, NV) 1 80 Well -97.5 -12.50
ET ET 21,900 -93.0 -12.54
206 GW Outflow (Upper Moapa) 4,000 -96.3 -12.92
218 GW Outflow (California Wash) 5,200 -96.3 -12.92
218 SW Outflow (California Wash) 0 -90.4 -12.24

XXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

SE ROA 46686

JA_14055



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

175 Long Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 10,300 -121.7 -15.85
ET ET 2,000 -121.7 -15.85
174 GW Outflow (Jakes) 8,300 -121.7 -15.85

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

174 Jakes Valley

175 Inflow (Long) 8,300 -121.7 -15.85
TR Total Recharge 17,000 -119.7 -15.66
ET ET 0 -120.3 -15.72
207N GW Outflow (NWRV) 25,300 -120.3 -15.72

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

180 Cave Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 14,000 -106.6 -14.28
ET ET 200 -106.6 -14.28
 Well 180W902 1 601 Deep Well -104.7 -14.12
 Well 180W501 1 600 Deep Well -105.6 -14.12
181 GW Outflow (Dry Lake) 0 -106.6 -14.28
207S GW Outflow (SWRV) 13,800 -106.6 -14.28

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207N North White River Valley

174 Inflow (Jakes) 25,300 -120.3 -15.72
TR Total Recharge 25,700 -113.7 -15.16
Warm Discharge Warm Sprs (Avg) 8,900 14 -122.6 -15.92 -120.3 -15.72 Inter-basin flow from Jakes Valley
ET ET 22,000 -117.0 -15.44
207S GW Outflow (SWRV) 29,000 -117.0 -15.44

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207S South White River Valley WRV Tot Recharge
38,000

207N Inflow (N White River) 29,000 -117.0 -15.44
180 Inflow (Cave) 13,800 -106.6 -14.28
TR Total Recharge 12,300 -106.7 -14.18
Warm Discharge Warm Sprs (Avg) 13,200 13 -119.2 -15.71 -117.0 -15.44 Inter-basin flow from Northern White River Valley
ET ET 13,000 -112.1 -14.87
208 GW Outflow (Pahroc) 42,100 -112.1 -14.87
208 GW Outflow (Garden Valley) 0 -112.1 -14.87

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXXX

172 Garden Valley

172 Inflow (None) 0 -112.1 -14.87
TR Total Recharge 10,000 -104.2 -14.00

Reconnaissance Series Water Budget

SE ROA 46687

JA_14056



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

ET ET 2,000 -104.2 -14.00
171 GW Outflow (Coal) 8,000 -104.2 -14.00

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

171 Coal Valley

172 Inflow (Garden) 8,000 -104.2 -14.00
172 Inflow (SWRV) 0 -112.1 -14.87
TR Total Recharge 2,000 -98.7 -13.05
Carb Well USGS-MX C.V. Well (CV-DT-1) 2 176 Well -109.0 -14.56 -104.2 -14.0 Underflow from Garden Valley
ET ET 0 -103.1 -13.81
208 GW Outflow (Pahranagat) 10,000 -103.1 -13.81

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

208 Pahroc Valley

207S Inflow (S. White River) 42,100 -112.1 -14.87
171 Inflow (Coal) 0 0.0 0.00
TR Total Recharge 2,200 -96.8 -12.80
ET ET 0 -111.3 -14.77
209 GW Outflow (Pahranagat) 44,300 -111.3 -14.77

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

209 Pahranagat Valley

208 Inflow (Pahroc) 44,300 -111.3 -14.77
171 Inflow (Coal) 10,000 -103.1 -13.81
209 Inflow (Delamar) 6,200 -97.7 -12.96
TR Total Recharge 1,800 -97.4 -13.83
Warm Discharge Warm Springs (Avg) 25,400 31 -108.9 -14.26 -111.3 -14.77 Inter-basin flow from Pahroc Valley
ET ET 25,000 -108.3 -14.41
Warm 209M-1 1 608 Deep Well -104.7 -13.53 -111.3 -14.77 Inter-basin flow from Pahroc Valley
210 GW Outflow (Coyote Spr) 37,300 -108.3 -14.41

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

181 Dry Lake Valley

180 Inflow (None) 0 0.0 0.00
TR Total Recharge 5,000 -98.9 -13.10
Carb Well Fugro Dry Lake V Deep Well 2 179 Well -107.5 -14.16 -98.9 -13.10 Local Recharge
Carb Well 181M1 1 603 Deep Well -105.0 -13.67 -98.9 -13.10 Local Recharge
Carb Well 181W909M 1 604 Deep Well -104.6 -13.50 -98.9 -13.10 Local Recharge
ET ET 0 -98.9 -13.10
209 GW Outflow (Pahranagat) 0 -98.9 -13.10
182 GW Outflow (Delamar) 5,000 -98.9 -13.10

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

182 Delamar Valley

181 Inflow (Dry Lake) 5,000 -98.9 -13.10
TR Total Recharge 1,200 -92.7 -12.38
ET ET 0 -97.7 -12.96
Well 182W906M 1 607 Deep Well -100.3 -13.33 -98.9 -13.10 Inter-basin flow from Dry Lake Valley
209 GW Outflow (Pahranagat) 6,200 -97.7 -12.96
210 GW Outflow (Coyote Spr) 0 -97.7 -12.96

SE ROA 46688

JA_14057



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

206 Kane Springs Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 600 -89.0 -12.22
ET ET 0 -89.0 -12.22
210 GW Outflow (Coyote Spr) 600 -89.0 -12.22

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

210 Coyote Springs Valley

209 Inflow (Pahranagat) 37,300 -108.3 -14.41
182 Inflow (Delamar) 0 0.0 0.00
206 Inflow (Kane Springs) 600 -89.0 -12.22
TR Total Recharge 2,000 -92.6 -12.81
ET ET 500 -107.2 -14.29
219 GW Outflow (Muddy) 39,400 -107.2 -14.29
217 GW Outflow (Hidden) 0 0.0 0.00
216 GW Outflow (Garnet) 0 0.0 0.00

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

219 Upper Moapa (Muddy) Valley

205 Inflow (LMVW) 0 0.0 0.00
210 Inflow (Coyote) 39,400 -107.2 -14.29
TR Total Recharge 0 -87.3 -11.86
Warm Dicharge Warm Sprs (Avg) 8,300 49 -97.8 -12.90 -107.2 -14.29 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
CARB Deep Carbonate Well (Avg) Input into M 4 -97.9 -12.97 -107.2 -14.29 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
ET ET 0 -107.2 -14.29
Gage Moapa Gage 34,000
218 SW Outflow (California) 34,000 -107.2 -14.29
218 GW Outflow (California) 5,400 -107.2 -14.29

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

217 Hidden Valley

210 Inflow (Coyote) 0 0.0 0.00
TR Total Recharge 400 -81.0 -10.60
ET ET 0 -81.0 -10.60
216 GW Outflow (Garnet ) 400 -81.0 -10.60

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

216 Garnet Valley

217 Inflow (Hidden) 400 -81.0 -10.60
TR Total Recharge 400 -81.0 -10.60
CARB Wells (Avg) 6 -96.9 -13.32 -81.0 -10.60 Inter-basin flow from Hidden Valley
ET ET 0 -81.0 -10.60
218 GW Outflow (California) 800 -81.0 -10.60

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

218 California Wash

219 Inflow (LMVW) 12,700 -98.7 -13.20

SE ROA 46689

JA_14058



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

219 Inflow (Muddy) 5,400 -107.2 -14.29
216 Inflow (Garnet) 800 -81.0 -10.60
218 SW Inflow (Muddy) 34,000
TR Total Recharge 100 -82.0 -10.60
CARB Carbonate Well (Avg) -99.0 -13.45 -103.8 -13.82 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
ET ET 1,000 -100.3 -13.38
220 GW Outflow (Lower Moapa) 21,300 -100.3 -13.38
215 GW Outflow (Black Mtn Area) 0 -100.3 -13.38
220 SW Outflow (Lower Moapa) 30,700

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

215 Black Mountains Area

218 Inflow (California Wash) 0 -100.3 -13.38
TR Total Recharge 100 -85.0 -10.95
CARB Carbonate Spr (Avg) 1,700 13 -91.3 -12.01 -85.0 -10.95 Weighted Average of Inflow from Califronia Wash plus recharge from Muddy Mountains
ET ET 0 -85.0 -10.95
999 GW Outflow (Colorado River) 100 -85.0 -10.95

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

220 Lower Moapa Valley

219 Inflow (Muddy) 21,300 -107.2 -14.29
218 SW Inflow (Muddy) 30,700
TR Total Recharge 100 -88.3 -12.50
CARB Carbonate Well (Avg) 2 -91.0 -12.58 -107.2 -14.29 Inter-basin flow from Lower Meadow Valley Wash
ET ET 24,000 -107.1 -14.29
999 GW Outflow (Colorado River) 21,100 -107.1 -14.29
999 SW Outflow (Colorado River) 7,000

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

Colorado R Lake Mead (Colorado River)

210 GW Inflow (Black Mountains Area) 0 0.0 0.00
205 GW Inflow (Lower Moapa) 21,100 -107.1 -14.29
999 Groundwater Total 21,100 -107.1 -14.29

205 SW Inflow (Lower Moapa) 7,000
999 Surfacewater Total 7,000

999 Inflow Total 28,100

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

183 Lake Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 13,000 -106.2 -14.24
ET ET 9,000 -106.2 -14.24
202 GW Outflow (Patterson) 4,000 -106.2 -14.24

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

202 Patterson Valley

183 Inflow (Lake) 4,000 -106.2 -14.24
TR Total Recharge 6,000 -98.2 -13.03
ET ET 100 -101.4 -13.51

SE ROA 46690

JA_14059



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

203 GW Outflow (Panaca) 9,900 -101.4 -13.51

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

201 Spring Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 10,000 -99.4 -13.26
ET ET 10,000 -99.4 -13.26
200 GW Outflow (Eagle) 0 -99.4 -13.26

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

200 Eagle Valley

201 Inflow (Spring) 0 -99.4 -13.26
TR Total Recharge 1,300 -98.9 -13.20
ET ET 1,000 -98.9 -13.20
199 GW Outflow (Rose) 300 -98.9 -13.20

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

199 Rose Valley

200 Inflow (Eagle) 300 -98.9 -13.20
TR Total Recharge 0 -98.6 -13.14
ET ET 100 -98.9 -13.20
198 GW Outflow (Dry) 200 -98.9 -13.20

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

198 Dry Valley

199 Inflow (Rose) 200 -98.9 -13.20
TR Total Recharge 1,500 -96.9 -12.99
ET ET 1,000 -97.1 -13.02
203 GW Outflow (Panaca) 700 -97.1 -13.02

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

204 Clover Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 1,800 -92.1 -12.47
ET ET 0 -92.1 -12.47
205 GW Outflow (LMVW) 1,800 -92.1 -12.47

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

203 Panaca Valley

202 Inflow (Patterson) 9,900 -101.4 -13.51
198 Inflow (Dry) 700 -97.1 -13.02
TR Total Recharge 1,900 -96.8 -12.95
Warm Bennett Spring 20 1 141 Spring -103.0 -13.70 -101.4 -13.51 Inter-basin flow from Patterson Valley
Warm Caliente Hot Springs (Hotel) 0 8 129 Spring -107.9 -14.44 -106.2 -14.24 Inter-basin flow from Lake Valley
Warm Panaca Spring 7700 13 144  Spring -106.9 -14.14 -106.2 -14.24 Inter-basin flow from Lake Valley
ET ET 2,000 -100.5 -13.40
205 GW Outflow (LMVW) 12,500 -100.5 -13.40

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

SE ROA 46691

JA_14060



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

205 Lower Meadow Valley Wash

203 Inflow (Panaca) 12,500 -100.5 -13.40
204 Inflow (Clover) 1,800 -92.1 -12.47
TR Total Recharge 1,400 -91.1 -12.29
Warm Kershaw-Ryan Spring #1 1 250 Spring -95.1 -13.11 -99.4 -13.28 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
Warm EH-6 Weiser Wash 1 59 Well -99.5 -13.90
Warm EH-8 Weiser Wash 1 57 Well -96.5 -13.70
Alluvial Well Railroad Well (Farrier, NV) 1 80 Well -97.5 -12.50
ET ET 1,000 -98.7 -13.20
206 GW Outflow (Upper Moapa) 0 -98.7 -13.20
218 GW Outflow (California Wash) 12,700 -98.7 -13.20

XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

SE ROA 46692

JA_14061



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

175 Long Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 10,300 -121.7 -15.85
ET ET 2,000 -121.7 -15.85
174 GW Outflow (Jakes) 8,300 -121.7 -15.85

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

174 Jakes Valley

175 Inflow (Long) 8,300 -121.7 -15.85
TR Total Recharge 17,000 -119.7 -15.66
ET ET 0 -119.7 -15.66
207N GW Outflow (NWRV) 25,300 -120.3 -15.72

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

180 Cave Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 14,000 -106.6 -14.28
ET ET 200 -106.6 -14.28
 Well 180W902 1 601 Deep Well -104.7 -14.12
 Well 180W501 1 600 Deep Well -105.6 -14.12
181 GW Outflow (Dry Lake) 0 -106.6 -14.28
207S GW Outflow (SWRV) 13,800 -106.6 -14.28

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207N North White River Valley

174 Inflow (Jakes) 25,300 -120.3 -15.72
TR Total Recharge 25,700 2 -113.7 -15.16
Warm Discharge Warm Sprs (Avg) 8,900 14 -122.6 -15.92 -120.3 -15.72 Inter-basin flow from Jakes Valley

ET ET 22,000 -113.7 -15.16
207S GW Outflow (SWRV) 29,000 -119.5 -15.65

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207S South White River Valley WRV Tot Recharge
38,000

207N Inflow (N White River) 29,000 -119.5 -15.65
180 Inflow (Cave) 13,800 -106.6 -14.28
TR Total Recharge 12,300 -106.7 -14.18
Warm Discharge Warm Sprs (Avg) 13,200 -119.2 -15.71 -119.5 -15.65 Inter-basin flow from Northern White River Valley
ET ET 13,000 -107.2 -14.24
208 GW Outflow (Pahroc) 42,100 -115.3 -15.21
208 GW Outflow (Garden Valley) 0 -115.3 -15.21

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXXX

172 Garden Valley

172 Inflow (None) 0 -115.3 -15.21

Reconnaissance Series Water Budget

SE ROA 46693

JA_14062



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

TR Total Recharge 10,000 -104.5 -14.06
ET ET 2,000 -104.5 -14.06
171 GW Outflow (Coal) 8,000 -104.5 -14.06

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

171 Coal Valley

172 Inflow (Garden) 8,000 -104.5 -14.06
172 Inflow (SWRV) 0 -115.3 -15.21
TR Total Recharge 2,000 -98.7 -13.05
Carb Well USGS-MX C.V. Well (CV-DT-1) 2 176 Well -109.0 -14.56 -104.5 -14.06 Underflow from Garden Valley
ET ET 0 -98.7 -13.05
208 GW Outflow (Pahranagat) 10,000 -103.4 -13.85

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

208 Pahroc Valley

207S Inflow (S. White River) 42,100 -115.3 -15.21
TR Total Recharge 2,200 2 -96.8 -12.80
ET ET 0 -96.8 -12.80
209 GW Outflow (Pahranagat) 44,300 -114.4 -15.09

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

209 Pahranagat Valley

208 Inflow (Pahroc) 44,300 -114.4 -15.09
171 Inflow (Coal) 10,000 -103.4 -13.85
209 Inflow (Delamar) 6,200 -97.7 -12.96
TR Total Recharge 1,800 -97.4 -13.83
Warm Discharge Warm Springs (Avg) 25,400 31 -108.9 -14.26 -114.4 -15.09 Inter-basin flow from Pahroc Valley
ET ET 25,000 -109.9 -14.61
Well 209M-1 1 608 Deep Well -104.7 -13.53 -114.4 -15.09 Inter-basin flow from Pahroc Valley
210 GW Outflow (Coyote Spr) 37,300 -110.9 -14.67

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

181 Dry Lake Valley

180 Inflow (None) 0 0.0 0.00
TR Total Recharge 5,000 -98.9 -13.10
Carb Well Fugro Dry Lake V Deep Well 2 179 Well -107.5 -14.16 -98.9 -13.10 Local Recharge
Carb Well 181M1 1 603 Deep Well -105.0 -13.67 -98.9 -13.10 Local Recharge
Carb Well 181W909M 1 604 Deep Well -104.6 -13.50 -98.9 -13.10 Local Recharge
ET ET 0 -98.9 -13.10
209 GW Outflow (Pahranagat) 0 -98.9 -13.10
182 GW Outflow (Delamar) 5,000 -98.9 -13.10

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

182 Delamar Valley

181 Inflow (Dry Lake) 5,000 -98.9 -13.10
TR Total Recharge 1,200 -92.7 -12.38
ET ET 0 -92.7 -12.38
Well 182W906M 1 607 Deep Well -100.3 -13.33 -98.9 -13.10 Inter-basin flow from Dry Lake Valley
209 GW Outflow (Pahranagat) 6,200 -97.7 -12.96
210 GW Outflow (Coyote Spr) 0 -97.7 -12.96

SE ROA 46694

JA_14063



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

206 Kane Springs Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 600 -89.0 -12.22
ET ET 0 -89.0 -12.22
210 GW Outflow (Coyote Spr) 600 -89.0 -12.22

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

210 Coyote Springs Valley

209 Inflow (Pahranagat) 37,300 -110.9 -14.67
182 Inflow (Delamar) 0 0.0 0.00
206 Inflow (Kane Springs) 600 -89.0 -12.22
TR Total Recharge 2,000 -92.6 -12.81
ET ET 500 -92.6 -12.81
219 GW Outflow (Muddy) 39,400 -109.8 -14.56
217 GW Outflow (Hidden) 0 -109.8 -14.56
216 GW Outflow (Garnet) 0 -109.8 -14.56

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

219 Upper Moapa (Muddy) Valley

205 Inflow (LMVW) 0 0.0 0.00
210 Inflow (Coyote) 39,400 -109.8 -14.56
TR Total Recharge 0 -87.3 -11.86
Warm Dicharge Warm Sprs (Avg) 8,300 49 -97.8 -12.90 -109.8 -14.56 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
CARB Deep Carbonate Well (Avg) Input into M 4 -97.9 -12.97 -109.8 -14.56 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
ET ET 0 -87.3 -11.86
Gage Moapa Gage 34,000
218 SW Outflow (California) 34,000 -109.8 -14.56
218 GW Outflow (California) 5,400 -109.8 -14.56

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

217 Hidden Valley

210 Inflow (Coyote) 0 -109.8 -14.56
TR Total Recharge 400 -81.0 -10.60
ET ET 0 -81.0 -10.60
216 GW Outflow (Garnet ) 400 -81.0 -10.60

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

216 Garnet Valley

217 Inflow (Hidden) 400 -81.0 -10.60
TR Total Recharge 400 -81.0 -10.60
CARB Wells (Avg) 6 -96.9 -13.32 -81.0 -10.60 Inter-basin flow from Hidden Valley
ET ET 0 -81.0 -10.60
218 GW Outflow (California) 800 -81.0 -10.60

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

218 California Wash

219 Inflow (LMVW) 12,700 -99.8 -13.33
219 Inflow (Muddy) 5,400 -109.8 -14.56

SE ROA 46695

JA_14064



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

216 Inflow (Garnet) 800 -81.0 -10.60
218 SW Inflow (Muddy) 34,000
TR Total Recharge 100 -82.0 -10.60
CARB Carbonate Well (Avg) -99.0 -13.45 -106.1 -14.05 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
ET ET 1,000 -99.9 -13.3
220 GW Outflow (Lower Moapa) 21,300 -101.9 -13.57
215 GW Outflow (Black Mtn Area) 0 -101.9 -13.57
220 SW Outflow (Lower Moapa) 30,700

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

215 Black Mountains Area
218 Inflow (California Wash) 0 -101.9 -13.57
TR Total Recharge 100 -85.0 -10.95
CARB Carbonate Spr (Avg) 1,700 13 -91.3 -12.01 -85.0 -10.95 Weighted Average of Inflow from Califronia Wash plus recharge from Muddy Mountains
ET ET 0 -85.0 -10.95
999 GW Outflow (Colorado River) 100 -85.0 -10.95

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

220 Lower Moapa Valley

219 Inflow (Muddy) 21,300 -101.9 -13.57
218 SW Inflow (California Wash ) 30,700
TR Total Recharge 100 -88.3 -12.50
CARB Carbonate Well (Avg) 2 -91.0 -12.58 -101.9 -13.57 Inter-basin flow from Lower Meadow Valley Wash
ET ET 24,000 -101.8 -13.56
999 GW Outflow (Colorado River) 19,100 -101.9 -13.57
999 SW Outflow (Colorado River) 9,000

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

Colorado R Lake Mead (Colorado River)

210 GW Inflow (Black Mountains Area) 100 -85.0 -10.95
205 GW Inflow (Lower Moapa) 19,100 -101.9 -13.57
999 Groundwater Total 19,200 -101.8 -13.55

205 SW Inflow (Lower Moapa) 9,000
999 Surfacewater Total 9,000

999 Inflow Total 28,200

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

183 Lake Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 13,000 -106.2 -14.24
ET ET 9,000 -106.2 -14.24
202 GW Outflow (Patterson) 4,000 -106.2 -14.24

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

202 Patterson Valley

183 Inflow (Lake) 4,000 -106.2 -14.24
TR Total Recharge 6,000 -98.2 -13.03
ET ET 100 -98.2 -13.03
203 GW Outflow (Panaca) 9,900 -101.5 -13.52

SE ROA 46696
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

201 Spring Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 10,000 -99.4 -13.26
ET ET 10,000 -99.4 -13.26
200 GW Outflow (Eagle) 0 -99.4 -13.26

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

200 Eagle Valley

201 Inflow (Spring) 0 -99.4 -13.26
TR Total Recharge 1,300 -98.9 -13.20
ET ET 1,000 -98.9 -13.20
199 GW Outflow (Rose) 300 -98.9 -13.20

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

199 Rose Valley

200 Inflow (Eagle) 300 -98.9 -13.20
TR Total Recharge 0 -98.6 -13.14
ET ET 100 -98.6 -13.14
198 GW Outflow (Dry) 200 -98.9 -13.20

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

198 Dry Valley

199 Inflow (Rose) 200 -98.9 -13.20
TR Total Recharge 1,500 -96.9 -12.99
ET ET 1,000 -96.9 -12.99
203 GW Outflow (Panaca) 700 -97.4 -13.05

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

204 Clover Valley

0 Inflow (None) 0 0.0 0.00
TR Total Recharge 1,800 -92.1 -12.47
ET ET 0 -92.1 -12.47
205 GW Outflow (LMVW) 1,800 -92.1 -12.47

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

203 Panaca Valley

202 Inflow (Patterson) 9,900 -101.5 -13.52
198 Inflow (Dry) 700 -97.4 -13.05
TR Total Recharge 1,900 -96.8 -12.95
Warm Bennett Spring 20 1 141 Spring -103.0 -13.70 -101.5 -13.52 Inter-basin flow from Patterson Valley
Warm Caliente Hot Springs (Hotel) 0 8 129 Spring -107.9 -14.44 -106.2 -14.24 Inter-basin flow from Lake Valley
Warm Panaca Spring 7700 13 144  Spring -106.9 -14.14 -106.2 -14.24 Inter-basin flow from Lake Valley
ET ET 2,000 -97.1 -12.98
205 GW Outflow (LMVW) 12,500 -101.2 -13.49

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

205 Lower Meadow Valley Wash
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

203 Inflow (Panaca) 12,500 -101.2 -13.49
204 Inflow (Clover) 1,800 -92.1 -12.47
TR Total Recharge 1,400 -91.1 -12.29
Warm Kershaw-Ryan Spring #1 1 250 Spring -95.1 -13.11 -100.0 -13.36 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
Warm EH-6 Weiser Wash 1 59 Well -99.5 -13.90
Warm EH-8 Weiser Wash 1 57 Well -96.5 -13.70
Alluvial Well Railroad Well (Farrier, NV) 1 80 Well -97.5 -12.50
ET ET 1,000 -91.1 -12.29
206 GW Outflow (Upper Moapa) 0 -99.8 -13.33
218 GW Outflow (California Wash) 12,700 -99.8 -13.33

XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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APPENDIX 2. Detailed isotope mass-balance models showing: (1) estimates of 
recharge amounts and their average deuterium and oxygen-18 values; (2) estimates 
of pre-development ET amounts and their average deuterium and oxygen-18 values; 
and (3) all the sites that were used to calculate average deuterium and oxygen-18 
values for recharge areas and regional warm spring areas. 
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

175 Long Valley

0 Inflow (None) 0 0.0 0.00
175 SE Butte Mtn. (S) 2,507 -119.6 -15.53 35
175 SW Alligator Rdg. 3,496 -122.4 -15.96 36
175 NW Maverick Springs 10,881 -123.9 -16.23 37
175 NE Butte Mtn. (N) 3,044 -119.2 -15.36 164
TR Total Recharge 19,900 -122.4 -15.96
SE Butte Spring 1 327  Spring -120.4 -15.79
SE Cabin Spring 1 328  Spring -124.4 -15.89
SE Robbers Roost #2 Spring (Butte) 1 340  Spring -112.0 -14.39
SE Deer Spring (Butte) 1 332 Spring -114.1 -14.74
SE Summit Spring 1 348  Spring -120.8 -15.94
SE Thirty Mile Spring 1 242 Spring -126.0 -16.40
NW Mud Spring (Buck Mts) 1 339  Spring -117.6 -15.21
NW Ram. Res. Wtr Supply Well 1 244 Well -129.5 -16.75
NW Unnamed Near Little Willow Spring 1 351  Spring -125.9 -17.04
NW Well at Alligator Ridge 1 243 Well -127.0 -16.60
NW Woodchuck Spring 1 356  Spring -119.6 -15.55
NE White Rock Spring (Butte) 1 355  Spring -119.2 -15.36
ET ET 3,000 -122.4 -15.96
154 GW Outflow (Newark) 0 -122.4 -15.96
174 GW Outflow (Jakes) 16,900 -122.4 -15.96

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

174 Jakes Valley

175 Inflow (Long) 16,900 -122.4 -15.96
174 E Egan Range 2,722 -118.4 -15.31 33
174 W North White Pine 9,567 -120.3 -15.83 34
TR Total Recharge 12,300 -119.9 -15.71
W Tunnel Spring 1 366  Spring -118.3 -15.02
W Aspen Springs North 1 349  Spring -119.3 -15.84
W Aspen Springs South 1 324  Spring -120.9 -16.02
W Chicken Spring 1 330  Spring -122.0 -16.17
W Circle Wash Spring 1 331  Spring -114.5 -15.30
W Sage Hen Spring 1 342  Spring -112.4 -14.76
W Sand Spring 1 239 Spring -123.0 -16.20
W Shellback Spring 1 344  Spring -123.6 -16.54
W Unnamed Hayden Canyon Spring 1 350  Spring -120.9 -15.69
W Unnamed Shellback Ridge Spring 1 352  Spring -123.6 -16.18
W Wild Horse Spring (White Pine) 1 240 Spring -129.0 -16.80
W Unnamed Stone Cabin Spring 2 354  Spring -116.2 -15.39
W/E Indian Spring (Butte) 1 334  Spring -119.1 -15.31
W/E Sammy Spring 1 343  Spring -117.6 -15.30
W Upper Illipah Crk 2 238 Surface -123.5 -16.10 Surface Water not included in recharge average
ET ET 400 -121.3 -15.86
207N GW Outflow (NWRV) 28,800 -121.3 -15.86

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

180 Cave Valley

0 Inflow (None) 0 0.0 0.00
180 E S. Schell Cr. Rng 7,132 -105.0 -14.28 43,44
180 W S. Egan Rng 7,527 -107.8 -14.28 45,46
TR Total Recharge 14,700 -106.5 -14.28
E North Creek Spring 1 214 Spring -105.0 -14.60
E Patterson Pass Spring WR3 15 305  Spring -108.4 -14.95
E Unnamed Spring in Schell Creek Range 4 304 Spring -107.3 -14.48
E Sheep Spring (Schell Ck) 1 212 Spring -99.5 -13.70
E Robbers Roost Spring (Schell Ck) 1 389 Spring -109.7 -14.75
E Sidehill Spring 1,600 2 200 Spring -100.4 -13.21

SNWA (2007 Water Budget)
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W Big Spring (Egan) 4 206 Spring -105.5 -13.90
W Chimney Rock Spring 2 219 Spring -110.5 -14.52
W Granite Spring 1 440 Spring -103.4 -13.32
W Haggerty Spring 1 387 Spring -109.6 -14.78
W Hole in the Bank Spring 1 386 Spring -114.9 -15.37
W Silver Spring 2 385 Spring -111.4 -14.71
W Shingle Spring 2 203 Spring -103.7 -13.33
W Perry Sp Barcass 37 1 408 Spring -107.7 -15.04
W Trough Spring 1 413 Spring -103.6 -13.56
ET ET 1,300 -106.5 -14.28
 Well 180W902 1 601 Deep Well -104.7 -14.12 -106.5 -14.28 Local recharge
 Well 180W501 1 600 Deep Well -105.6 -14.12 -106.5 -14.28 Local recharge
208 GW Outflow (Pahroc) 9,400 -106.5 -14.28
207S GW Outflow (SWRV) 4,000 -106.5 -14.28

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207N North White River Valley

174 Inflow (Jakes) 28,800 -121.3 -15.86
207 NE Egan Rng North 16,085 -112.3 -15.15 38
207 NW White Pine Rng. 11,430 -115.0 -15.18 39, 40
TR Total Recharge 27,500 -113.4 -15.16
NE on Creek Spring (Unnamed Spring in Gubler Canyon) 1 235 Spring -111.0 -14.90
NE Hole in the Bank Spring 1 386 Spring -114.9 -15.37
NE Lone Pine Spring 3 223 Spring -110.2 -14.90
NE High Springs 1 433 Spring -113.4 -15.43
NE Lion Spring (Egan Range) 1 430 Spring -114.8 -15.34
NE Mud Spring 1 446 Spring -111.0 -14.53
NE Pine Springs (Egan Range) 1 434 Spring -116.0 -15.71
NE Unnamed Spring #1(Egan) 1 435 Spring -112.2 -15.14
NE Unnamed Spring #2 (Egan Range) 1 436 Spring -110.0 -15.14
NE Unnamed Spring #3 (Egan Range) 1 437 Spring -110.2 -15.07
NE Unnamed Spring #4 (Egan Range) 1 438 Spring -114.0 -15.37
NE Unnamed Spring #5 (Egan Range) 1 445 Spring -109.6 -14.72
NE North Spring 2 237 Spring -112.4 -15.11
NE Second Sawmill Spring 1 222 Spring -110.0 -14.70
NE South Spring (Egan) 2 236 Spring -111.5 -15.12
NE Upper Terrace Spring WR2 14 270 Spring -114.0 -15.42
NE Water Canyon Spring 1 358 Spring -114.4 -15.60
NE Lund Spring 1 221 Spring -113.0 -15.40 Local Valley spring not included in recharge calculation
NE Water Canyon 2 233 Surface -116.0 -15.25 Surface Water not included in recharge average
NW Big Tom Plain Spring 1 326  Spring -121.1 -15.92
NW Deer Spring (White Pine) 2 322  Spring -119.3 -15.87
NW Unnamed Spring #1 (White Pine) 1 359  Spring -114.8 -15.36
NW Unnamed Spring #2 (White Pine) 1 360  Spring -114.9 -15.66
NW Unnamed Spring #3 (White Pine) 1 361  Spring -113.1 -14.96
NW Unnamed Spring #4 (White Pine) 1 362  Spring -116.3 -15.01
NW Unnamed Spring #5 (White Pine) 3 363  Spring -116.0 -15.36
NW Unnamed Spring #6 (White Pine) 1 364  Spring -115.1 -14.98
NW Halfway Spring (RS) 2 429 Spring -108.7 -13.52
NW Easter Spring 1 365  Spring -119.4 -15.56
NW Little Tom Plain Spring 2 337  Spring -121.0 -15.86
NW Monitoring Spring WR1 14 320 Spring -113.7 -15.58
NW Saddle Spring (White Pine) 3 357 Spring -116.8 -15.45
NW Secret Spring 1 220 Spring -110.0 -14.00
NW Unnamed Spring below Currant Mtn 1 226 Spring -107.0 -14.00
NW Stove Spring 1 347  Spring -114.5 -15.71
NW med Spring in dry creek bed (White Pine Range) 1 321 Spring -113.6 -15.31
NW Snowmelt Below Duckwater Peak 5,700 1 224 Surface -105.0 -14.10 Surface Water not included in recharge average
NW Little Currant Creek 1 217 Surface -113.0 -15.00 Surface Water not included in recharge average
Warm Cold Spring, Preston 1,000 2 230 Spring -123.5 -15.80
Warm Nicholas Spring 2,000 1 227 Spring -124.0 -16.10
Warm Preston Big Spring 5,900 11 231  Spring -122.0 -15.88
Warm Discharge Warm Sprs (Avg) 8,900 14 -122.6 -15.92 -121.3 -15.86 Inter-basin flow from Jakes Valley
ET ET 20,500 -117.5 -15.52
207S GW Outflow (SWRV) 35,800 -117.5 -15.52

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207S South White River Valley WRV Tot Recharge
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41,000
207N Inflow (N White River) 35,800 -117.5 -15.52
180 Inflow (Cave) 4,000 -106.5 -14.28
207 SE Egan Rng South 7,423 -106.9 -14.15 41
207 SW Grant Rng 6,117 -106.5 -14.23 42
TR Total Recharge 13,500 -106.7 -14.18
E Chimney Rock Spring 2 219 Spring -110.5 -14.52
E Granite Spring 1 440 Spring -103.4 -13.32
E Haggerty Spring 1 387 Spring -109.6 -14.78
E Silver Spring 2 385 Spring -111.4 -14.71
E Big Spring (Egan) 4 206 Spring -105.5 -13.90
E Shingle Spring 2 203 Spring -103.7 -13.33
E Perry Sp Barcass 37 1 408 Spring -107.7 -15.04
E Trough Spring 1 413 Spring -103.6 -13.56
E Butterfield Spring 4,000 1 202 Spring -105.0 -14.20 Local Valley spring not included in recharge calculation
E Emigrant Spring 1,900 2 207 Spring -107.8 -14.50 Local Valley spring not included in recharge calculation
E Flag Spring #3 1 201 Spring -105.0 -14.30 Local Valley spring not included in recharge calculation
SW Albert Spring 1 204 Spring -107.0 -13.95
SW Big Spring (Grant) 1 194 Spring -112.0 -15.20
SW Brady Spring 2 282 Spring -109.5 -15.38
SW Forest Home Spring (Unnamed Spring) 1 195 Spring -108.5 -14.50
SW Horse Spring (Grant) 1 370  Spring -99.5 -12.86
SW Teaspoon Spring 1 371  Spring -100.0 -13.26
SW Wiregrass Spring (Grant) 1 372  Spring -101.4 -13.29
SW Murphy Spring 1 373  Spring -114.5 -15.40
SW Little Spring (Grant Range) 1 369  Spring -99.4 -12.48 Evaporated so not used in recharge calculation
Warm Hot Creek Campground Well 0 1 198 Well -118.0 -15.30
Warm Hot Creek Springs 10,000 10 197  Spring -118.9 -15.69
Warm Moon River Spring 2,800 1 192 Spring -120.0 -15.80
Warm Moorman Spring 400 1 205 Spring -119.0 -15.70
Warm Discharge Warm Sprs (Avg) 13,200 13 -119.2 -15.71 -117.5 -15.52 Inter-basin flow from Northern White River Valley
ET ET 46,900 -113.9 -15.09
208 GW Outflow (Pahroc) 6,400 -113.9 -15.09

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXX

172 Garden Valley

0 Inflow (None) 0 0.0 0.00
SW Quinn Canyon Range 15,120 -104.6 -14.08 171
172 NW Grant Range 7,757 -106.5 -14.27 170
172 NE Golden Gate Rng 980 -98.0 -13.30 55
172 SE Worthington Mountains 962 -98.0 -13.30 56
TR Total Recharge 24,800 -104.7 -14.08
SW Unnamed Spring #7 (Quinn) 1 367  Spring -105.9 -14.23
SW Unnamed Spring #8 (Quinn) 1 368  Spring -104.4 -14.18
SW Adaven Spring 2 177 Spring -105.3 -14.01
SW Lower Little Cherry Cr Spring 1 182 Spring -103.0 -13.90
SW Carpenter Spring 1 171 Spring -95.0 -11.85 Evaporated so not used in recharge calculation
NW Big Spring (Grant) 1 194 Spring -112.0 -15.20
NW Brady Spring 2 282 Spring -109.5 -15.38
NW Forest Home Spring (Unnamed Spring) 1 195 Spring -108.5 -14.50
NW Horse Spring (Grant) 1 370  Spring -99.5 -12.86
NW Teaspoon Spring 1 371  Spring -100.0 -13.26
NW Wiregrass Spring (Grant) 1 372  Spring -101.4 -13.29
NW Murphy Spring 1 373  Spring -114.5 -15.40
NW Little Spring (Grant Range) 1 369  Spring -99.4 -12.48 Evaporated so not used in recharge calculation
SE The Seeps (Spring) 1 136 Spring -98.0 -13.30
ET ET 1,700 -104.7 -14.08
171 GW Outflow (Coal) 23,100 -104.7 -14.08

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

171 Coal Valley

172 Inflow (Garden) 23,100 -104.7 -14.08
172 Inflow (SWRV) 0 -113.9 -15.09
171 E Seaman Rng 1,182 -99.0 -13.13 75
171 W Golden Gate Rng 2,675 -98.2 -12.87 76
TR Total Recharge 3,900 -98.4 -12.95
W Cold Spring 1 288 Spring -98.9 -12.98
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W Henry Spring 1 287 Spring -97.4 -12.77
W Little Cut Spring 2 286  Spring -98.3 -12.85
E Seaman Spring 1 306 Spring -99.0 -13.13
Carb Well USGS-MX C.V. Well (CV-DT-1) 2 176 Well -109.0 -14.56 -104.7 -14.08 Underflow from Garden Valley
ET ET 0 -103.8 -13.91
208 GW Outflow (Pahroc) 27,000 -103.8 -13.91

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

208 Pahroc Valley

207S Inflow (S. White River) 6,400 -113.9 -15.09
170 Inflow (Cave) 9,400 -106.5 -14.28
171 Inflow (Coal) 27,000 -103.8 -13.91
208 E N. Pahroc Rng. 2,390 -94.2 -12.42 73
208 W Seaman Rng. 2,117 -99.0 -13.13 74
TR Total Recharge 4,500 -96.4 -12.75
E Black Rock Spring 2 158 Spring -93.8 -12.31
E Coyote Spring 2 169 Spring -95.1 -12.53
E Hamilton Spring 1 298 Spring -93.1 -11.76
E Little Boulder Spring 1 301 Spring -97.2 -13.06
E Mustang Spring 2 135 Spring -90.5 -12.49
E Pahroc Spring 3 131  Spring -92.2 -12.65
E Rattlesnake Spring 1 302 Spring -97.3 -12.65
E Unnamed Spring--nr Blackrock 1 299 Spring -94.3 -11.90
W Seaman Spring 1 306 Spring -99.0 -13.13
Evaporated White Rock Spring (Seaman Range) 1 154 Spring -90.0 -12.10 Evaporated not used in recharge calculation
ET ET 0 -105.0 -14.04
209 GW Outflow (Pahranagat) 45,300 -105.0 -14.04
181 GW Outflow (Dry Lake) 2,000 -106.5 -14.28

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

209 Pahranagat Valley

208 Inflow (Pahroc) 45,300 -105.0 -14.04
181 Inflow (Dry Lake) 0 -98.9 -13.12
209 Inflow (Delamar) 0 -97.3 -12.92
209 E S. Pahroc Rng. 1,283 -94.9 -12.83 77, 78
209 W Mt. Irish/Pahranagat Rng. 4,223 -98.4 -14.24 79, 80 (172, 173)
TR Total Recharge 5,500 -97.6 -13.91
E Eightmile Spring 2 295 Spring -95.6 -13.09
E Gulch Spring(Unnamed Spring in Hells Acres Gulch) 1 109 Spring -93.0 -12.30
E Sixmile Spring 1 112 Spring -93.4 -13.06
E Twin Spring 1 294 Spring -97.4 -13.24
E named Spring in Road(South Pahroc Range) 1 303 Spring -96.7 -13.07
E Unnamed Spring nr Six Mile seep 1 296 Spring -94.5 -12.62
E Water Tank 0.4mi West of Sixmile 1 297 Spring -93.8 -12.44
S Maynard Lake Spring (Unnamed Spring) 1 94 Spring -94.0 -12.30 Local Valley spring not included in recharge calculation
W Reed Spring 1 289 Spring -98.4 -14.24
Warm Ash Springs 12400 6 110 Spring -109.1 -14.11
Warm Little Ash Spring (Ash Spring) 500 1 111 Spring -107.2 -14.20
Warm Crystal Springs 8,200 17 116  Spring -108.8 -14.41
Warm Hiko Spring 4,300 7 122 Spring -108.7 -14.39
Warm Discharge Warm Springs (Avg) 25,400 31 -108.9 -14.26 -105.0 -14.04 Inter-basin flow from Pahroc Valley
ET ET 28,500 -104.2 -14.02
Well 209M-1 1 608 Deep Well -104.7 -13.53 -105.0 -14.04 Inter-basin flow from Pahroc Valley
210 GW Outflow (Coyote Spr) 22,300 -104.2 -14.02

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

181 Dry Lake Valley

208 Inflow (Pahroc) 2,000 -106.5 -14.28
181 NW S. Schell Ck Range 852 -100.4 -13.21 59
181 SW N. Pahroc Rng. 2,289 -94.2 -12.42 57
181 NE Fairview Rng. 3,490 -99.5 -12.89 58
181 E Bristol/Highland Rng. 7,465 -98.9 -13.28 61
181 SE Chief Rng. 1,571 -94.6 -12.36 62
TR Total Recharge 15,700 -98.0 -12.97
E Deadman Spring (Highland) 2 162 Spring -95.0 -12.07
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E Highland Spring 3 163  Spring -99.1 -13.36
E Lime Spring 2 160 Spring -98.5 -13.16
E Pine Spring 2 157 Spring -99.0 -13.37
E Connor Spring 1 283 Spring -100.6 -13.84
E Upper Conner Spring 2 156 Spring -101.2 -13.87
SE Red Rock Spring 1 256 Spring -95.0 -12.30
SE Abandoned Spring 1 266 Spring -94.5 -12.32
SE Buckboard Spring 1 264 Spring -88.2 -11.71
SE Cottonwood Spring (Delamar) 1 265 Spring -96.9 -12.87
SE Lower Chokecherry Spring 1 261 Spring -98.4 -12.98
SE Oak Spring 1 269 Spring -90.0 -11.87
SE Unnamed Chokecherry Spring 1 263 Spring -98.1 -12.54
SE Upper Chokecherry Spring 1 262 Spring -98.9 -12.96
SE Willow Spring 2 (So.of Oak Sps.summit) 1 260 Spring -91.2 -11.69
NE Bailey Spring (Fairview) 2 277 Spring -98.2 -12.69
NE Cottonwood Spring (Fairview) 1 274 Spring -102.2 -13.40
NE Littlefield Spring 1 275 Spring -98.5 -12.73
NE Lower Pony Spring 2 190 Spring -101.0 -13.25
NE Meloy Spring 1 276 Spring -99.8 -12.75
NE Scotty Spring 1 272 Spring -98.9 -12.73
NE Indian Spring near Steward Ranch 1 188 Spring -102.0 -13.60
NE Unnamed Spring near Pony Spring 1 191 Spring -99.0 -12.90
NE Fence Spring 1 278 Spring -97.4 -12.55
NE Fox Cabin 1 273 Spring -103.5 -13.59
NE Lower Fairview 1 281 Spring -97.5 -12.39
NE Robison Spring 1 279 Spring -97.9 -12.34
NE Upper Fairview 1 280 Spring -97.7 -12.66
SW Black Rock Spring 2 158 Spring -93.8 -12.31
SW Coyote Spring 2 169 Spring -95.1 -12.53
SW Hamilton Spring 1 298 Spring -93.1 -11.76
SW Little Boulder Spring 1 301 Spring -97.2 -13.06
SW Mustang Spring 2 135 Spring -90.5 -12.49
SW Pahroc Spring 3 131  Spring -92.2 -12.65
SW Rattlesnake Spring 1 302 Spring -97.3 -12.65
SW Unnamed Spring--nr Blackrock 1 299 Spring -94.3 -11.90
NW Sidehill Spring 1,600 2 200 Spring -100.4 -13.21
Evporated Grassy Spring 3 117 Spring -88.7 -11.08 Evaporated so not used in recharge calculation
Evaporated Wildhorse Spring (Fairview) 1 183 Spring -92.5 -11.70 Evaporated so not used in recharge calculation
Carb Well Fugro Dry Lake V Deep Well 2 179 Well -107.5 -14.16 -106.5 -14.28 Inter-basin flow from Cave Valley
Carb Well 181M1 1 603 Deep Well -105.0 -13.67 -106.5 -14.28 Inter-basin flow from Cave Valley
Carb Well 181W909M 1 604 Deep Well -104.6 -13.50 -106.5 -14.28 Inter-basin flow from Cave Valley
ET ET 0 -98.9 -13.12
209 GW Outflow (Pahranagat) 0 -98.9 -13.12
182 GW Outflow (Delamar) 17,700 -98.9 -13.12

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

182 Delamar Valley

181 Inflow (Dry Lake) 17,700 -98.9 -13.12
182 E Delamar Mtns. 5,415 -92.5 -12.32 81
182 W S. Pahroc Rng. 986 -94.6 -12.81 82
TR Total Recharge 6,400 -92.8 -12.39
E Abandoned Spring 1 266 Spring -94.5 -12.32
E Red Rock Spring 1 256 Spring -95.0 -12.30
E Oak Spring 1 269 Spring -90.0 -11.87
E Upper Chokecherry Spring 1 262 Spring -98.9 -12.96
E Upper Indian Spring 1 268 Spring -88.0 -11.46
E Lower Indian Spring 1 267 Spring -96.0 -12.62
E Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
E Narrow Canyon Spring 1 257 Spring -92.5 -12.47
E Bishop Spring 3 107 Spring -87.2 -11.72
E Buckboard Spring 1 264 Spring -88.2 -11.71
E Cottonwood Spring (Delamar) 1 265 Spring -96.9 -12.87
E Lower Chokecherry Spring 1 261 Spring -98.4 -12.98
E Sawmill Spring (Delamar Range) 1 259 Spring -88.7 -12.58
E Sawmill Spring West 1 258 Spring -91.8 -12.86
E Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
E Unnamed Chokecherry Spring 1 263 Spring -98.1 -12.54
E Willow Spring 2 (So.of Oak Sps.summit) 1 260 Spring -91.2 -11.69
W Pahroc Spring 3 131  Spring -92.2 -12.65
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W Gulch Spring(Unnamed Spring in Hells Acres Gulch) 1 109 Spring -93.0 -12.30
W Sixmile Spring 1 112 Spring -93.4 -13.06
W Eightmile Spring 2 295 Spring -95.6 -13.09
W Twin Spring 1 294 Spring -97.4 -13.24
W named Spring in Road(South Pahroc Range) 1 303 Spring -96.7 -13.07
W Unnamed Spring nr Six Mile seep 1 296 Spring -94.5 -12.62
W Water Tank 0.4mi West of Sixmile 1 297 Spring -93.8 -12.44
Evaporated Grassy Spring 3 117 Spring -88.7 -11.08 Evaporated so not used in recharge calculation
ET ET 0 -97.3 -12.92
Well 182W906M 1 607 Deep Well -100.3 -13.33 -98.9 -13.12 Inter-basin flow from Dry Lake Valley
209 GW Outflow (Pahranagat) 0 -97.3 -12.92
210 GW Outflow (Coyote Spr) 24,100 -97.3 -12.92

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

206 Kane Springs Valley

0 Inflow (None) 0 0.0 0.00
206 W Delamar Mtns. 3,910 -89.0 -12.22 90
206 E Meadow Valley Mtns. 279 -87.4 -11.92 91
TR Total Recharge 4,200 -88.9 -12.20
E Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
W Sawmill Spring (Delamar Range) 1 259 Spring -88.7 -12.58
W Sawmill Spring West 1 258 Spring -91.8 -12.86
W Bishop Spring 3 107 Spring -87.2 -11.72
W Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
W Kane Springs (KSV-3) 3 97 Spring -86.8 -12.13
W Narrow Canyon Spring 1 257 Spring -92.5 -12.47
W Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
W Willow Spring (KSV-1) 4 92 Spring -88.4 -11.60
ET ET 0 -88.9 -12.20
210 GW Outflow (Coyote Spr) 4,200 -88.9 -12.20

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

210 Coyote Springs Valley

209 Inflow (Pahranagat) 22,300 -104.2 -14.02
182 Inflow (Delamar) 24,100 -97.3 -12.92
206 Inflow (Kane Springs) 4,200 -88.9 -12.20
210 NE S. Delamar Mtns. 977 -89.0 -12.22 83
210 E S. Meadow Valley Mtns. 14 -87.4 -11.9 84
210 NW S. of Maynard Lake 0 -94.0 -12.30 87
210 SE Arrow Canyon Rng. 14 -81.0 -10.60 88
210 W Sheep Range 1,124 -92.7 -12.83 89
TR Total Recharge 2,100 -90.9 -12.53
W Cow Camp Spring 4 47  Spring -91.9 -12.53
W Lamb Spring 1 86 Spring -92.5 -13.15
W Mormon Well Spring 3 53 Spring -91.8 -12.67
W Rye Patch Spring 1 341  Spring -89.3 -12.31
W Sawmill Spring (Sheep) 1 58 Spring -92.0 -12.85
W Sheep Spring (Sheep Range) 1 83 Spring -96.0 -13.35
W Wiregrass Spring (Sheep) 13 49 Spring -95.1 -12.93
W White Rock Spring (Sheep) 2 64  Spring -85.5 -10.17 Evaporated not used in recharge calculation
NW Maynard Lake Spring (Unnamed Spring) 1 94 Spring -94.0 -12.30
SE Wamp Spring 1 52 Spring -81.0 -10.60
E Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
NE Bishop Spring 3 107 Spring -87.2 -11.72
NE Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
NE Kane Springs (KSV-3) 3 97 Spring -86.8 -12.13
NE Narrow Canyon Spring 1 257 Spring -92.5 -12.47
NE Sawmill Spring  (Delamar Range) 1 259 Spring -88.7 -12.58
NE Sawmill Spring West 1 258 Spring -91.8 -12.86
NE Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
NE Willow Spring (KSV-1) 4 92 Spring -88.4 -11.60
Carb Well CSVM-2 1 612 Well -97.7 -13.14
Carb Well CSVM-3 1 613 Well -98.0 -13.10
Carb Well CSVM-4 1 614 Well -102.5 -13.41
Carb Well CSVM-6 1 616 Well -100.7 -12.97
Carb Well CSI-1 1 609 Well -102.6 -13.08
Carb Well CSI-2 1 610 Well -100.2 -12.90
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Carb Well CSI-3 1 611 Well -99.6 -13.03
Carb Well USGS CSV-1 1 71 Well -103.0 -13.55
Carb Well CE-VF-2 Well 2 81 Well -101.0 -13.10
Carb Well Fugro CV Deep Well CE-DT-5 3 77 Well -99.6 -12.96
Carb Well CE-DT-4 1 78 Well -102.5 -13.00
CARB Carbonate Well (Avg) 6 -100.7 -13.11 -99.6 -13.35 Flow weighted average of inter-basin flow from Pahranagat, Kane Springs, and Delamar Valleys
ET ET 0 -99.3 -13.32
219 GW Outflow (Muddy) 37,700 -99.3 -13.32
217 GW Outflow (Hidden) 15,000 -99.3 -13.32

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

219 Upper Moapa (Muddy) Valley

205 Inflow (LMVW) 4,000 -93.5 -12.59
210 Inflow (Coyote) 37,700 -99.3 -13.32
219 S E. Arrow Canyon? 2 -87.4 -11.92 85
219 N Wildcat Wash 36 -87.4 -11.92 86
TR Total Recharge 0 -87.4 -11.92
N/S Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
Warm APCAR 0 1 292 Spring -98.2 -12.94
Warm Baldwin Spring 2226 9 291 Spring -97.6 -12.97
Warm Big Muddy Spring 5500 6 69 Spring -97.9 -12.89
Warm Iverson's Spring 0 1 65 Spring -97.0 --
Warm Jones Spring Pumphouse 0 6 292  Spring -97.9 -13.05
Warm M-8 Spring (Unnamed Spring) 0 1 68 Spring -99.0 -12.75
Warm M-9 Spring (Unnamed Spring) 200 1 70 Spring -96.5 -12.45
Warm Pederson's East 0 9 290 Spring -97.8 -12.98
Warm Pederson's Warm Spring (M-13) 400 15 67  Spring -97.5 -12.93
Warm Dicharge Warm Sprs (Avg) 8,300 49 -97.8 -12.90 -98.7 -13.25 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
Carb Well CE-DT-6 Well 2 72 Well -98.0 -13.03
Carb Well CSV-2 Well 2 76 Well -97.9 -12.92
CARB Deep Carbonate Well (Avg) 4 -97.9 -12.97 -98.7 -13.25 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
ET ET 6,000 -98.73 -13.25
Gage Moapa Gage 34,000
218 SW Outflow (California) 34,000
218 GW Outflow (California) 1,700 -98.7 -13.25

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

217 Hidden Valley

210 Inflow (Coyote) 15,000 -99.3 -13.32
217 E E. Hidden 0 -81.0 -10.60 99
217 W W. Hidden 42 -81.0 -10.60 100
TR Total Recharge 0 -81.0 -10.60
W Wamp Spring 1 52 Spring -81.0 -10.60
ET ET 0 -99.3 -13.32
216 GW Outflow (Garnet ) 15,000 -99.3 -13.32

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

216 Garnet Valley

217 Inflow (Hidden) 15,000 -99.3 -13.32
216 E Apex 0 -81.0 -10.60 104
216 W Las Vegas Range 96 -81.0 -10.60 105
TR Total Recharge 100 -81.0 -10.60
W Wamp Spring 1 52 Spring -81.0 -10.60

Dry Lake Valley Well 1 34 Well -97.5 -13.30
Carb Well GP Apex Well 3 17 Well -97.2 -13.53
Carb Well Unnamed Well (Near Dry Lake Range) 1 24 Well -96.0 -13.70
Carb Well US Lime Well (Genstar) 1 27 Well -97.0 -12.75
CARB Wells (Avg) 6 -96.9 -13.32 -99.3 -13.32 Inter-basin flow from Hidden Valley
ET ET 0 -99.2 -13.30
218 GW Outflow (California) 15,100 -99.2 -13.30

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

218 California Wash

SE ROA 46706

JA_14075



219 SW Inflow (Muddy) 34,000
205 SW Inflow (LMVW) 0
219 Inflow (Muddy) 1,700 -98.7 -13.25
205  Inflow (Lower Meadow VW) 5,300 -93.5 -12.59
216 Inflow (Garnet) 15,100 -99.2 -13.30
218 E Moapa Paiutes 0 -82.0 -10.60 110
218 W Muddy Mtns. 0 -82.0 -10.60 111
TR Total Recharge 0 0.0 0.00
W Valley of Fire Well 1 31 Well -82.0 -10.60
Carb Well Calpine Test Well 1a 1 43 Well -99.0 -13.50
Carb Well Moapa Well 1 41 Well -99.0 -13.40
CARB Carbonate Well (Avg) -99.0 -13.45 -97.8 -13.12 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
ET ET 4,500 -97.8 -13.12
220 GW Outflow (Lower Moapa) 18,900 -97.8 -13.12
215 GW Outflow (Black Mtn Area) 2,000 -97.8 -13.12
220 SW Outflow (Lower Moapa) 30,700

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

215 Black Mountains Area

218 Inflow (California Wash) 2,000 -97.8 -13.12
215 NE Muddy Mtns. 0 -85.0 -10.95 113
215 SE Black Mtns. 0 -79.5 -10.65 114
215 W Gypsum Wash 0 -79.5 -10.65 112, 166
TR Total Recharge 0 0.0 0.00
SE Cottonwood Spring (Black Mtns.) 0 1 8 Spring -80.0 -10.80
SE Sandstone Spring 0 1 10 Spring -79.0 -10.50
NE Unnamed, Kaolin Wash 1 35 Spring -88.0 -11.30
NE Valley of Fire Well 1 31 Well -82.0 -10.60
Alluvial Sprin Bitter Spring 5 1 14 Spring -77.0 -9.90
Carb Spr Blue Point Spring 440 5 26 Spring -92.6 -12.40
Carb Spr Corral Spring (Unnamed Spring) 0 1 19 Spring -91.5 -12.10
Carb Spr Rogers Spring 1,200 3 21 Spring -91.7 -12.33
Carb Spr Scirpus Spring (No spring on Map) 0 1 20 Spring -90.0 -12.00
Carb Spr VF Spring 1 0 1 28 Spring -88.0 -11.20
Carb Spr VF Spring 2 6 1 29 Spring -92.0 -11.80
Carb Spr VF Spring 3 17 1 30 Spring -93.0 -12.20
CARB Carbonate Spr (Avg) 1,663 13 -91.3 -12.01 -97.8 -13.12 Weighted Average of Inflow from Califronia Wash 
ET ET 1,400 -97.8 -13.12
999 GW Outflow (Colorado River) 600 -97.8 -13.12

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

220 Lower Moapa Valley

218 GW Inflow (California Wash) 18,900 -97.8 -13.12
218 SW Inflow (California Wash ) 30,700
220 S Valley of Fire 0 -88.0 -11.30 101
220 N S. Mormon Mtns. 33 -88.3 -12.50 102
TR Total Recharge 0 -88.3 -12.50
N Davies Spring 1 90 Spring -89.0 -12.50
N Hackberry Spring 1 84 Spring -87.0 -12.30
N Horse Spring (Morman) 1 85 Spring -89.0 -12.70
S Unnamed, Kaolin Wash 1 35 Spring -88.0 -11.30
Carb Well EH-7 1 56 Well -91.0 -12.45
Carb Well EH-3 Weiser Wash 1 61 Well -91.0 -12.70
CARB Carbonate Well (Avg) 2 -91.0 -12.58 -93.5 -12.59 Inter-basin flow from Lower Meadow Valley Wash
ET ET 25,300 -97.8 -13.12
999 GW Outflow (Colorado River) 15,300 -97.8 -13.12
999 SW Outflow (Colorado River) 9,000

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

Colorado R Lake Mead (Colorado River)

210 GW Inflow (Black Mountains Area) 600 -97.8 -13.12
205 GW Inflow (Lower Moapa) 15,300 -97.8 -13.12
999 Groundwater Total 15,900 -97.8 -13.12

205 SW Inflow (Lower Moapa) 9,000
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999 Surface water Total 9,000

999 Inflow Total 24,900

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

183 Lake Valley

0 Inflow (None) 0 0.0 0.00
183 NE Fortification Rng 1,517 -106.3 -14.16 49
183 NW Cen. Schell Cr. Rng 4,239 -108.1 -14.74 51
183 SE Wilson Cr. Rng. @ Atlanta 4,816 -104.7 -13.75 50
183 SW Fairview Rng. 1,737 -101.1 -13.29 60
TR Total Recharge 12,300 -105.5 -14.08
NE Indian Springs 1 375 Spring -106.3 -14.16
NW Big Spring North 700 1 211 Spring -112.0 -15.10
NW Big Spring South 1,600 1 210 Spring -111.0 -14.80
NW Geyser Spring 340 1 213 Spring -105.0 -14.50
NW North Creek Spring 1,200 1 214 Spring -105.0 -14.60
NW Patterson Pass Spring WR3 15 305  Spring -108.4 -14.95
NW Unnamed Spring in Schell Creek Range 4 304 Spring -107.3 -14.48
SE Headwaters Spring WR5 17 309 Spring -107.3 -14.57
SE Bailey Spring (Wilson Ck) 1 310 Spring -102.0 -12.93
SE Wilson Creek 1 189 Surface -97.5 -13.20 Surface Water not included in recharge average
SW Cottonwood Spring (Fairview) 1 274 Spring -102.2 -13.40
SW Lower Pony Spring 2 190 Spring -101.0 -13.25
SW Indian Spring near Steward Ranch 1 188 Spring -102.0 -13.60
SW Unnamed Spring near Pony Spring 1 191 Spring -99.0 -12.90
ET ET 6,700 -105.5 -14.08
202 GW Outflow (Patterson) 5,600 -105.5 -14.08

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

202 Patterson Valley

183 Inflow (Lake) 5,600 -105.5 -14.08
202 E Wilson Cr. Rng. @ Mt. Wilson 6,542 -97.7 -12.99 47
202 W Bristol Rng. 4,039 -99.2 -13.10 48
TR Total Recharge 10,600 -98.3 -13.03
E Bailey Spring (Wilson Ck) 1 310 Spring -102.0 -12.93
E Blue Rock Spring 1 311 Spring -93.4 -12.68
E Headwaters Spring WR5 17 309 Spring -107.3 -14.57
E Upper Tower Spring 1 312 Spring -93.3 -12.30
E Parsnip Spring 1 180 Spring -93.5 -12.80
E Horsethief Spring 2 314  Spring -97.0 -12.68
E Wilson Creek 1 189 Surface -97.5 -13.20 Surface Water not included in recharge average
W Deadman Spring (Highland) 2 162 Spring -95.0 -12.07
W Highland Spring 3 163  Spring -99.1 -13.36
W Lime Spring 2 160 Spring -98.5 -13.16
W Pine Spring 2 157 Spring -99.0 -13.37
W Upper Conner Spring 1 156 Spring -102.3 -13.88
W Connor Spring 1 283 Spring -100.6 -13.84
W Fox Cabin 1 273 Spring -103.5 -13.59
W Scotty Spring 1 272 Spring -98.9 -12.73
W Upper Fairview 1 280 Spring -97.7 -12.66
W Lower Fairview 1 281 Spring -97.5 -12.39
W Wildhorse Spring (Fairview) 1 183 Spring -92.5 -11.70 Evaporated so not used in recharge calculation
W McDermitt Spring 1 323 Spring -94.3 -11.21 Evaporated so not used in recharge calculation
ET ET 1,300 -100.8 -13.39
203 GW Outflow (Panaca) 14,900 -100.8 -13.39

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

201 Spring Valley

0 Inflow (None) 0 0.0 0.00
201 E White Rock Mtns. 5,975 -100.9 -13.52 52
201 W Wilson Cr. Rng. @ Parsnip Pk. 5,223 -97.7 -12.99 53
TR Total Recharge 11,200 -99.4 -13.28
E Barrel Spring 1 317 Spring -100.5 -13.36
E anyon Spring (Unnamed Spring in Burnt Canyon) 1 187 Spring -93.0 -12.30
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E Lion Spring 1 318 Spring -103.4 -14.11
E South Monument Spring 1 319 Spring -102.3 -14.23
E Ripgut Sp #40 1 411 Spring -106.4 -14.38
E Unnamed Spring #1(White Rock Mts) 1 415 Spring -109.6 -15.05
E Unnamed Spring #2 (White RockMts) 1 417 Spring -97.0 -13.00
E Upper Burnt Canyon Spring 1 416 Spring -97.6 -12.83
E Upper Burnt Canyon Spring #2 1 416 Spring -103.6 -13.66
E Unnamed Spring nr Redd's Cabin Summit 2 173  Spring -94.4 -12.44
E Tobe Spring 1 315 Spring -100.0 -13.04
E Tobe Spring 2 1 316 Spring -93.6 -12.09
E Unnamed Spring in Miller Canyon 1 313 Spring -103.7 -14.27
E Headwaters Spring WR5 17 309 Spring -107.3 -14.57
W Blue Rock Spring 1 311 Spring -93.4 -12.68
W Headwaters Spring WR5 17 309 Spring -107.3 -14.57
W Bailey Spring (Wilson Ck) 1 310 Spring -102.0 -12.93
W Horsethief Spring 2 314  Spring -97.0 -12.68
W Parsnip Spring 1 180 Spring -93.5 -12.80
W Upper Tower Spring 1 312 Spring -93.3 -12.30
Surface Camp Creek 1 184 Surface -102.0 -14.00 Surface Water not included in recharge average
Surface MVW above Eagle Canyon 1 168 Surface -93.0 -12.00 Surface Water not included in recharge average
ET ET 3,900 -99.4 -13.28
200 GW Outflow (Eagle) 7,300 -99.4 -13.28
200 SW Outflow (Eagle) 0 -97.5 -13.00

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

200 Eagle Valley

201 Inflow (Spring) 7,300 -99.4 -13.28
201 SW Inflow (Spring) 0 -97.5 -13.00
200 E E. Eagle (Ursine) Valley 1,578 -99.1 -13.28 63
200 W W. Eagle (Ursine) Valley 417 -97.0 -12.68 64
TR Total Recharge 2,000 -98.7 -13.15
E Butcher Spring 1 424 Spring -103.2 -14.22
E Newels Spring 1 423 Spring -96.0 -12.48
E Ox Valley Spring 1 422 Spring -100.0 -13.95
E Unnamed Spring #2 (Mahogany Mts) 1 421 Spring -100.7 -13.47
E Water Canyon Spring (Mahogany) 1 420 Spring -100.4 -13.68
E Tobe Spring 1 315 Spring -100.0 -13.04
E Tobe Spring 2 1 316 Spring -93.6 -12.09
W Horsethief Spring 2 314  Spring -97.0 -12.68
ET ET 1,000 -99.3 -13.25
199 GW Outflow (Rose) 8,300 -99.3 -13.25
198 SW Outflow (Rose) 0 -99.3 -13.25

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

199 Rose Valley

200 Inflow (Eagle) 8,300 -99.3 -13.25
200 SW Inflow (Eagle) 0 -99.3 -13.25
199 E E. Rose Valley 165 -99.1 -13.28 65
199 W W. Rose Valley 79 -97.0 -12.68 66
TR Total Recharge 200 -98.4 -13.08
E Butcher Spring 1 424 Spring -103.2 -14.22
E Newels Spring 1 423 Spring -96.0 -12.48
E Ox Valley Spring 1 422 Spring -100.0 -13.95
E Unnamed Spring #2 (Mahogany Mts) 1 421 Spring -100.7 -13.47
E Water Canyon Spring (Mahogany) 1 420 Spring -100.4 -13.68
E Tobe Spring 1 315 Spring -100.0 -13.04
E Tobe Spring 2 1 316 Spring -93.6 -12.09
W Horsethief Spring 2 314  Spring -97.0 -12.68
ET ET 600 -99.2 -13.24
198 GW Outflow (Dry) 7,900 -99.2 -13.24
198 SW Outflow (Dry) 0 -99.3 -13.25

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

198 Dry Valley

199 Inflow (Rose) 7,900 -99.2 -13.24
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199 SW Inflow (Rose) 0 -99.3 -13.25
198 E E. Dry Valley 2,895 -96.9 -12.99 67
198 W W. Dry Valley 324 -97.0 -12.68 68
TR Total Recharge 3,200 -96.9 -12.96
E Kiln Spring 1 418 Spring -91.9 -12.34
E Summit Spring (Mahogany Mts.) 1 419 Spring -92.1 -12.04
E Newels Spring 1 423 Spring -96.0 -12.48
E Ox Valley Spring 1 422 Spring -100.0 -13.95
E Unnamed Spring #2 (Mahogany Mts) 1 421 Spring -100.7 -13.47
E Water Canyon Spring (Mahogany) 1 420 Spring -100.4 -13.68
W Horsethief Spring 2 314  Spring -97.0 -12.68
Warm Spring Flatnose Spring  (Unnamed Spring) 1 153 Spring -101.0 -13.40 -99.2 -13.24 Inter-basin flow from Dry Valley
Spring Delmues Spring (Unnamed Spring) 1 149 Spring -104.0 -13.40 Local Valley spring not included in recharge calculation
ET ET 3,700 -98.6 -13.16
203 GW Outflow (Panaca) 7,400 -98.6 -13.16
203 SW Outflow (Panaca) 0 -99.2 -13.24

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

204 Clover Valley

0 Inflow (None) 0 0.0 0.00
204 N South of Beaver Dam 8,332 -92.2 -12.42 71
204 S North of Jack's Mtn 6,529 -92.0 -12.52 72
TR Total Recharge 14,900 -92.1 -12.46
N Acoma Well 1 118 Well -95.0 -12.60
N Cave Spring (Clover) 2 247 Spring -92.8 -12.37
N Clover Creek Valley Well 246 1 120 Well -89.0 -12.40
N Ramone Mathews Well 1 115 Well -92.0 -12.30
S Big Spring (Clover) 2 253 Spring -93.6 -12.89
S East Settling Spring 1 248 Spring -92.2 -12.76
S Ella Spring 1 251 Spring -95.8 -12.56
S Little Springs (Clover Mts) 2 254  Spring -93.3 -12.81
S Quaking Aspen Spring 1 255 Spring -93.6 -12.98
S Sheep Spring (Clover) 2 108 Spring -88.8 -12.03
S Unnamed Spring 1 113 Spring -86.5 -11.60
Alluvial Well Clover Creek Valley Well 232 1 114 Well -84.0 -11.70
ET ET 5,200 -92.1 -12.46
205 GW Outflow (LMVW) 9,700 -92.1 -12.46
205 SW Outflow (LMVW) 0 -92.1 -12.46

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

203 Panaca Valley

202 Inflow (Patterson) 14,900 -100.8 -13.39
198 Inflow (Dry) 7,400 -98.6 -13.16
198 SW Inflow (Dry) 0 -99.2 -13.24
203 E Condor Canyon 2,509 -92.0 -12.19 69
203 W Cathedral Gorge 3,020 -98.9 -13.28 70
TR Total Recharge 5,500 -95.8 -12.78
W Connor Spring 1 283 Spring -100.6 -13.84
W Deadman Spring (Highland) 2 162 Spring -95.0 -12.07
W Highland Spring 3 163  Spring -99.1 -13.36
W Lime Spring 2 160 Spring -98.5 -13.16
W Pine Spring 2 157 Spring -99.0 -13.37
W Upper Conner Spring 2 156 Spring -101.2 -13.87
E Kiln Spring 1 418 Spring -91.9 -12.34
E Summit Spring (Mahogany Mts.) 1 419 Spring -92.1 -12.04
Warm Bennett Spring 20 1 141 Spring -103.0 -13.70 -100.8 -13.39 Inter-basin flow from Patterson Valley
Warm Caliente Hot Springs (Hotel) 0 8 129 Spring -107.9 -14.44 -105.5 -14.08 Inter-basin flow from Lake Valley
Warm Panaca Spring 7700 13 144  Spring -106.9 -14.14 -105.5 -14.08 Inter-basin flow from Lake Valley
Surface Meadow Valley Wash, Cal. 1 130 Surface -97.0 -13.10
Warm Lester Mathews Well 1 142 Well -103.0 -13.30
Warm Panaca Town Well 1 143 Well -106.0 -14.00
Warm North Lee Well 1 147 Well -101.0 -13.30
ET ET 18,900 -99.2 -13.21
205 GW Outflow (LMVW) 8,900 -99.2 -13.21
205 SW Outflow (LMVW) 0 -97.0 -13.10

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX
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205 Lower Meadow Valley Wash

203 Inflow (Panaca) 8,900 -99.2 -13.21
204 Inflow (Clover) 9,700 -92.1 -12.46
203 SW Inflow (Panaca) 0 -97.0 -13.10
204 SW Inflow (Clover) 0 -92.1 -12.46
205 NW Delamar Mtns. 3,114 -92.2 -12.28 92
205 NE Clover Mountains 7,378 -90.4 -12.25 93
205 SW Meadow Valley Mtns. 1,160 -87.4 -11.92 94
205 SE Mormon Mtns. 906 -88.3 -12.50 95
TR Total Recharge 12,600 -90.4 -12.24
NE Big Spring (Clover) 2 253 Spring -93.6 -12.89
NE East Settling Spring 1 248 Spring -92.2 -12.76
NE Ella Spring 1 251 Spring -95.8 -12.56
NE Garden Spring 1 246 Spring -87.0 -11.54
NE Kershaw-Ryan Spring #1 1 250 Spring -95.1 -13.11
NE Sheep Spring (Clover) 2 108 Spring -88.8 -12.03
NE Unnamed Spring 1 113 Spring -86.5 -11.60
NE Unnamed Spring (Clover) 1 249 Spring -88.0 -12.20
NE Garden Spring 1 246 Spring -87.0 -11.54
NW Abandoned Spring 1 266 Spring -94.5 -12.32
NW Grassy Spring 3 117 Spring -88.7 -11.08 Evaporated so not used in recharge calculation
NW Buckboard Spring 1 264 Spring -88.2 -11.71
NW Cottonwood Spring (Delamar) 1 265 Spring -96.9 -12.87
NW Bishop Spring 3 107 Spring -87.2 -11.72
NW Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
NW Lower Chokecherry Spring 1 261 Spring -98.4 -12.98
NW Lower Indian Spring 1 267 Spring -96.0 -12.62
NW Narrow Canyon Spring 1 257 Spring -92.5 -12.47
NW Oak Spring 1 269 Spring -90.0 -11.87
NW Red Rock Spring 1 256 Spring -95.0 -12.30
NW Willow Spring (KSV-1) 4 92 Spring -88.4 -11.60
NW Sawmill Spring  (Delamar Range) 1 259 Spring -88.7 -12.58
NW Sawmill Spring West 1 258 Spring -91.8 -12.86
NW Unnamed Chokecherry Spring 1 263 Spring -98.1 -12.54
NW Upper Chokecherry Spring 1 262 Spring -98.9 -12.96
NW Willow Spring 2 (So.of Oak Sps.summit) 1 260 Spring -91.2 -11.69
NW Upper Indian Spring 1 268 Spring -88.0 -11.46
NW Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
SW Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
SE Davies Spring 1 90 Spring -89.0 -12.50
SE Horse Spring (Morman) 1 85 Spring -89.0 -12.70
SE Hackberry Spring 1 84 Spring -87.0 -12.30
Warm Kershaw-Ryan Spring #1 1 250 Spring -95.1 -13.11 -95.5 -12.82 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
Warm EH-6 Weiser Wash 1 59 Well -99.5 -13.90
Warm EH-8 Weiser Wash 1 57 Well -96.5 -13.70
Alluvial Well Railroad Well (Farrier, NV) 1 80 Well -97.5 -12.50
ET ET 21,900 -93.5 -12.59
206 GW Outflow (Upper Moapa) 4,000 -93.5 -12.59
218 GW Outflow (California Wash) 5,300 -93.5 -12.59
218 GW Outflow (Lower Moapa) 0 -93.5 -12.59
218 SW Outflow (California Wash) 0 -93.5 -12.59
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

175 Long Valley

0 Inflow (None) 0 0.0 0.00
175 SE Butte Mtn. (S) 2,507 -119.6 -15.53 35
175 SW Alligator Rdg. 3,496 -122.4 -15.96 36
175 NW Maverick Springs 10,881 -123.9 -16.23 37
175 NE Butte Mtn. (N) 3,044 -119.2 -15.36 164
TR Total Recharge 19,900 -122.4 -15.96
SE Butte Spring 1 327  Spring -120.4 -15.79
SE Cabin Spring 1 328  Spring -124.4 -15.89
SE Robbers Roost #2 Spring (Butte) 1 340  Spring -112.0 -14.39
SE Deer Spring (Butte) 1 332 Spring -114.1 -14.74
SE Summit Spring 1 348  Spring -120.8 -15.94
SE Thirty Mile Spring 1 242 Spring -126.0 -16.40
NW Mud Spring (Buck Mts) 1 339  Spring -117.6 -15.21
NW Ram. Res. Wtr Supply Well 1 244 Well -129.5 -16.75
NW Unnamed Near Little Willow Spring 1 351  Spring -125.9 -17.04
NW Well at Alligator Ridge 1 243 Well -127.0 -16.60
NW Woodchuck Spring 1 356  Spring -119.6 -15.55
NE White Rock Spring (Butte) 1 355  Spring -119.2 -15.36
ET ET 3,000 -122.4 -15.96
154 GW Outflow (Newark) 0 -122.4 -15.96
174 GW Outflow (Jakes) 16,900 -122.4 -15.96

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

174 Jakes Valley

175 Inflow (Long) 16,900 -122.4 -15.96
174 E Egan Range 2,722 -118.4 -15.31 33
174 W North White Pine 9,567 -120.3 -15.83 34
TR Total Recharge 12,300 -119.9 -15.71
NW Tunnel Spring 1 366  Spring -118.3 -15.02
W Aspen Springs North 1 349  Spring -119.3 -15.84
W Aspen Springs South 1 324  Spring -120.9 -16.02
W Chicken Spring 1 330  Spring -122.0 -16.17
W Circle Wash Spring 1 331  Spring -114.5 -15.30
W Sage Hen Spring 1 342  Spring -112.4 -14.76
W Sand Spring 1 239 Spring -123.0 -16.20
W Shellback Spring 1 344  Spring -123.6 -16.54
W Unnamed Hayden Canyon Spring 1 350  Spring -120.9 -15.69
W Unnamed Shellback Ridge Spring 1 352  Spring -123.6 -16.18
W Wild Horse Spring (White Pine) 1 240 Spring -129.0 -16.80
W Unnamed Stone Cabin Spring 2 354  Spring -116.2 -15.39
W/E Indian Spring (Butte) 1 334  Spring -119.1 -15.31
W/E Sammy Spring 1 343  Spring -117.6 -15.30
W Upper Illipah Crk 2 238 Surface -123.5 -16.10 Surface Water not included in recharge average
ET ET 400 -119.9 -15.71
207N GW Outflow (NWRV) 28,800 -121.3 -15.86

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

180 Cave Valley

0 Inflow (None) 0 0.0 0.00
180 E S. Schell Cr. Rng 7,132 -105.0 -14.28 43,44
180 W S. Egan Rng 7,527 -107.8 -14.28 45,46
TR Total Recharge 14,700 -106.5 -14.28
E North Creek Spring 1 214 Spring -105.0 -14.60
E Patterson Pass Spring WR3 15 305  Spring -108.4 -14.95
E Unnamed Spring in Schell Creek Range 4 304 Spring -107.3 -14.48
E Sheep Spring (Schell Ck) 1 212 Spring -99.5 -13.70
E Robbers Roost Spring (Schell Ck) 1 389 Spring -109.7 -14.75
E Sidehill Spring 1,600 2 200 Spring -100.4 -13.21
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W Big Spring (Egan) 4 206 Spring -105.5 -13.90
W Chimney Rock Spring 2 219 Spring -110.5 -14.52
W Granite Spring 1 440 Spring -103.4 -13.32
W Haggerty Spring 1 387 Spring -109.6 -14.78
W Hole in the Bank Spring 1 386 Spring -114.9 -15.37
W Silver Spring 2 385 Spring -111.4 -14.71
W Shingle Spring 2 203 Spring -103.7 -13.33
W Perry Sp Barcass 37 1 408 Spring -107.7 -15.04
W Trough Spring 1 413 Spring -103.6 -13.56
ET ET 1,300 -106.5 -14.28
 Well 180W902 1 601 Deep Well -104.7 -14.12 -106.5 -14.28 Local recharge
 Well 180W501 1 600 Deep Well -105.6 -14.12 -106.5 -14.28 Local recharge
208 GW Outflow (Pahroc) 9,400 -106.5 -14.28
207S GW Outflow (SWRV) 4,000 -106.5 -14.28

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207N North White River Valley

174 Inflow (Jakes) 28,800 -121.3 -15.86
207 NE Egan Rng North 16,085 -112.3 -15.15 38
207 NW White Pine Rng. 11,430 -115.0 -15.18 39, 40
TR Total Recharge 27,500 -113.4 -15.16
NE on Creek Spring (Unnamed Spring in Gubler Canyon) 1 235 Spring -111.0 -14.90
NE Hole in the Bank Spring 1 386 Spring -114.9 -15.37
NE Lone Pine Spring 3 223 Spring -110.2 -14.90
NE High Springs 1 433 Spring -113.4 -15.43
NE Lion Spring (Egan Range) 1 430 Spring -114.8 -15.34
NE Mud Spring 1 446 Spring -111.0 -14.53
NE Pine Springs (Egan Range) 1 434 Spring -116.0 -15.71
NE Unnamed Spring #1(Egan) 1 435 Spring -112.2 -15.14
NE Unnamed Spring #2 (Egan Range) 1 436 Spring -110.0 -15.14
NE Unnamed Spring #3 (Egan Range) 1 437 Spring -110.2 -15.07
NE Unnamed Spring #4 (Egan Range) 1 438 Spring -114.0 -15.37
NE Unnamed Spring #5 (Egan Range) 1 445 Spring -109.6 -14.72
NE North Spring 2 237 Spring -112.4 -15.11
NE Second Sawmill Spring 1 222 Spring -110.0 -14.70
NE South Spring (Egan) 2 236 Spring -111.5 -15.12
NE Upper Terrace Spring WR2 14 270 Spring -114.0 -15.42
NE Water Canyon Spring 1 358 Spring -114.4 -15.60
NE Lund Spring 1 221 Spring -113.0 -15.40 Local Valley spring not included in recharge calculation
NE Water Canyon 2 233 Surface -116.0 -15.25 Surface Water not included in recharge average
NW Big Tom Plain Spring 1 326  Spring -121.1 -15.92
NW Deer Spring (White Pine) 2 322  Spring -119.3 -15.87
NW Unnamed Spring #1 (White Pine) 1 359  Spring -114.8 -15.36
NW Unnamed Spring #2 (White Pine) 1 360  Spring -114.9 -15.66
NW Unnamed Spring #3 (White Pine) 1 361  Spring -113.1 -14.96
NW Unnamed Spring #4 (White Pine) 1 362  Spring -116.3 -15.01
NW Unnamed Spring #5 (White Pine) 3 363  Spring -116.0 -15.36
NW Unnamed Spring #6 (White Pine) 1 364  Spring -115.1 -14.98
NW Halfway Spring (RS) 2 429 Spring -108.7 -13.52
NW Easter Spring 1 365  Spring -119.4 -15.56
NW Little Tom Plain Spring 2 337  Spring -121.0 -15.86
NW Monitoring Spring WR1 14 320 Spring -113.7 -15.58
NW Saddle Spring (White Pine) 3 357 Spring -116.8 -15.45
NW Secret Spring 1 220 Spring -110.0 -14.00
NW Unnamed Spring below Currant Mtn 1 226 Spring -107.0 -14.00
NW Stove Spring 1 347  Spring -114.5 -15.71
NW med Spring in dry creek bed (White Pine Range) 1 321 Spring -113.6 -15.31
NW Snowmelt Below Duckwater Peak 5,700 1 224 Surface -105.0 -14.10 Surface Water not included in recharge average
NW Little Currant Creek 1 217 Surface -113.0 -15.00 Surface Water not included in recharge average
Warm Cold Spring, Preston 1,000 2 230 Spring -123.5 -15.80
Warm Nicholas Spring 2,000 1 227 Spring -124.0 -16.10
Warm Preston Big Spring 5,900 11 231  Spring -122.0 -15.88
Warm Discharge Warm Sprs (Avg) 8,900 14 -122.6 -15.92 -121.3 -15.86 Inter-basin flow from Jakes Valley
ET ET 20,500 -113.4 -15.16
207S GW Outflow (SWRV) 35,800 -119.8 -15.7

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207S South White River Valley WRV Tot Recharge
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41,000
207N Inflow (N White River) 35,800 -119.8 -15.72
180 Inflow (Cave) 4,000 -106.5 -14.28
207 SE Egan Rng South 7,423 -106.9 -14.15 41
207 SW Grant Rng 6,117 -106.5 -14.23 42
TR Total Recharge 13,500 -106.7 -14.18
E Chimney Rock Spring 2 219 Spring -110.5 -14.52
E Granite Spring 1 440 Spring -103.4 -13.32
E Haggerty Spring 1 387 Spring -109.6 -14.78
E Silver Spring 2 385 Spring -111.4 -14.71
E Big Spring (Egan) 4 206 Spring -105.5 -13.90
E Shingle Spring 2 203 Spring -103.7 -13.33
E Perry Sp Barcass 37 1 408 Spring -107.7 -15.04
E Trough Spring 1 413 Spring -103.6 -13.56
E Butterfield Spring 4,000 1 202 Spring -105.0 -14.20 local Valley spring not included in recharge calculation
E Emigrant Spring 1,900 2 207 Spring -107.8 -14.50 local Valley spring not included in recharge calculation
E Flag Spring #3 1 201 Spring -105.0 -14.30 local Valley spring not included in recharge calculation
SW Albert Spring 1 204 Spring -107.0 -13.95
SW Big Spring (Grant) 1 194 Spring -112.0 -15.20
SW Brady Spring 2 282 Spring -109.5 -15.38
SW Forest Home Spring (Unnamed Spring) 1 195 Spring -108.5 -14.50
SW Horse Spring (Grant) 1 370  Spring -99.5 -12.86
SW Teaspoon Spring 1 371  Spring -100.0 -13.26
SW Wiregrass Spring (Grant) 1 372  Spring -101.4 -13.29
SW Murphy Spring 1 373  Spring -114.5 -15.40
SW Little Spring (Grant Range) 1 369  Spring -99.4 -12.48 Evaporated so not used in recharge calculation
Warm Hot Creek Campground Well 0 1 198 Well -118.0 -15.30
Warm Hot Creek Springs 10,000 10 197  Spring -118.9 -15.69
Warm Moon River Spring 2,800 1 192 Spring -120.0 -15.80
Warm Moorman Spring 400 1 205 Spring -119.0 -15.70
Warm Discharge Warm Sprs (Avg) 13,200 13 -119.2 -15.71 -119.8 -15.72 Inter-basin flow from Northern White River Valley
ET ET 46,900 -115.1 -15.18
208 GW Outflow (Pahroc) 6,400 -118.5 -15.58

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXX

172 Garden Valley

0 Inflow (None) 0 0.0 0.00
172 SW Quinn Canyon Range 15,120 -104.6 -14.08 171
172 NW Grant Range 7,757 -106.5 -14.27 170
172 NE Golden Gate Rng 980 -98.0 -13.30 55
172 SE Worthington Mountains 962 -98.0 -13.30 56
TR Total Recharge 24,800 -104.7 -14.08
SW Unnamed Spring #7 (Quinn) 1 367  Spring -105.9 -14.23
SW Unnamed Spring #8 (Quinn) 1 368  Spring -104.4 -14.18
SW Adaven Spring 2 177 Spring -105.3 -14.01
SW Lower Little Cherry Cr Spring 1 182 Spring -103.0 -13.90
SW Carpenter Spring 1 171 Spring -95.0 -11.85 Evaporated so not used in recharge calculation
NW Big Spring (Grant) 1 194 Spring -112.0 -15.20
NW Brady Spring 2 282 Spring -109.5 -15.38
NW Forest Home Spring (Unnamed Spring) 1 195 Spring -108.5 -14.50
NW Horse Spring (Grant) 1 370  Spring -99.5 -12.86
NW Teaspoon Spring 1 371  Spring -100.0 -13.26
NW Wiregrass Spring (Grant) 1 372  Spring -101.4 -13.29
NW Murphy Spring 1 373  Spring -114.5 -15.40
NW Little Spring (Grant Range) 1 369  Spring -99.4 -12.48 Evaporated so not used in recharge calculation
SE The Seeps (Spring) 1 136 Spring -98.0 -13.30
ET ET 1,700 -104.7 -14.08
171 GW Outflow (Coal) 23,100 -104.7 -14.08

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

171 Coal Valley

172 Inflow (Garden) 23,100 -104.7 -14.08
172 Inflow (SWRV) 0 -118.5 -15.58
171 E Seaman Rng 1,182 -99.0 -13.13 75
171 W Golden Gate Rng 2,675 -98.2 -12.87 76
TR Total Recharge 3,900 -98.4 -12.95
W Cold Spring 1 288 Spring -98.9 -12.98
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W Henry Spring 1 287 Spring -97.4 -12.77
W Little Cut Spring 2 286  Spring -98.3 -12.85
E Seaman Spring 1 306 Spring -99.0 -13.13
Carb Well USGS-MX C.V. Well (CV-DT-1) 2 176 Well -109.0 -14.56 -104.7 -14.08 Underflow from Garden Valley
ET ET 0 -98.4 -12.95
208 GW Outflow (Pahroc) 27,000 -103.8 -13.91

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

208 Pahroc Valley

207S Inflow (S. White River) 6,400 -118.5 -15.58
170 Inflow (Cave) 9,400 -106.5 -14.28
171 Inflow (Coal) 27,000 -103.8 -13.91
208 E N. Pahroc Rng. 2,390 -94.2 -12.42 73
208 W Seaman Rng. 2,117 -99.0 -13.13 74
TR Total Recharge 4,500 -96.4 -12.75
E Black Rock Spring 2 158 Spring -93.8 -12.31
E Coyote Spring 2 169 Spring -95.1 -12.53
E Hamilton Spring 1 298 Spring -93.1 -11.76
E Little Boulder Spring 1 301 Spring -97.2 -13.06
E Mustang Spring 2 135 Spring -90.5 -12.49
E Pahroc Spring 3 131  Spring -92.2 -12.65
E Rattlesnake Spring 1 302 Spring -97.3 -12.65
E Unnamed Spring--nr Blackrock 1 299 Spring -94.3 -11.90
W Seaman Spring 1 306 Spring -99.0 -13.13
Evaporated White Rock Spring (Seaman Range) 1 154 Spring -90.0 -12.10 Evaporated not used in recharge calculation
ET ET 0 -96.4 -12.75
209 GW Outflow (Pahranagat) 45,300 -105.6 -14.10
181 GW Outflow (Dry Lake) 2,000 -106.5 -14.28

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

209 Pahranagat Valley

208 Inflow (Pahroc) 45,300 -105.6 -14.10
181 Inflow (Dry Lake) 0 -98.9 -13.12
209 Inflow (Delamar) 0 -97.3 -12.92
209 E S. Pahroc Rng. 1,283 -94.9 -12.83 77, 78
209 W Mt. Irish/Pahranagat Rng. 4,223 -98.4 -14.24 79, 80 (172, 173)
TR Total Recharge 5,500 -97.6 -13.91
E Eightmile Spring 2 295 Spring -95.6 -13.09
E Gulch Spring(Unnamed Spring in Hells Acres Gulch) 1 109 Spring -93.0 -12.30
E Sixmile Spring 1 112 Spring -93.4 -13.06
E Twin Spring 1 294 Spring -97.4 -13.24
E named Spring in Road(South Pahroc Range) 1 303 Spring -96.7 -13.07
E Unnamed Spring nr Six Mile seep 1 296 Spring -94.5 -12.62
E Water Tank 0.4mi West of Sixmile 1 297 Spring -93.8 -12.44
S Maynard Lake Spring (Unnamed Spring) 1 94 Spring -94.0 -12.30 Local Valley spring not included in recharge calculation
W Reed Spring 1 289 Spring -98.4 -14.24
Warm Ash Springs 12400 6 110 Spring -109.1 -14.11
Warm Little Ash Spring (Ash Spring) 500 1 111 Spring -107.2 -14.20
Warm Crystal Springs 8,200 17 116  Spring -108.8 -14.41
Warm Hiko Spring 4,300 7 122 Spring -108.7 -14.39
Warm Discharge Warm Springs (Avg) 25,400 31 -108.9 -14.26 -105.6 -14.10 Inter-basin flow from Pahroc Valley
ET ET 28,500 -104.1 -14.07
Well 209M-1 1 608 Deep Well -104.7 -13.53 -105.6 -14.10 Inter-basin flow from Pahroc Valley
210 GW Outflow (Coyote Spr) 22,300 -105.6 -14.10

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

181 Dry Lake Valley

208 Inflow (Pahroc) 2,000 -106.5 -14.28
181 NW S. Schell Ck Range 852 -100.4 -13.21 59
181 SW N. Pahroc Rng. 2,289 -94.2 -12.42 57
181 NE Fairview Rng. 3,490 -99.5 -12.89 58
181 E Bristol/Highland Rng. 7,465 -98.9 -13.28 61
181 SE Chief Rng. 1,571 -94.6 -12.36 62
TR Total Recharge 15,700 -98.0 -12.97
E Deadman Spring (Highland) 2 162 Spring -95.0 -12.07
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E Highland Spring 3 163  Spring -99.1 -13.36
E Lime Spring 2 160 Spring -98.5 -13.16
E Pine Spring 2 157 Spring -99.0 -13.37
E Connor Spring 1 283 Spring -100.6 -13.84
E Upper Conner Spring 2 156 Spring -101.2 -13.87
SE Red Rock Spring 1 256 Spring -95.0 -12.30
SE Abandoned Spring 1 266 Spring -94.5 -12.32
SE Buckboard Spring 1 264 Spring -88.2 -11.71
SE Cottonwood Spring (Delamar) 1 265 Spring -96.9 -12.87
SE Lower Chokecherry Spring 1 261 Spring -98.4 -12.98
SE Oak Spring 1 269 Spring -90.0 -11.87
SE Unnamed Chokecherry Spring 1 263 Spring -98.1 -12.54
SE Upper Chokecherry Spring 1 262 Spring -98.9 -12.96
SE Willow Spring 2 (So.of Oak Sps.summit) 1 260 Spring -91.2 -11.69
NE Bailey Spring (Fairview) 2 277 Spring -98.2 -12.69
NE Cottonwood Spring (Fairview) 1 274 Spring -102.2 -13.40
NE Littlefield Spring 1 275 Spring -98.5 -12.73
NE Lower Pony Spring 2 190 Spring -101.0 -13.25
NE Meloy Spring 1 276 Spring -99.8 -12.75
NE Scotty Spring 1 272 Spring -98.9 -12.73
NE Indian Spring near Steward Ranch 1 188 Spring -102.0 -13.60
NE Unnamed Spring near Pony Spring 1 191 Spring -99.0 -12.90
NE Fence Spring 1 278 Spring -97.4 -12.55
NE Fox Cabin 1 273 Spring -103.5 -13.59
NE Lower Fairview 1 281 Spring -97.5 -12.39
NE Robison Spring 1 279 Spring -97.9 -12.34
NE Upper Fairview 1 280 Spring -97.7 -12.66
SW Black Rock Spring 2 158 Spring -93.8 -12.31
SW Coyote Spring 2 169 Spring -95.1 -12.53
SW Hamilton Spring 1 298 Spring -93.1 -11.76
SW Little Boulder Spring 1 301 Spring -97.2 -13.06
SW Mustang Spring 2 135 Spring -90.5 -12.49
SW Pahroc Spring 3 131  Spring -92.2 -12.65
SW Rattlesnake Spring 1 302 Spring -97.3 -12.65
SW Unnamed Spring--nr Blackrock 1 299 Spring -94.3 -11.90
NW Sidehill Spring 1,600 2 200 Spring -100.4 -13.21
Evaporated Grassy Spring 3 117 Spring -88.7 -11.08 Evaporated so not used in recharge calculation
Evaporated Wildhorse Spring (Fairview) 1 183 Spring -92.5 -11.70 Evaporated so not used in recharge calculation
Carb Well Fugro Dry Lake V Deep Well 2 179 Well -107.5 -14.16 -106.5 -14.28 Inter-basin flow from Cave Valley
Carb Well 181M1 1 603 Deep Well -105.0 -13.67 -106.5 -14.28 Inter-basin flow from Cave Valley
Carb Well 181W909M 1 604 Deep Well -104.6 -13.50 -106.5 -14.28 Inter-basin flow from Cave Valley
ET ET 0 -98.0 -12.97
209 GW Outflow (Pahranagat) 0 -98.9 -13.12
182 GW Outflow (Delamar) 17,700 -98.9 -13.12

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

182 Delamar Valley

181 Inflow (Dry Lake) 17,700 -98.9 -13.12
182 E Delamar Mtns. 5,415 -92.5 -12.32 81
182 W S. Pahroc Rng. 986 -94.6 -12.81 82
TR Total Recharge 6,400 -92.8 -12.39
E Abandoned Spring 1 266 Spring -94.5 -12.32
E Red Rock Spring 1 256 Spring -95.0 -12.30
E Oak Spring 1 269 Spring -90.0 -11.87
E Upper Chokecherry Spring 1 262 Spring -98.9 -12.96
E Upper Indian Spring 1 268 Spring -88.0 -11.46
E Lower Indian Spring 1 267 Spring -96.0 -12.62
E Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
E Narrow Canyon Spring 1 257 Spring -92.5 -12.47
E Bishop Spring 3 107 Spring -87.2 -11.72
E Buckboard Spring 1 264 Spring -88.2 -11.71
E Cottonwood Spring (Delamar) 1 265 Spring -96.9 -12.87
E Lower Chokecherry Spring 1 261 Spring -98.4 -12.98
E Sawmill Spring (Delamar Range) 1 259 Spring -88.7 -12.58
E Sawmill Spring West 1 258 Spring -91.8 -12.86
E Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
E Unnamed Chokecherry Spring 1 263 Spring -98.1 -12.54
E Willow Spring 2 (So.of Oak Sps.summit) 1 260 Spring -91.2 -11.69
W Pahroc Spring 3 131  Spring -92.2 -12.65
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W Gulch Spring(Unnamed Spring in Hells Acres Gulch) 1 109 Spring -93.0 -12.30
W Eightmile Spring 2 295 Spring -95.6 -13.09
W Sixmile Spring 1 112 Spring -93.4 -13.06
W Twin Spring 1 294 Spring -97.4 -13.24
W named Spring in Road(South Pahroc Range) 1 303 Spring -96.7 -13.07
W Unnamed Spring nr Six Mile seep 1 296 Spring -94.5 -12.62
W Water Tank 0.4mi West of Sixmile 1 297 Spring -93.8 -12.44
Evaporated Grassy Spring 3 117 Spring -88.7 -11.08 Evaporated so not used in recharge calculation
ET ET 0 -92.8 -12.39
Well 182W906M 1 607 Deep Well -100.3 -13.33 -98.9 -13.12 Inter-basin flow from Dry Lake Valley
209 GW Outflow (Pahranagat) 0 -97.3 -12.92
210 GW Outflow (Coyote Spr) 24,100 -97.3 -12.92

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

206 Kane Springs Valley

0 Inflow (None) 0 0.0 0.00
206 W Delamar Mtns. 3,910 -89.0 -12.22 90
206 E Meadow Valley Mtns. 279 -87.4 -11.92 91
TR Total Recharge 4,200 -88.9 -12.20
E Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
W Sawmill Spring (Delamar Range) 1 259 Spring -88.7 -12.58
W Sawmill Spring West 1 258 Spring -91.8 -12.86
W Bishop Spring 3 107 Spring -87.2 -11.72
W Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
W Kane Springs (KSV-3) 3 97 Spring -86.8 -12.13
W Narrow Canyon Spring 1 257 Spring -92.5 -12.47
W Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
W Willow Spring (KSV-1) 4 92 Spring -88.4 -11.60
ET ET 0 -88.9 -12.20
210 GW Outflow (Coyote Spr) 4,200 -88.9 -12.20

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

210 Coyote Springs Valley

209 Inflow (Pahranagat) 22,300 -105.6 -14.10
182 Inflow (Delamar) 24,100 -97.3 -12.92
206 Inflow (Kane Springs) 4,200 -88.9 -12.20
210 NE S. Delamar Mtns. 977 -89.0 -12.22 83
210 E S. Meadow Valley Mtns. 14 -87.4 -11.92 84
210 NW S. of Maynard Lake 0 -94.0 -12.30 87
210 SE Arrow Canyon Rng. 14 -81.0 -10.60 88
210 W Sheep Range 1,124 -92.7 -12.83 89
TR Total Recharge 2,100 -90.9 -12.53
W Cow Camp Spring 4 47  Spring -91.9 -12.53
W Lamb Spring 1 86 Spring -92.5 -13.15
W Mormon Well Spring 3 53 Spring -91.8 -12.67
W Rye Patch Spring 1 341  Spring -89.3 -12.31
W Sawmill Spring (Sheep) 1 58 Spring -92.0 -12.85
W Sheep Spring (Sheep Range) 1 83 Spring -96.0 -13.35
W Wiregrass Spring (Sheep) 13 49 Spring -95.1 -12.93
W White Rock Spring (Sheep) 2 64  Spring -85.5 -10.17 Evaporated not used in recharge calculation
NW Maynard Lake Spring (Unnamed Spring) 1 94 Spring -94.0 -12.30
SE Wamp Spring 1 52 Spring -81.0 -10.60
E Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
NE Bishop Spring 3 107 Spring -87.2 -11.72
NE Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
NE Kane Springs (KSV-3) 3 97 Spring -86.8 -12.13
NE Narrow Canyon Spring 1 257 Spring -92.5 -12.47
NE Sawmill Spring  (Delamar Range) 1 259 Spring -88.7 -12.58
NE Sawmill Spring West 1 258 Spring -91.8 -12.86
NE Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
NE Willow Spring (KSV-1) 4 92 Spring -88.4 -11.60
Carb Well CSVM-2 1 612 Well -97.7 -13.14
Carb Well CSVM-3 1 613 Well -98.0 -13.10
Carb Well CSVM-4 1 614 Well -102.5 -13.41
Carb Well CSVM-6 1 616 Well -100.7 -12.97
Carb Well CSI-1 1 609 Well -102.6 -13.08
Carb Well CSI-2 1 610 Well -100.2 -12.90
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Carb Well CSI-3 1 611 Well -99.6 -13.03
Carb Well USGS CSV-1 1 71 Well -103.0 -13.55
Carb Well CE-VF-2 Well 2 81 Well -101.0 -13.10
Carb Well Fugro CV Deep Well CE-DT-5 3 77 Well -99.6 -12.96
Carb Well CE-DT-4 1 78 Well -102.5 -13.00
CARB Carbonate Well (Avg) 6 -100.7 -13.11 -100.3 -13.38 Flow weighted average of inter-basin flow from Pahranagat, Kane Springs, and Delamar Valleys
ET ET 0 -90.9 -12.53
219 GW Outflow (Muddy) 37,700 -99.9 -13.35
217 GW Outflow (Hidden) 15,000 -99.9 -13.35

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

219 Upper Moapa (Muddy) Valley

205 Inflow (LMVW) 4,000 -96.1 -12.90
210 Inflow (Coyote) 37,700 -99.9 -13.35
219 S E. Arrow Canyon? 2 -87.4 -11.92 85
219 N Wildcat Wash 36 -87.4 -11.92 86
TR Total Recharge 0 -87.4 -11.92
N/S Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
Warm APCAR 0 1 292 Spring -98.2 -12.94
Warm Baldwin Spring 2226 9 291 Spring -97.6 -12.97
Warm Big Muddy Spring 5500 6 69 Spring -97.9 -12.89
Warm Iverson's Spring 0 1 65 Spring -97.0 --
Warm Jones Spring Pumphouse 0 6 292  Spring -97.9 -13.05
Warm M-8 Spring (Unnamed Spring) 0 1 68 Spring -99.0 -12.75
Warm M-9 Spring (Unnamed Spring) 200 1 70 Spring -96.5 -12.45
Warm Pederson's East 0 9 290 Spring -97.8 -12.98
Warm Pederson's Warm Spring (M-13) 400 15 67  Spring -97.5 -12.93
Warm Dicharge Warm Sprs (Avg) 8,300 49 -97.8 -12.90 -99.5 -13.31 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
Carb Well CE-DT-6 Well 2 72 Well -98.0 -13.03
Carb Well CSV-2 Well 2 76 Well -97.9 -12.92
CARB Deep Carbonate Well (Avg) Input into M 4 -97.9 -12.97 -99.5 -13.31 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
ET ET 6,000 -99.5 -13.31
Gage Moapa Gage 34,000
218 SW Outflow (California) 34,000
218 GW Outflow (California) 1,700 -99.5 -13.31

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

217 Hidden Valley

210 Inflow (Coyote) 15,000 -99.9 -13.35
217 E E. Hidden 0 -81.0 -10.60 99
217 W W. Hidden 42 -81.0 -10.60 100
TR Total Recharge 0 -81.0 -10.60
W Wamp Spring 1 52 Spring -81.0 -10.60
ET ET 0 -81.0 -10.60
216 GW Outflow (Garnet ) 15,000 -99.9 -13.35

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

216 Garnet Valley

217 Inflow (Hidden) 15,000 -99.9 -13.35
216 E Apex 0 -81.0 -10.60 104
216 W Las Vegas Range 96 -81.0 -10.60 105
TR Total Recharge 100 -81.0 -10.60
W Wamp Spring 1 52 Spring -81.0 -10.60

Dry Lake Valley Well 1 34 Well -97.5 -13.30
Carb Well GP Apex Well 3 17 Well -97.2 -13.53
Carb Well Unnamed Well (Near Dry Lake Range) 1 24 Well -96.0 -13.70
Carb Well US Lime Well (Genstar) 1 27 Well -97.0 -12.75
CARB Wells (Avg) 6 -96.9 -13.32 -99.9 -13.35 Inter-basin flow from Hidden Valley
ET ET 0 -81.0 -10.60
218 GW Outflow (California) 15,100 -99.8 -13.33

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

218 California Wash
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219 SW Inflow (Muddy) 34,000
205 SW Inflow (LMVW) 0
219 Inflow (Muddy) 1,700 -99.5 -13.31
205  Inflow (Lower Meadow VW) 5,300 -96.1 -12.90
216 Inflow (Garnet) 15,100 -99.8 -13.33
218 E Moapa Paiutes 0 -82.0 -10.60 110
218 W Muddy Mtns. 0 -82.0 -10.60 111
TR Total Recharge 0 -82.0 -10.6
W Valley of Fire Well 1 31 Well -82.0 -10.60
Carb Well Calpine Test Well 1a 1 43 Well -99.0 -13.50
Carb Well Moapa Well 1 41 Well -99.0 -13.40
CARB Carbonate Well (Avg) -99.0 -13.45 -98.9 -13.22 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
ET ET 4,500 -82.0 -10.60
220 GW Outflow (Lower Moapa) 18,900 -98.9 -13.22
215 GW Outflow (Black Mtn Area) 2,000 -98.9 -13.22
220 SW Outflow (Lower Moapa) 30,700

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

215 Black Mountains Area

218 Inflow (California Wash) 2,000 -98.9 -13.22
215 NE Muddy Mtns. 0 -85.0 -10.95 113
215 SE Black Mtns. 0 -79.5 -10.65 114
215 W Gypsum Wash 0 -79.5 -10.65 112, 166
TR Total Recharge 0 -81.3 -10.75
SE Cottonwood Spring (Black Mtns.) 0 1 8 Spring -80.0 -10.80
SE Sandstone Spring 0 1 10 Spring -79.0 -10.50
NE Unnamed, Kaolin Wash 1 35 Spring -88.0 -11.30
NE Valley of Fire Well 1 31 Well -82.0 -10.60
Alluvial Sprin Bitter Spring 5 1 14 Spring -77.0 -9.90
Carb Spr Blue Point Spring 440 5 26 Spring -92.6 -12.40
Carb Spr Corral Spring (Unnamed Spring) 0 1 19 Spring -91.5 -12.10
Carb Spr Rogers Spring 1,200 3 21 Spring -91.7 -12.33
Carb Spr Scirpus Spring (No spring on Map) 0 1 20 Spring -90.0 -12.00
Carb Spr VF Spring 1 0 1 28 Spring -88.0 -11.20
Carb Spr VF Spring 2 6 1 29 Spring -92.0 -11.80
Carb Spr VF Spring 3 17 1 30 Spring -93.0 -12.20
CARB Carbonate Spr (Avg) 1,700 13 -91.3 -12.01 -98.9 -13.22 Weighted Average of Inflow from Califronia Wash 
ET ET 1,400 -81.3 -10.75
999 GW Outflow (Colorado River) 600 -98.9 -13.22

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

220 Lower Moapa Valley

218 GW Inflow (California Wash) 18,900 -98.9 -13.22
218 SW Inflow (California Wash ) 30,700
220 S Valley of Fire 0 -88.0 -11.30 101
220 N S. Mormon Mtns. 37 -88.3 -12.50 102
TR Total Recharge 0 -88.3 -12.50
N Davies Spring 1 90 Spring -89.0 -12.50
N Hackberry Spring 1 84 Spring -87.0 -12.30
N Horse Spring (Morman) 1 85 Spring -89.0 -12.70
S Unnamed, Kaolin Wash 1 35 Spring -88.0 -11.30
Carb Well EH-7 1 56 Well -91.0 -12.45
Carb Well EH-3 Weiser Wash 1 61 Well -91.0 -12.70
CARB Carbonate Well (Avg) 2 -91.0 -12.58 -96.1 -12.90 Inter-basin flow from Lower Meadow Valley Wash
ET ET 25,300 -88.3 -12.50
999 GW Outflow (Colorado River) 15,300 -98.9 -13.22
999 SW Outflow (Colorado River) 9,000

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

Colorado R Lake Mead (Colorado River)

210 GW Inflow (Black Mountains Area) 600 -98.9 -13.22
205 GW Inflow (Lower Moapa) 15,300 -98.9 -13.22
999 Groundwater Total 15,900 -98.9 -13.22

205 SW Inflow (Lower Moapa) 9,000
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999 Surfacewater Total 9,000

999 Inflow Total 24,900

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

183 Lake Valley

0 Inflow (None) 0 0.0 0.00
183 NE Fortification Rng 1,517 -106.3 -14.16 49
183 NW Cen. Schell Cr. Rng 4,239 -108.1 -14.74 51
183 SE Wilson Cr. Rng. @ Atlanta 4,816 -104.7 -13.75 50
183 SW Fairview Rng. 1,737 -101.1 -13.29 60
TR Total Recharge 12,300 -105.5 -14.08
NE Indian Springs 1 375 Spring -106.3 -14.16
NW Big Spring North 700 1 211 Spring -112.0 -15.10
NW Big Spring South 1,600 1 210 Spring -111.0 -14.80
NW Geyser Spring 340 1 213 Spring -105.0 -14.50
NW North Creek Spring 1,200 1 214 Spring -105.0 -14.60
NW Patterson Pass Spring WR3 15 305  Spring -108.4 -14.95
NW Unnamed Spring in Schell Creek Range 4 304 Spring -107.3 -14.48
SE Headwaters Spring WR5 17 309 Spring -107.3 -14.57
SE Bailey Spring (Wilson Ck) 1 310 Spring -102.0 -12.93
SE Wilson Creek 1 189 Surface -97.5 -13.20 Surface Water not included in recharge average
SW Cottonwood Spring (Fairview) 1 274 Spring -102.2 -13.40
SW Lower Pony Spring 2 190 Spring -101.0 -13.25
SW Indian Spring near Steward Ranch 1 188 Spring -102.0 -13.60
SW Unnamed Spring near Pony Spring 1 191 Spring -99.0 -12.90
ET ET 6,700 -105.5 -14.08
202 GW Outflow (Patterson) 5,600 -105.5 -14.08

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

202 Patterson Valley

183 Inflow (Lake) 5,600 -105.5 -14.08
202 E Wilson Cr. Rng. @ Mt. Wilson 6,542 -97.7 -12.99 47
202 W Bristol Rng. 4,039 -99.2 -13.10 48
TR Total Recharge 10,600 -98.3 -13.03
E Bailey Spring (Wilson Ck) 1 310 Spring -102.0 -12.93
E Blue Rock Spring 1 98 Spring -93.4 -12.68
E Headwaters Spring WR5 17 309 Spring -107.3 -14.57
E Upper Tower Spring 1 312 Spring -93.3 -12.30
E Parsnip Spring 1 180 Spring -93.5 -12.80
E Horsethief Spring 2 314  Spring -97.0 -12.68
E Wilson Creek 1 189 Surface -97.5 -13.20 Surface Water not included in recharge average
W Deadman Spring (Highland) 2 162 Spring -95.0 -12.07
W Highland Spring 3 163  Spring -99.1 -13.36
W Lime Spring 2 160 Spring -98.5 -13.16
W Pine Spring 2 157 Spring -99.0 -13.37
W Upper Conner Spring 1 156 Spring -102.3 -13.88
W Connor Spring 1 283 Spring -100.6 -13.84
W Fox Cabin 1 273 Spring -103.5 -13.59
W Scotty Spring 1 272 Spring -98.9 -12.73
W Upper Fairview 1 280 Spring -97.7 -12.66
W Lower Fairview 1 281 Spring -97.5 -12.39
W Wildhorse Spring (Fairview) 1 183 Spring -92.5 -11.70 Evaporated so not used in recharge calculation
W McDermitt Spring 1 323 Spring -94.3 -11.21 Evaporated so not used in recharge calculation
ET ET 1,300 -98.3 -13.03
203 GW Outflow (Panaca) 14,900 -101.0 -13.43

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

201 Spring Valley

0 Inflow (None) 0 0.0 0.00
201 E White Rock Mtns. 5,975 -100.9 -13.52 52
201 W Wilson Cr. Rng. @ Parsnip Pk. 5,223 -97.7 -12.99 53
TR Total Recharge 11,200 -99.4 -13.28
E Barrel Spring 1 317 Spring -100.5 -13.36
E anyon Spring (Unnamed Spring in Burnt Canyon) 1 187 Spring -93.0 -12.30
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E Lion Spring 1 318 Spring -103.4 -14.11
E South Monument Spring 1 319 Spring -102.3 -14.23
E Ripgut Sp #40 1 411 Spring -106.4 -14.38
E Unnamed Spring #1(White Rock Mts) 1 415 Spring -109.6 -15.05
E Unnamed Spring #2 (White RockMts) 1 417 Spring -97.0 -13.00
E Upper Burnt Canyon Spring 1 416 Spring -97.6 -12.83
E Upper Burnt Canyon Spring #2 1 416 Spring -103.6 -13.66
E Unnamed Spring nr Redd's Cabin Summit 2 173  Spring -94.4 -12.44
E Tobe Spring 1 315 Spring -100.0 -13.04
E Tobe Spring 2 1 316 Spring -93.6 -12.09
E Unnamed Spring in Miller Canyon 1 313 Spring -103.7 -14.27
E Headwaters Spring WR5 1 309 Spring -107.3 -14.57
W Blue Rock Spring 1 311 Spring -93.4 -12.68
W Headwaters Spring WR5 17 309 Spring -107.3 -14.57
W Bailey Spring (Wilson Ck) 1 310 Spring -102.0 -12.93
W Horsethief Spring 2 314  Spring -97.0 -12.68
W Parsnip Spring 1 180 Spring -93.5 -12.80
W Upper Tower Spring 1 312 Spring -93.3 -12.30
Surface Camp Creek 1 184 Surface -102.0 -14.00 Surface Water not included in recharge average
Surface MVW above Eagle Canyon 1 168 Surface -93.0 -12.00 Surface Water not included in recharge average
ET ET 3,900 -99.4 -13.28
200 GW Outflow (Eagle) 7,300 -99.4 -13.28
200 SW Outflow (Eagle) 0 -97.5 -13.00

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

200 Eagle Valley

201 Inflow (Spring) 7,300 -99.4 -13.28
201 SW Inflow (Spring) 0 -97.5 -13.00
200 E E. Eagle (Ursine) Valley 1,578 -99.1 -13.28 63
200 W W. Eagle (Ursine) Valley 417 -97.0 -12.68 64
TR Total Recharge 2,000 -98.7 -13.15
E Butcher Spring 1 424 Spring -103.2 -14.22
E Newels Spring 1 423 Spring -96.0 -12.48
E Ox Valley Spring 1 422 Spring -100.0 -13.95
E Unnamed Spring #2 (Mahogany Mts) 1 421 Spring -100.7 -13.47
E Water Canyon Spring (Mahogany) 1 420 Spring -100.4 -13.68
E Tobe Spring 1 315 Spring -100.0 -13.04
E Tobe Spring 2 1 316 Spring -93.6 -12.09
W Horsethief Spring 2 314  Spring -97.0 -12.68
ET ET 1,000 -98.7 -13.15
199 GW Outflow (Rose) 8,300 -99.3 -13.26
198 SW Outflow (Rose) 0 -98.7 -13.00

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

199 Rose Valley

200 Inflow (Eagle) 8,300 -99.3 -13.26
200 SW Inflow (Eagle) 0 -98.7 -13.00
199 E E. Rose Valley 165 -99.1 -13.28 65
199 W W. Rose Valley 79 -97.0 -12.68 66
TR Total Recharge 200 -98.4 -13.08
E Butcher Spring 1 424 Spring -103.2 -14.22
E Newels Spring 1 423 Spring -96.0 -12.48
E Ox Valley Spring 1 422 Spring -100.0 -13.95
E Unnamed Spring #2 (Mahogany Mts) 1 421 Spring -100.7 -13.47
E Water Canyon Spring (Mahogany) 1 420 Spring -100.4 -13.68
E Tobe Spring 1 315 Spring -100.0 -13.04
E Tobe Spring 2 1 316 Spring -93.6 -12.09
W Horsethief Spring 2 314  Spring -97.0 -12.68
ET ET 600 -98.4 -13.08
198 GW Outflow (Dry) 7,900 -99.3 -13.25
198 SW Outflow (Dry) 0 -98.4 -13.08

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

198 Dry Valley

199 Inflow (Rose) 7,900 -99.3 -13.25

SE ROA 46721

JA_14090



199 SW Inflow (Rose) 0 -98.4 -13.08
198 E E. Dry Valley 2,895 -96.9 -12.99 67
198 W W. Dry Valley 324 -97.0 -12.68 68
TR Total Recharge 3,200 -96.9 -12.96
E Kiln Spring 1 418 Spring -91.9 -12.34
E Summit Spring (Mahogany Mts.) 1 419 Spring -92.1 -12.04
E Newels Spring 1 423 Spring -96.0 -12.48
E Ox Valley Spring 1 422 Spring -100.0 -13.95
E Unnamed Spring #2 (Mahogany Mts) 1 421 Spring -100.7 -13.47
E Water Canyon Spring (Mahogany) 1 420 Spring -100.4 -13.68
W Horsethief Spring 2 314  Spring -97.0 -12.68
Warm Spring Flatnose Spring  (Unnamed Spring) 1 153 Spring -101.0 -13.40 -99.3 -13.25 Inter-basin flow from Dry Valley
Spring Delmues Spring (Unnamed Spring) 1 149 Spring -104.0 -13.40 Local Valley spring not included in recharge calculation
ET ET 3,700 -97.2 -13.00
203 GW Outflow (Panaca) 7,400 -99.3 -13.25
203 SW Outflow (Panaca) 0 -97.2 -13.00

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

204 Clover Valley

0 Inflow (None) 0 0.0 0.00
204 N South of Beaver Dam 8,332 -92.2 -12.42 71
204 S North of Jack's Mtn 6,529 -92.0 -12.52 72
TR Total Recharge 14,900 -92.1 -12.46
N Acoma Well 1 118 Well -95.0 -12.60
N Cave Spring (Clover) 2 247 Spring -92.8 -12.37
N Clover Creek Valley Well 246 1 120 Well -89.0 -12.40
N Ramone Mathews Well 1 115 Well -92.0 -12.30
S Big Spring (Clover) 2 253 Spring -93.6 -12.89
S East Settling Spring 1 248 Spring -92.2 -12.76
S Ella Spring 1 251 Spring -95.8 -12.56
S Little Springs (Clover Mts) 2 254  Spring -93.3 -12.81
S Quaking Aspen Spring 1 255 Spring -93.6 -12.98
S Sheep Spring (Clover) 2 108 Spring -88.8 -12.03
S Unnamed Spring 1 113 Spring -86.5 -11.60
Alluvial Well Clover Creek Valley Well 232 1 114 Well -84.0 -11.70
ET ET 5,200 -92.1 -12.46
205 GW Outflow (LMVW) 9,700 -92.1 -12.46
205 SW Outflow (LMVW) 0 -92.1 -12.46

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

203 Panaca Valley

202 Inflow (Patterson) 14,900 -101.0 -13.43
198 Inflow (Dry) 7,400 -99.3 -13.25
198 SW Inflow (Dry) 0 -97.2 -13.00
203 E Condor Canyon 2,509 -92.0 -12.19 69
203 W Cathedral Gorge 3,020 -98.9 -13.28 70
TR Total Recharge 5,500 -95.8 -12.78
W Connor Spring 1 283 Spring -100.6 -13.84
W Deadman Spring (Highland) 2 162 Spring -95.0 -12.07
W Highland Spring 3 163  Spring -99.1 -13.36
W Lime Spring 2 160 Spring -98.5 -13.16
W Pine Spring 2 157 Spring -99.0 -13.37
W Upper Conner Spring 2 156 Spring -101.2 -13.87
E Kiln Spring 1 418 Spring -91.9 -12.34
E Summit Spring (Mahogany Mts.) 1 419 Spring -92.1 -12.04
Warm Bennett Spring 20 1 141 Spring -103.0 -13.70 -101.0 -13.43 Inter-basin flow from Patterson Valley
Warm Caliente Hot Springs (Hotel) 0 8 129 Spring -107.9 -14.44 -105.5 -14.08 Inter-basin flow from Lake Valley
Warm Panaca Spring 7700 13 144  Spring -106.9 -14.14 -105.5 -14.08 Inter-basin flow from Lake Valley
Surface Meadow Valley Wash, Cal. 1 130 Surface -97.0 -13.10
Warm Lester Mathews Well 1 142 Well -103.0 -13.30
Warm Panaca Town Well 1 143 Well -106.0 -14.00
Warm North Lee Well 1 147 Well -101.0 -13.30
ET ET 18,900 -99.1 -13.20
205 GW Outflow (LMVW) 8,900 -100.4 -13.37
205 SW Outflow (LMVW) 0 -99.1 -13.20

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX
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205 Lower Meadow Valley Wash

203 Inflow (Panaca) 8,900 -100.4 -13.37
204 Inflow (Clover) 9,700 -92.1 -12.46
203 SW Inflow (Panaca) 0 -99.1 -13.20
204 SW Inflow (Clover) 0 -92.1 -12.46
205 NW Delamar Mtns. 3,114 -92.2 -12.28 92
205 NE Clover Mountains 7,378 -90.4 -12.25 93
205 SW Meadow Valley Mtns. 1,160 -87.4 -11.92 94
205 SE Mormon Mtns. 906 -90.0 -12.65 95
TR Total Recharge 12,600 -90.6 -12.25
NE Big Spring (Clover) 2 253 Spring -93.6 -12.89
NE East Settling Spring 1 248 Spring -92.2 -12.76
NE Ella Spring 1 251 Spring -95.8 -12.56
NE Garden Spring 1 246 Spring -87.0 -11.54
NE Kershaw-Ryan Spring #1 1 250 Spring -95.1 -13.11
NE Sheep Spring (Clover) 2 108 Spring -88.8 -12.03
NE Unnamed Spring 1 113 Spring -86.5 -11.60
NE Unnamed Spring (Clover) 1 249 Spring -88.0 -12.20
NE Garden Spring 1 246 Spring -87.0 -11.54
NW Abandoned Spring 1 266 Spring -94.5 -12.32
NW Grassy Spring 3 117 Spring -88.7 -11.08 Evaporated so not used in recharge calculation
NW Buckboard Spring 1 264 Spring -88.2 -11.71
NW Cottonwood Spring (Delamar) 1 265 Spring -96.9 -12.87
NW Bishop Spring 3 107 Spring -87.2 -11.72
NW Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
NW Lower Chokecherry Spring 1 261 Spring -98.4 -12.98
NW Lower Indian Spring 1 267 Spring -96.0 -12.62
NW Narrow Canyon Spring 1 257 Spring -92.5 -12.47
NW Oak Spring 1 269 Spring -90.0 -11.87
NW Red Rock Spring 1 256 Spring -95.0 -12.30
NW Willow Spring (KSV-1) 4 92 Spring -88.4 -11.60
NW Sawmill Spring  (Delamar Range) 1 259 Spring -88.7 -12.58
NW Sawmill Spring West 1 258 Spring -91.8 -12.86
NW Unnamed Chokecherry Spring 1 263 Spring -98.1 -12.54
NW Upper Chokecherry Spring 1 262 Spring -98.9 -12.96
NW Willow Spring 2 (So.of Oak Sps.summit) 1 260 Spring -91.2 -11.69
NW Upper Indian Spring 1 268 Spring -88.0 -11.46
NW Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
SW Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
SE Davies Spring 1 90 Spring -89.0 -12.50
SE Horse Spring (Morman) 1 85 Spring -89.0 -12.70
SE Hackberry Spring 1 84 Spring -87.0 -12.30
Warm Kershaw-Ryan Spring #1 1 250 Spring -95.1 -13.11 -96.1 -12.90 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
Warm EH-6 Weiser Wash 1 59 Well -99.5 -13.90
Warm EH-8 Weiser Wash 1 57 Well -96.5 -13.70
Alluvial Well Railroad Well (Farrier, NV) 1 80 Well -97.5 -12.50
ET ET 21,900 -92.9 -12.53
206 GW Outflow (Upper Moapa) 4,000 -96.1 -12.90
218 GW Outflow (California Wash) 5,300 -96.1 -12.90
218 SW Outflow (California Wash) 0 -90.6 -12.25

XXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

SE ROA 46723

JA_14092



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

175 Long Valley

0 Inflow (None) 0 0.0 0.00
175 SE Butte Mtn. (S) 2,676 -119.6 -15.53 35
175 SW Alligator Rdg. 3,667 -122.4 -15.96 36
175 NW Maverick Springs 11,446 -123.9 -16.23 37
175 NE Butte Mtn. (N) 3,228 -119.2 -15.36 164
TR Total Recharge 21,000 -122.4 -15.96
SE Butte Spring 1 327  Spring -120.4 -15.79
SE Cabin Spring 1 328  Spring -124.4 -15.89
SE Robbers Roost #2 Spring (Butte) 1 340  Spring -112.0 -14.39
SE Deer Spring (Butte) 1 332 Spring -114.1 -14.74
SE Summit Spring 1 348  Spring -120.8 -15.94
SE Thirty Mile Spring 1 242 Spring -126.0 -16.40
NW Mud Spring (Buck Mts) 1 339  Spring -117.6 -15.21
NW Ram. Res. Wtr Supply Well 1 244 Well -129.5 -16.75
NW Unnamed Near Little Willow Spring 1 351  Spring -125.9 -17.04
NW Well at Alligator Ridge 1 243 Well -127.0 -16.60
NW Woodchuck Spring 1 356  Spring -119.6 -15.55
NE White Rock Spring (Butte) 1 355  Spring -119.2 -15.36
ET ET 1,200 -122.4 -15.96
154 GW Outflow (Newark) 0 -122.4 -15.96
174 GW Outflow (Jakes) 19,800 -122.4 -15.96

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

174 Jakes Valley

175 Inflow (Long) 19,800 -122.4 -15.96
174 E Egan Range 2,909 -118.4 -15.31 33
174 W North White Pine 10,076 -120.3 -15.83 34
TR Total Recharge 13,000 -119.9 -15.71
W Tunnel Spring 1 366  Spring -118.3 -15.02
W Aspen Springs North 1 349  Spring -119.3 -15.84
W Aspen Springs South 1 324  Spring -120.9 -16.02
W Chicken Spring 1 330  Spring -122.0 -16.17
W Circle Wash Spring 1 331  Spring -114.5 -15.30
W Sage Hen Spring 1 342  Spring -112.4 -14.76
W Sand Spring 1 239 Spring -123.0 -16.20
W Shellback Spring 1 344  Spring -123.6 -16.54
W Unnamed Hayden Canyon Spring 1 350  Spring -120.9 -15.69
W Unnamed Shellback Ridge Spring 1 352  Spring -123.6 -16.18
W Wild Horse Spring (White Pine) 1 240 Spring -129.0 -16.80
W Unnamed Stone Cabin Spring 2 354  Spring -116.2 -15.39
W/E Indian Spring (Butte) 1 334  Spring -119.1 -15.31
W/E Sammy Spring 1 343  Spring -117.6 -15.30
W Upper Illipah Crk 2 238 Surface -123.5 -16.10 Surface Water not included in recharge average
ET ET 900 -121.4 -15.86
207N GW Outflow (NWRV) 31,900 -121.4 -15.86

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

180 Cave Valley

0 Inflow (None) 0 0.0 0.00
180 E S. Schell Cr. Rng 7,438 -105.0 -14.28 43,44

SNWA/BARCASS (SNWA, 2007; Welch and Bright, 2007)

SE ROA 46724

JA_14093



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

180 W S. Egan Rng 7,944 -107.8 -14.28 45,46
TR Total Recharge 15,400 -106.5 -14.28
E North Creek Spring 1 214 Spring -105.0 -14.60
E Patterson Pass Spring WR3 15 305  Spring -108.4 -14.95
E Unnamed Spring in Schell Creek Range 4 304 Spring -107.3 -14.48
E Sheep Spring (Schell Ck) 1 212 Spring -99.5 -13.70
E Robbers Roost Spring (Schell Ck) 1 389 Spring -109.7 -14.75
E Sidehill Spring 1,600 2 200 Spring -100.4 -13.21
W Big Spring (Egan) 4 206 Spring -105.5 -13.90
W Chimney Rock Spring 2 219 Spring -110.5 -14.52
W Granite Spring 1 440 Spring -103.4 -13.32
W Haggerty Spring 1 387 Spring -109.6 -14.78
W Hole in the Bank Spring 1 386 Spring -114.9 -15.37
W Silver Spring 2 385 Spring -111.4 -14.71
W Shingle Spring 2 203 Spring -103.7 -13.33
W Perry Sp Barcass 37 1 408 Spring -107.7 -15.04
W Trough Spring 1 413 Spring -103.6 -13.56
ET ET 1,600 -106.5 -14.28
 Well 180W902 1 601 Deep Well -104.7 -14.12
 Well 180W501 1 600 Deep Well -105.6 -14.12
208 GW Outflow (Pahroc) 9,800 -106.5 -14.28
207S GW Outflow (SWRV) 4,000 -106.5 -14.28

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207N North White River Valley

174 Inflow (Jakes) 31,900 -121.4 -15.86
207 NE Egan Rng North 16,554 -112.3 -15.15 38
207 NW White Pine Rng. 12,030 -115.0 -15.18 39, 40
TR Total Recharge 28,600 -113.5 -15.16
NE on Creek Spring (Unnamed Spring in Gubler Canyon) 1 235 Spring -111.0 -14.90
NE Hole in the Bank Spring 1 386 Spring -114.9 -15.37
NE Lone Pine Spring 3 223 Spring -110.2 -14.90
NE High Springs 1 433 Spring -113.4 -15.43
NE Lion Spring (Egan Range) 1 430 Spring -114.8 -15.34
NE Mud Spring 1 446 Spring -111.0 -14.53
NE Pine Springs (Egan Range) 1 434 Spring -116.0 -15.71
NE Unnamed Spring #1(Egan) 1 435 Spring -112.2 -15.14
NE Unnamed Spring #2 (Egan Range) 1 436 Spring -110.0 -15.14
NE Unnamed Spring #3 (Egan Range) 1 437 Spring -110.2 -15.07
NE Unnamed Spring #4 (Egan Range) 1 438 Spring -114.0 -15.37
NE Unnamed Spring #5 (Egan Range) 1 445 Spring -109.6 -14.72
NE North Spring 2 237 Spring -112.4 -15.11
NE Second Sawmill Spring 1 222 Spring -110.0 -14.70
NE South Spring (Egan) 2 236 Spring -111.5 -15.12
NE Upper Terrace Spring WR2 14 270 Spring -114.0 -15.42
NE Water Canyon Spring 1 358 Spring -114.4 -15.60
NE Lund Spring 1 221 Spring -113.0 -15.40 Local Valley spring not included in recharge calculation
NE Water Canyon 2 233 Surface -116.0 -15.25 Surface Water not included in recharge average
NW Big Tom Plain Spring 1 326  Spring -121.1 -15.92
NW Deer Spring (White Pine) 2 322  Spring -119.3 -15.87
NW Unnamed Spring #1 (White Pine) 1 359  Spring -114.8 -15.36
NW Unnamed Spring #2 (White Pine) 1 360  Spring -114.9 -15.66
NW Unnamed Spring #3 (White Pine) 1 361  Spring -113.1 -14.96
NW Unnamed Spring #4 (White Pine) 1 362  Spring -116.3 -15.01
NW Unnamed Spring #5 (White Pine) 3 363  Spring -116.0 -15.36
NW Unnamed Spring #6 (White Pine) 1 364  Spring -115.1 -14.98
NW Halfway Spring (RS) 2 429 Spring -108.7 -13.52
NW Easter Spring 1 365  Spring -119.4 -15.56
NW Little Tom Plain Spring 2 337  Spring -121.0 -15.86

SE ROA 46725

JA_14094



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

NW Monitoring Spring WR1 14 320 Spring -113.7 -15.58
NW Saddle Spring (White Pine) 3 357 Spring -116.8 -15.45
NW Secret Spring 1 220 Spring -110.0 -14.00
NW Unnamed Spring below Currant Mtn 1 226 Spring -107.0 -14.00
NW Stove Spring 1 347  Spring -114.5 -15.71
NW med Spring in dry creek bed (White Pine Range) 1 321 Spring -113.6 -15.31
NW Snowmelt Below Duckwater Peak 5,700 1 224 Surface -105.0 -14.10 Surface Water not included in recharge average
NW Little Currant Creek 1 217 Surface -113.0 -15.00 Surface Water not included in recharge average
Warm Cold Spring, Preston 1,000 2 230 Spring -123.5 -15.80
Warm Nicholas Spring 2,000 1 227 Spring -124.0 -16.10
Warm Preston Big Spring 5,900 11 231  Spring -122.0 -15.88
Warm Discharge Warm Sprs (Avg) 8,900 14 -122.6 -15.92 -121.4 -15.86 Inter-basin flow from Jakes Valley
ET ET 29,500 -117.6 -15.53
207S GW Outflow (SWRV) 31,000 -117.6 -15.53

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207S South White River Valley WRV Tot Recharge
42,900

207N Inflow (N White River) 31,000 -117.6 -15.53
180 Inflow (Cave) 4,000 -106.5 -14.28
207 SE Egan Rng South 7,844 -106.9 -14.15 41
207 SW Grant Rng 6,467 -106.5 -14.23 42
TR Total Recharge 14,300 -106.7 -14.18
E Chimney Rock Spring 2 219 Spring -110.5 -14.52
E Granite Spring 1 440 Spring -103.4 -13.32
E Haggerty Spring 1 387 Spring -109.6 -14.78
E Silver Spring 2 385 Spring -111.4 -14.71
E Big Spring (Egan) 4 206 Spring -105.5 -13.90
E Shingle Spring 2 203 Spring -103.7 -13.33
E Perry Sp Barcass 37 1 408 Spring -107.7 -15.04
E Trough Spring 1 413 Spring -103.6 -13.56
E Butterfield Spring 4,000 1 202 Spring -105.0 -14.20 Local Valley spring not included in recharge calculation
E Emigrant Spring 1,900 2 207 Spring -107.8 -14.50 Local Valley spring not included in recharge calculation
E Flag Spring #3 1 201 Spring -105.0 -14.30 Local Valley spring not included in recharge calculation
SW Albert Spring 1 204 Spring -107.0 -13.95
SW Big Spring (Grant) 1 194 Spring -112.0 -15.20
SW Brady Spring 2 282 Spring -109.5 -15.38
SW Forest Home Spring (Unnamed Spring) 1 195 Spring -108.5 -14.50
SW Horse Spring (Grant) 1 370  Spring -99.5 -12.86
SW Teaspoon Spring 1 371  Spring -100.0 -13.26
SW Wiregrass Spring (Grant) 1 372  Spring -101.4 -13.29
SW Murphy Spring 1 373  Spring -114.5 -15.40
SW Little Spring (Grant Range) 1 369  Spring -99.4 -12.48 Evaporated so not used in recharge calculation
Warm Hot Creek Campground Well 0 1 198 Well -118.0 -15.30
Warm Hot Creek Springs 10,000 10 197  Spring -118.9 -15.69
Warm Moon River Spring 2,800 1 192 Spring -120.0 -15.80
Warm Moorman Spring 400 1 205 Spring -119.0 -15.70
Warm Discharge Warm Sprs (Avg) 13,200 13 -119.2 -15.71 -117.6 -15.53 Inter-basin flow from Northern White River Valley
ET ET 47,200 -113.6 -15.04
208 GW Outflow (Pahroc) 2,100 -113.6 -15.04

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXXX

172 Garden Valley

0 Inflow (None) 0 0.0 0.00
SW Quinn Canyon Range 15,621 -104.6 -14.08 171
172 NW Grant Range 7,993 -106.5 -14.27 170
172 NE Golden Gate Rng 1,063 -98.0 -13.30 55
172 SE Worthington Mountains 1,030 -98.0 -13.30 56

SE ROA 46726
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

TR Total Recharge 25,700 -104.7 -14.08
SW Unnamed Spring #7 (Quinn) 1 367  Spring -105.9 -14.23
SW Unnamed Spring #8 (Quinn) 1 368  Spring -104.4 -14.18
SW Adaven Spring 2 177 Spring -105.3 -14.01
SW Lower Little Cherry Cr Spring 1 182 Spring -103.0 -13.90
SW Carpenter Spring 1 171 Spring -95.0 -11.85 Evaporated so not used in recharge calculation
NW Big Spring (Grant) 1 194 Spring -112.0 -15.20
NW Brady Spring 2 282 Spring -109.5 -15.38
NW Forest Home Spring (Unnamed Spring) 1 195 Spring -108.5 -14.50
NW Horse Spring (Grant) 1 370  Spring -99.5 -12.86
NW Teaspoon Spring 1 371  Spring -100.0 -13.26
NW Wiregrass Spring (Grant) 1 372  Spring -101.4 -13.29
NW Murphy Spring 1 373  Spring -114.5 -15.40
NW Little Spring (Grant Range) 1 369  Spring -99.4 -12.48 Evaporated so not used in recharge calculation
SE The Seeps (Spring) 1 136 Spring -98.0 -13.30
ET ET 1,700 -104.7 -14.08
171 GW Outflow (Coal) 24,000 -104.7 -14.08

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

171 Coal Valley

172 Inflow (Garden) 24,000 -104.7 -14.08
172 Inflow (SWRV) 0 -113.6 -15.04
171 E Seaman Rng 1,282 -99.0 -13.13 75
171 W Golden Gate Rng 2,882 -98.2 -12.87 76
TR Total Recharge 4,200 -98.4 -12.95
W Cold Spring 1 288 Spring -98.9 -12.98
W Henry Spring 1 287 Spring -97.4 -12.77
W Little Cut Spring 2 286  Spring -98.3 -12.85
E Seaman Spring 1 306 Spring -99.0 -13.13
ET ET 0 -103.7 -13.91
Carb Well USGS-MX C.V. Well (CV-DT-1) 2 176 Well -109.0 -14.56 -104.7 -14.08 Underflow from Garden Valley
208 GW Outflow (Pahroc) 28,200 -103.7 -13.91

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

208 Pahroc Valley

207S Inflow (S. White River) 2,100 -113.6 -15.04
180 Inflow (Cave) 9,800 -106.5 -14.28
171 Inflow (Coal) 28,200 -103.7 -13.91
208 E N. Pahroc Rng. 2,596 -94.2 -12.42 73
208 W Seaman Rng. 2,286 -99.0 -13.13 74
TR Total Recharge 4,900 -96.4 -12.75
E Black Rock Spring 2 158 Spring -93.8 -12.31
E Coyote Spring 2 169 Spring -95.1 -12.53
E Hamilton Spring 1 298 Spring -93.1 -11.76
E Little Boulder Spring 1 301 Spring -97.2 -13.06
E Mustang Spring 2 135 Spring -90.5 -12.49
E Pahroc Spring 3 131  Spring -92.2 -12.65
E Rattlesnake Spring 1 302 Spring -97.3 -12.65
E Unnamed Spring--nr Blackrock 1 299 Spring -94.3 -11.90
W Seaman Spring 1 306 Spring -99.0 -13.13
Evaporated White Rock Spring (Seaman Range) 1 154 Spring -90.0 -12.10 Evaporated not used in recharge calculation
ET ET 0 -104.0 -13.92
209 GW Outflow (Pahranagat) 43,000 -104.0 -13.92
181 GW Outflow (Dry Lake) 2,000 -106.5 -14.28

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

SE ROA 46727
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

209 Pahranagat Valley

208 Inflow (Pahroc) 43,000 -104.0 -13.92
181 Inflow (Dry Lake) 0 -99.0 -13.12
209 Inflow (Delamar) 0 -97.3 -12.93
209 E S. Pahroc Rng. 2,377 -94.9 -12.83 77, 78
209 W Mt. Irish/Pahranagat Rng. 3,545 -98.4 -14.24 79, 80 (172, 173)
TR Total Recharge 5,900 -97.0 -13.67
E Eightmile Spring 2 295 Spring -95.6 -13.09
E Gulch Spring(Unnamed Spring in Hells Acres Gulch) 1 109 Spring -93.0 -12.30
E Sixmile Spring 1 112 Spring -93.4 -13.06
E Twin Spring 1 294 Spring -97.4 -13.24
E named Spring in Road(South Pahroc Range) 1 303 Spring -96.7 -13.07
E Unnamed Spring nr Six Mile seep 1 296 Spring -94.5 -12.62
E Water Tank 0.4mi West of Sixmile 1 297 Spring -93.8 -12.44
S Maynard Lake Spring (Unnamed Spring) 1 94 Spring -94.0 -12.30 Local Valley spring not included in recharge calculation
W Reed Spring 1 289 Spring -98.4 -14.24
Warm Ash Springs 12400 6 110 Spring -109.1 -14.11
Warm Little Ash Spring (Ash Spring) 500 1 111 Spring -107.2 -14.20
Warm Crystal Springs 8,200 17 116  Spring -108.8 -14.41
Warm Hiko Spring 4,300 7 122 Spring -108.7 -14.39
Warm Discharge Warm Springs (Avg) 25,400 31 -108.9 -14.26 -104.0 -13.92 Inter-basin flow from Pahroc Valley
ET ET 28,500 -103.2 -13.89
Well 209M-1 1 608 Deep Well -104.7 -13.53 -104.0 -13.92 Inter-basin flow from Pahroc Valley
210 GW Outflow (Coyote Spr) 20,400 -103.2 -13.89

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

181 Dry Lake Valley

180 Inflow (Pahroc) 2,000 -106.5 -14.28
181 NW S. Schell Ck Range 1,307 -100.4 -13.21 59
181 SW N. Pahroc Rng. 2,081 -94.2 -12.42 57
181 NE Fairview Rng. 3,709 -99.5 -12.89 58
181 E Bristol/Highland Rng. 7,895 -98.9 -13.28 61
181 SE Chief Rng. 1,696 -94.6 -12.36 62
TR Total Recharge 16,700 -98.1 -12.98
E Deadman Spring (Highland) 2 162 Spring -95.0 -12.07
E Highland Spring 3 163  Spring -99.1 -13.36
E Lime Spring 2 160 Spring -98.5 -13.16
E Pine Spring 2 157 Spring -99.0 -13.37
E Connor Spring 1 283 Spring -100.6 -13.84
E Upper Conner Spring 2 156 Spring -101.2 -13.87
SE Red Rock Spring 1 256 Spring -95.0 -12.30
SE Abandoned Spring 1 266 Spring -94.5 -12.32
SE Buckboard Spring 1 264 Spring -88.2 -11.71
SE Cottonwood Spring (Delamar) 1 265 Spring -96.9 -12.87
SE Lower Chokecherry Spring 1 261 Spring -98.4 -12.98
SE Oak Spring 1 269 Spring -90.0 -11.87
SE Unnamed Chokecherry Spring 1 263 Spring -98.1 -12.54
SE Upper Chokecherry Spring 1 262 Spring -98.9 -12.96
SE Willow Spring 2 (So.of Oak Sps.summit) 1 260 Spring -91.2 -11.69
NE Bailey Spring (Fairview) 2 277 Spring -98.2 -12.69
NE Cottonwood Spring (Fairview) 1 274 Spring -102.2 -13.40
NE Littlefield Spring 1 275 Spring -98.5 -12.73
NE Lower Pony Spring 2 190 Spring -101.0 -13.25
NE Meloy Spring 1 276 Spring -99.8 -12.75
NE Scotty Spring 1 272 Spring -98.9 -12.73
NE Indian Spring near Steward Ranch 1 188 Spring -102.0 -13.60
NE Unnamed Spring near Pony Spring 1 191 Spring -99.0 -12.90
NE Fence Spring 1 278 Spring -97.4 -12.55

SE ROA 46728
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

NE Fox Cabin 1 273 Spring -103.5 -13.59
NE Lower Fairview 1 281 Spring -97.5 -12.39
NE Robison Spring 1 279 Spring -97.9 -12.34
NE Upper Fairview 1 280 Spring -97.7 -12.66
SW Black Rock Spring 2 158 Spring -93.8 -12.31
SW Coyote Spring 2 169 Spring -95.1 -12.53
SW Hamilton Spring 1 298 Spring -93.1 -11.76
SW Little Boulder Spring 1 301 Spring -97.2 -13.06
SW Mustang Spring 2 135 Spring -90.5 -12.49
SW Pahroc Spring 3 131  Spring -92.2 -12.65
SW Rattlesnake Spring 1 302 Spring -97.3 -12.65
SW Unnamed Spring--nr Blackrock 1 299 Spring -94.3 -11.90
NW Sidehill Spring 1,600 2 200 Spring -100.4 -13.21
Evporated Grassy Spring 3 117 Spring -88.7 -11.08 Evaporated so not used in recharge calculation
Evaporated Wildhorse Spring (Fairview) 1 183 Spring -92.5 -11.70 Evaporated so not used in recharge calculation
ET ET 0 -99.0 -13.12
Carb Well Fugro Dry Lake V Deep Well 2 179 Well -107.5 -14.16 -106.5 -14.28 Inter-basin flow from Cave Valley
Carb Well 181M1 1 603 Deep Well -105.0 -13.67 -106.5 -14.28 Inter-basin flow from Cave Valley
Carb Well 181W909M 1 604 Deep Well -104.6 -13.50 -106.5 -14.28 Inter-basin flow from Cave Valley
209 GW Outflow (Pahranagat) 0 -99.0 -13.12
182 GW Outflow (Delamar) 18,700 -99.0 -13.12

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

182 Delamar Valley

181 Inflow (Dry Lake) 18,700 -99.0 -13.12
182 E Delamar Mtns. 5,755 -92.5 -12.32 81
182 W S. Pahroc Rng. 1,073 -94.6 -12.81 82
TR Total Recharge 6,800 -92.8 -12.39
E Abandoned Spring 1 266 Spring -94.5 -12.32
E Red Rock Spring 1 256 Spring -95.0 -12.30
E Oak Spring 1 269 Spring -90.0 -11.87
E Upper Chokecherry Spring 1 262 Spring -98.9 -12.96
E Upper Indian Spring 1 268 Spring -88.0 -11.46
E Lower Indian Spring 1 267 Spring -96.0 -12.62
E Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
E Narrow Canyon Spring 1 257 Spring -92.5 -12.47
E Bishop Spring 3 107 Spring -87.2 -11.72
E Buckboard Spring 1 264 Spring -88.2 -11.71
E Cottonwood Spring (Delamar) 1 265 Spring -96.9 -12.87
E Lower Chokecherry Spring 1 261 Spring -98.4 -12.98
E Sawmill Spring (Delamar Range) 1 259 Spring -88.7 -12.58
E Sawmill Spring West 1 258 Spring -91.8 -12.86
E Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
E Unnamed Chokecherry Spring 1 263 Spring -98.1 -12.54
E Willow Spring 2 (So.of Oak Sps.summit) 1 260 Spring -91.2 -11.69
W Pahroc Spring 3 131  Spring -92.2 -12.65
W Gulch Spring(Unnamed Spring in Hells Acres Gulch) 1 109 Spring -93.0 -12.30
W Sixmile Spring 1 112 Spring -93.4 -13.06
W Eightmile Spring 2 295 Spring -95.6 -13.09
W Twin Spring 1 294 Spring -97.4 -13.24
W named Spring in Road(South Pahroc Range) 1 303 Spring -96.7 -13.07
W Unnamed Spring nr Six Mile seep 1 296 Spring -94.5 -12.62
W Water Tank 0.4mi West of Sixmile 1 297 Spring -93.8 -12.44
Evaporated Grassy Spring 3 117 Spring -88.7 -11.08 Evaporated so not used in recharge calculation
ET ET 0 -97.3 -12.93
Well 182W906M 1 607 Deep Well -100.3 -13.33 -99.0 -13.12 Inter-basin flow from Dry Lake Valley
209 GW Outflow (Pahranagat) 0 -97.3 -12.93
210 GW Outflow (Coyote Spr) 25,500 -97.3 -12.93

SE ROA 46729
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

206 Kane Springs Valley

0 Inflow (None) 0 0.0 0.00
206 W Delamar Mtns. 4,149 -89.0 -12.22 90
206 E Meadow Valley Mtns. 305 -87.4 -11.92 91
TR Total Recharge 4,500 -88.9 -12.20
E Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
W Sawmill Spring (Delamar Range) 1 259 Spring -88.7 -12.58
W Sawmill Spring West 1 258 Spring -91.8 -12.86
W Bishop Spring 3 107 Spring -87.2 -11.72
W Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
W Kane Springs (KSV-3) 3 97 Spring -86.8 -12.13
W Narrow Canyon Spring 1 257 Spring -92.5 -12.47
W Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
W Willow Spring (KSV-1) 4 92 Spring -88.4 -11.60
ET ET 0 -88.9 -12.20
210 GW Outflow (Coyote Spr) 4,500 -88.9 -12.20

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

210 Coyote Springs Valley

209 Inflow (Pahranagat) 20,400 -103.2 -13.89
182 Inflow (Delamar) 25,500 -97.3 -12.93
206 Inflow (Kane Springs) 4,500 -88.9 -12.20
210 NE S. Delamar Mtns. 1,059 -89.0 -12.22 83
210 E S. Meadow Valley Mtns. 16 -87.4 -11.9 84
210 NW S. of Maynard Lake 0 -94.0 -12.30 87
210 SE Arrow Canyon Rng. 15 -81.0 -10.60 88
210 W Sheep Range 1,202 -92.7 -12.83 89
TR Total Recharge 2,300 -90.8 -12.53
W Cow Camp Spring 4 47  Spring -91.9 -12.53
W Lamb Spring 1 86 Spring -92.5 -13.15
W Mormon Well Spring 3 53 Spring -91.8 -12.67
W Rye Patch Spring 1 341  Spring -89.3 -12.31
W Sawmill Spring (Sheep) 1 58 Spring -92.0 -12.85
W Sheep Spring (Sheep Range) 1 83 Spring -96.0 -13.35
W Wiregrass Spring (Sheep) 13 49 Spring -95.1 -12.93
W White Rock Spring (Sheep) 2 64  Spring -85.5 -10.17 Evaporated not used in recharge calculation
NW Maynard Lake Spring (Unnamed Spring) 1 94 Spring -94.0 -12.30
SE Wamp Spring 1 52 Spring -81.0 -10.60
E Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
NE Bishop Spring 3 107 Spring -87.2 -11.72
NE Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
NE Kane Springs (KSV-3) 3 97 Spring -86.8 -12.13
NE Narrow Canyon Spring 1 257 Spring -92.5 -12.47
NE Sawmill Spring  (Delamar Range) 1 259 Spring -88.7 -12.58
NE Sawmill Spring West 1 258 Spring -91.8 -12.86
NE Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
NE Willow Spring (KSV-1) 4 92 Spring -88.4 -11.60
Carb Well CSVM-2 1 612 Well -97.7 -13.14
Carb Well CSVM-3 1 613 Well -98.0 -13.10
Carb Well CSVM-4 1 614 Well -102.5 -13.41
Carb Well CSVM-6 1 616 Well -100.7 -12.97
Carb Well CSI-1 1 609 Well -102.6 -13.08
Carb Well CSI-2 1 610 Well -100.2 -12.90
Carb Well CSI-3 1 611 Well -99.6 -13.03
Carb Well USGS CSV-1 1 71 Well -103.0 -13.55
Carb Well CE-VF-2 Well 2 81 Well -101.0 -13.10

SE ROA 46730
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

Carb Well Fugro CV Deep Well CE-DT-5 3 77 Well -99.6 -12.96
Carb Well CE-DT-4 1 78 Well -102.5 -13.00
CARB Carbonate Well (Avg) 14 -100.7 -13.11 -98.9 -13.25 Flow weighted average of inter-basin flow from Pahranagat, Kane Springs, and Delamar Valleys
ET ET 0 -98.6 -13.22
219 GW Outflow (Muddy) 37,700 -98.6 -13.22
217 GW Outflow (Hidden) 15,000 -98.6 -13.22

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

219 Upper Moapa (Muddy) Valley

205 Inflow (LMVW) 4,000 -93.6 -12.60
210 Inflow (Coyote) 37,700 -98.6 -13.22
219 S E. Arrow Canyon? 3 -87.4 -11.92 85
219 N Wildcat Wash 40 -87.4 -11.92 86
TR Total Recharge 0 -87.4 -11.92
N/S Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
Warm APCAR 0 1 292 Spring -98.2 -12.94
Warm Baldwin Spring 2226 9 291 Spring -97.6 -12.97
Warm Big Muddy Spring 5500 6 69 Spring -97.9 -12.89
Warm Iverson's Spring 0 1 65 Spring -97.0 --
Warm Jones Spring Pumphouse 0 6 292  Spring -97.9 -13.05
Warm M-8 Spring (Unnamed Spring) 0 1 68 Spring -99.0 -12.75
Warm M-9 Spring (Unnamed Spring) 200 1 70 Spring -96.5 -12.45
Warm Pederson's East 0 9 290 Spring -97.8 -12.98
Warm Pederson's Warm Spring (M-13) 400 15 67  Spring -97.5 -12.93
Warm Dicharge Warm Sprs (Avg) 8,300 49 -97.8 -12.90 -98.1 -13.16 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
Carb Well CE-DT-6 Well 2 72 Well -98.0 -13.03
Carb Well CSV-2 Well 2 76 Well -97.9 -12.92
CARB Deep Carbonate Well (Avg) 4 -97.9 -12.97 -98.1 -13.16 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
ET ET 6,000 -98.1 -13.16
Gage Moapa Gage 34,000
218 SW Outflow (California) 34,000
218 GW Outflow (California) 1,700 -98.1 -13.16

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

217 Hidden Valley

210 Inflow (Coyote) 15,000 -98.6 -13.22
217 E E. Hidden 0 -81.0 -10.60 99
217 W W. Hidden 47 -81.0 -10.60 100
TR Total Recharge 0 -81.0 -10.60
W Wamp Spring 1 52 Spring -81.0 -10.60
ET ET 0 -98.6 -13.22
216 GW Outflow (Garnet ) 15,000 -98.6 -13.22

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

216 Garnet Valley

217 Inflow (Hidden) 15,000 -98.6 -13.22
216 E Apex 0 -81.0 -10.60 104
216 W Las Vegas Range 106 -81.0 -10.60 105
TR Total Recharge 100 -81.0 -10.60
W Wamp Spring 1 52 Spring -81.0 -10.60

Dry Lake Valley Well 1 34 Well -97.5 -13.30
Carb Well GP Apex Well 3 17 Well -97.2 -13.53
Carb Well Unnamed Well (Near Dry Lake Range) 1 24 Well -96.0 -13.70
Carb Well US Lime Well (Genstar) 1 27 Well -97.0 -12.75
CARB Wells (Avg) 6 -96.9 -13.32 -98.6 -13.22 Inter-basin flow from Hidden Valley

SE ROA 46731

JA_14100



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

ET ET 0 -98.5 -13.20
218 GW Outflow (California) 15,100 -98.5 -13.20

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

218 California Wash

219 SW Inflow (Muddy) 34,000
205 SW Inflow (LMVW) 0
219 Inflow (Muddy) 1,700 -98.1 -13.16
205  Inflow (Lower Meadow VW) 5,200 -93.6 -12.60
216 Inflow (Garnet) 15,100 -98.5 -13.20
218 E Moapa Paiutes 0 -82.0 -10.60 110
218 W Muddy Mtns. 0 -82.0 -10.60 111
TR Total Recharge 0 0.0 0.00
W Valley of Fire Well 1 31 Well -82.0 -10.60
Carb Well Calpine Test Well 1a 1 43 Well -99.0 -13.50
Carb Well Moapa Well 1 41 Well -99.0 -13.40
ET ET 4,500 -97.3 -13.06
CARB Carbonate Well (Avg) -99.0 -13.45 -97.3 -13.06 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
220 GW Outflow (Lower Moapa) 18,800 -97.3 -13.06
215 GW Outflow (Black Mtn Area) 2,000 -97.3 -13.06
220 SW Outflow (Lower Moapa) 30,700

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

215 Black Mountains Area

218 Inflow (California Wash) 2,000 -97.3 -13.06
215 NE Muddy Mtns. 0 -85.0 -10.95 113
215 SE Black Mtns. 0 -79.5 -10.65 114
215 W Gypsum Wash 0 -79.5 -10.65 112, 166
TR Total Recharge 0 0.0 0.00
SE Cottonwood Spring (Black Mtns.) 0 1 8 Spring -80.0 -10.80
SE Sandstone Spring 0 1 10 Spring -79.0 -10.50
NE Unnamed, Kaolin Wash 1 35 Spring -88.0 -11.30
NE Valley of Fire Well 1 31 Well -82.0 -10.60
Alluvial Sprin Bitter Spring 5 1 14 Spring -77.0 -9.90
Carb Spr Blue Point Spring 440 5 26 Spring -92.6 -12.40
Carb Spr Corral Spring (Unnamed Spring) 0 1 19 Spring -91.5 -12.10
Carb Spr Rogers Spring 1,200 3 21 Spring -91.7 -12.33
Carb Spr Scirpus Spring (No spring on Map) 0 1 20 Spring -90.0 -12.00
Carb Spr VF Spring 1 0 1 28 Spring -88.0 -11.20
Carb Spr VF Spring 2 6 1 29 Spring -92.0 -11.80
Carb Spr VF Spring 3 17 1 30 Spring -93.0 -12.20
ET ET 1,400 -97.3 -13.06
CARB Carbonate Spr (Avg) 1,700 13 -91.3 -12.01 -97.3 -13.06 Weighted Average of Inflow from Califronia Wash 
999 GW Outflow (Colorado River) 600 -97.3 -13.06

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

220 Lower Moapa Valley

218 GW Inflow (California Wash) 18,800 -97.3 -13.06
218 SW Inflow (California Wash ) 30,700
220 S Valley of Fire 0 -88.0 -11.30 101
220 N S. Mormon Mtns. 37 -88.3 -12.50 102
TR Total Recharge 0 -88.3 -12.50
N Davies Spring 1 90 Spring -89.0 -12.50
N Hackberry Spring 1 84 Spring -87.0 -12.30
N Horse Spring (Morman) 1 85 Spring -89.0 -12.70
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

S Unnamed, Kaolin Wash 1 35 Spring -88.0 -11.30
Carb Well EH-7 1 56 Well -91.0 -12.45
Carb Well EH-3 Weiser Wash 1 61 Well -91.0 -12.70
ET ET 25,300 -97.3 -13.06
CARB Carbonate Well (Avg) 2 -91.0 -12.58 -93.6 -12.60 Inter-basin flow from Lower Meadow Valley Wash
999 GW Outflow (Colorado River) 17,200 -97.3 -13.06
999 SW Outflow (Colorado River) 7,000

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

Colorado R Lake Mead (Colorado River)

210 GW Inflow (Black Mountains Area) 600 -97.3 -13.06
205 GW Inflow (Lower Moapa) 17,200 -97.3 -13.06
999 Groundwater Total 17,800 -97.3 -13.06

205 SW Inflow (Lower Moapa) 7,000
999 Surface water Total 7,000

999 Inflow Total 24,800

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

183 Lake Valley

0 Inflow (None) 0 0.0 0.00
183 NE Fortification Rng 1,499 -106.3 -14.16 49
183 NW Cen. Schell Cr. Rng 4,759 -108.1 -14.74 51
183 SE Wilson Cr. Rng. @ Atlanta 4,188 -104.7 -13.75 50
183 SW Fairview Rng. 1,716 -101.1 -13.29 60
TR Total Recharge 12,200 -105.7 -14.12
NE Indian Springs 1 375 Spring -106.3 -14.16
NW Big Spring North 700 1 211 Spring -112.0 -15.10
NW Big Spring South 1,600 1 210 Spring -111.0 -14.80
NW Geyser Spring 340 1 213 Spring -105.0 -14.50
NW North Creek Spring 1,200 1 214 Spring -105.0 -14.60
NW Patterson Pass Spring WR3 15 305  Spring -108.4 -14.95
NW Unnamed Spring in Schell Creek Range 4 304 Spring -107.3 -14.48
SE Headwaters Spring WR5 17 309 Spring -107.3 -14.57
SE Bailey Spring (Wilson Ck) 1 310 Spring -102.0 -12.93
SE Wilson Creek 1 189 Surface -97.5 -13.20 Surface Water not included in recharge average
SW Cottonwood Spring (Fairview) 1 274 Spring -102.2 -13.40
SW Lower Pony Spring 2 190 Spring -101.0 -13.25
SW Indian Spring near Steward Ranch 1 188 Spring -102.0 -13.60
SW Unnamed Spring near Pony Spring 1 191 Spring -99.0 -12.90
ET ET 6,100 -105.7 -14.12
202 GW Outflow (Patterson) 6,100 -105.7 -14.12

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

202 Patterson Valley

183 Inflow (Lake) 6,100 -105.7 -14.12
202 E Wilson Cr. Rng. @ Mt. Wilson 6,464 -97.7 -12.99 47
202 W Bristol Rng. 3,991 -99.2 -13.10 48
TR Total Recharge 10,500 -98.3 -13.03
E Bailey Spring (Wilson Ck) 1 310 Spring -102.0 -12.93
E Blue Rock Spring 1 311 Spring -93.4 -12.68
E Headwaters Spring WR5 17 309 Spring -107.3 -14.57
E Upper Tower Spring 1 312 Spring -93.3 -12.30
E Parsnip Spring 1 180 Spring -93.5 -12.80
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

E Horsethief Spring 2 314  Spring -97.0 -12.68
E Wilson Creek 1 189 Surface -97.5 -13.20 Surface Water not included in recharge average
W Deadman Spring (Highland) 2 162 Spring -95.0 -12.07
W Highland Spring 3 163  Spring -99.1 -13.36
W Lime Spring 2 160 Spring -98.5 -13.16
W Pine Spring 2 157 Spring -99.0 -13.37
W Upper Conner Spring 1 156 Spring -102.3 -13.88
W Connor Spring 1 283 Spring -100.6 -13.84
W Fox Cabin 1 273 Spring -103.5 -13.59
W Scotty Spring 1 272 Spring -98.9 -12.73
W Upper Fairview 1 280 Spring -97.7 -12.66
W Lower Fairview 1 281 Spring -97.5 -12.39
W Wildhorse Spring (Fairview) 1 183 Spring -92.5 -11.70 Evaporated so not used in recharge calculation
W McDermitt Spring 1 323 Spring -94.3 -11.21 Evaporated so not used in recharge calculation
ET ET 1,300 -101.0 -13.43
203 GW Outflow (Panaca) 15,300 -101.0 -13.43

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

201 Spring Valley

0 Inflow (None) 0 0.0 0.00
201 E White Rock Mtns. 5,904 -100.9 -13.52 52
201 W Wilson Cr. Rng. @ Parsnip Pk. 5,161 -97.7 -12.99 53
TR Total Recharge 11,100 -99.4 -13.28
E Barrel Spring 1 317 Spring -100.5 -13.36
E anyon Spring (Unnamed Spring in Burnt Canyon) 1 187 Spring -93.0 -12.30
E Lion Spring 1 318 Spring -103.4 -14.11
E South Monument Spring 1 319 Spring -102.3 -14.23
E Ripgut Sp #40 1 411 Spring -106.4 -14.38
E Unnamed Spring #1(White Rock Mts) 1 415 Spring -109.6 -15.05
E Unnamed Spring #2 (White RockMts) 1 417 Spring -97.0 -13.00
E Upper Burnt Canyon Spring 1 416 Spring -97.6 -12.83
E Upper Burnt Canyon Spring #2 1 416 Spring -103.6 -13.66
E Unnamed Spring nr Redd's Cabin Summit 2 173  Spring -94.4 -12.44
E Tobe Spring 1 315 Spring -100.0 -13.04
E Tobe Spring 2 1 316 Spring -93.6 -12.09
E Unnamed Spring in Miller Canyon 1 313 Spring -103.7 -14.27
E Headwaters Spring WR5 17 309 Spring -107.3 -14.57
W Blue Rock Spring 1 311 Spring -93.4 -12.68
W Headwaters Spring WR5 17 309 Spring -107.3 -14.57
W Bailey Spring (Wilson Ck) 1 310 Spring -102.0 -12.93
W Horsethief Spring 2 314  Spring -97.0 -12.68
W Parsnip Spring 1 180 Spring -93.5 -12.80
W Upper Tower Spring 1 312 Spring -93.3 -12.30
Surface Camp Creek 1 184 Surface -102.0 -14.00 Surface Water not included in recharge average
Surface MVW above Eagle Canyon 1 168 Surface -93.0 -12.00 Surface Water not included in recharge average
ET ET 3,900 -99.4 -13.28
200 GW Outflow (Eagle) 7,200 -99.4 -13.28
200 SW Outflow (Eagle) 0 -97.5 -13.00

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

200 Eagle Valley

201 Inflow (Spring) 7,200 -99.4 -13.28
201 SW Inflow (Spring) 0 -97.5 -13.00
200 E E. Eagle (Ursine) Valley 1,560 -99.1 -13.28 63
200 W W. Eagle (Ursine) Valley 412 -97.0 -12.68 64
TR Total Recharge 2,000 -98.7 -13.15
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

E Butcher Spring 1 424 Spring -103.2 -14.22
E Newels Spring 1 423 Spring -96.0 -12.48
E Ox Valley Spring 1 422 Spring -100.0 -13.95
E Unnamed Spring #2 (Mahogany Mts) 1 421 Spring -100.7 -13.47
E Water Canyon Spring (Mahogany) 1 420 Spring -100.4 -13.68
E Tobe Spring 1 315 Spring -100.0 -13.04
E Tobe Spring 2 1 316 Spring -93.6 -12.09
W Horsethief Spring 2 314  Spring -97.0 -12.68
ET ET 1,000 -99.3 -13.25
199 GW Outflow (Rose) 8,200 -99.3 -13.25
198 SW Outflow (Rose) 0 -99.3 -13.25

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

199 Rose Valley

200 Inflow (Eagle) 8,200 -99.3 -13.25
200 SW Inflow (Eagle) 0 -99.3 -13.25
199 E E. Rose Valley 163 -99.1 -13.28 65
199 W W. Rose Valley 78 -97.0 -12.68 66
TR Total Recharge 200 -98.4 -13.08
E Butcher Spring 1 424 Spring -103.2 -14.22
E Newels Spring 1 423 Spring -96.0 -12.48
E Ox Valley Spring 1 422 Spring -100.0 -13.95
E Unnamed Spring #2 (Mahogany Mts) 1 421 Spring -100.7 -13.47
E Water Canyon Spring (Mahogany) 1 420 Spring -100.4 -13.68
E Tobe Spring 1 315 Spring -100.0 -13.04
E Tobe Spring 2 1 316 Spring -93.6 -12.09
W Horsethief Spring 2 314  Spring -97.0 -12.68
ET ET 600 -99.2 -13.24
198 GW Outflow (Dry) 7,800 -99.2 -13.24
198 SW Outflow (Dry) 0 -99.3 -13.25

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

198 Dry Valley

199 Inflow (Rose) 7,800 -99.2 -13.24
199 SW Inflow (Rose) 0 -99.3 -13.25
198 E E. Dry Valley 2,860 -96.9 -12.99 67
198 W W. Dry Valley 321 -97.0 -12.68 68
TR Total Recharge 3,200 -96.9 -12.96
E Kiln Spring 1 418 Spring -91.9 -12.34
E Summit Spring (Mahogany Mts.) 1 419 Spring -92.1 -12.04
E Newels Spring 1 423 Spring -96.0 -12.48
E Ox Valley Spring 1 422 Spring -100.0 -13.95
E Unnamed Spring #2 (Mahogany Mts) 1 421 Spring -100.7 -13.47
E Water Canyon Spring (Mahogany) 1 420 Spring -100.4 -13.68
W Horsethief Spring 2 314  Spring -97.0 -12.68
Warm Spring Flatnose Spring  (Unnamed Spring) 1 153 Spring -101.0 -13.40 -99.2 -13.24 Inter-basin flow from Dry Valley
Spring Delmues Spring (Unnamed Spring) 1 149 Spring -104.0 -13.40 Local Valley spring not included in recharge calculation
ET ET 3,700 -98.5 -13.16
203 GW Outflow (Panaca) 7,300 -98.5 -13.16
203 SW Outflow (Panaca) 0 -99.2 -13.24

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

204 Clover Valley

0 Inflow (None) 0 0.0 0.00
204 N South of Beaver Dam 8,232 -92.2 -12.42 71
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

204 S North of Jack's Mtn 6,451 -92.0 -12.52 72
TR Total Recharge 14,700 -92.1 -12.46
N Acoma Well 1 118 Well -95.0 -12.60
N Cave Spring (Clover) 2 247 Spring -92.8 -12.37
N Clover Creek Valley Well 246 1 120 Well -89.0 -12.40
N Ramone Mathews Well 1 115 Well -92.0 -12.30
S Big Spring (Clover) 2 253 Spring -93.6 -12.89
S East Settling Spring 1 248 Spring -92.2 -12.76
S Ella Spring 1 251 Spring -95.8 -12.56
S Little Springs (Clover Mts) 2 254  Spring -93.3 -12.81
S Quaking Aspen Spring 1 255 Spring -93.6 -12.98
S Sheep Spring (Clover) 2 108 Spring -88.8 -12.03
S Unnamed Spring 1 113 Spring -86.5 -11.60
Alluvial Well Clover Creek Valley Well 232 1 114 Well -84.0 -11.70
ET ET 5,200 -92.1 -12.46
205 GW Outflow (LMVW) 9,500 -92.1 -12.46
205 SW Outflow (LMVW) 0 -92.1 -12.46

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

203 Panaca Valley

202 Inflow (Patterson) 15,300 -101.0 -13.43
198 Inflow (Dry) 7,300 -98.5 -13.16
198 SW Inflow (Dry) 0 -99.2 -13.24
203 E Condor Canyon 2,479 -92.0 -12.19 69
203 W Cathedral Gorge 2,984 -98.9 -13.28 70
TR Total Recharge 5,500 -95.8 -12.78
W Connor Spring 1 283 Spring -100.6 -13.84
W Deadman Spring (Highland) 2 162 Spring -95.0 -12.07
W Highland Spring 3 163  Spring -99.1 -13.36
W Lime Spring 2 160 Spring -98.5 -13.16
W Pine Spring 2 157 Spring -99.0 -13.37
W Upper Conner Spring 2 156 Spring -101.2 -13.87
E Kiln Spring 1 418 Spring -91.9 -12.34
E Summit Spring (Mahogany Mts.) 1 419 Spring -92.1 -12.04
Warm Bennett Spring 20 1 141 Spring -103.0 -13.70 -101.0 -13.43 Inter-basin flow from Patterson Valley
Warm Caliente Hot Springs (Hotel) 0 8 129 Spring -107.9 -14.44 -105.7 -14.12 Inter-basin flow from Lake Valley
Warm Panaca Spring 7700 13 144  Spring -106.9 -14.14 -105.7 -14.12 Inter-basin flow from Lake Valley
Surface Meadow Valley Wash, Cal. 1 130 Surface -97.0 -13.10
Warm Lester Mathews Well 1 142 Well -103.0 -13.30
Warm Panaca Town Well 1 143 Well -106.0 -14.00
Warm North Lee Well 1 147 Well -101.0 -13.30
ET ET 18,900 -99.3 -13.24
205 GW Outflow (LMVW) 9,200 -99.3 -13.24
205 SW Outflow (LMVW) 0 -97.0 -13.10

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

205 Lower Meadow Valley Wash

203 Inflow (Panaca) 9,200 -99.3 -13.24
204 Inflow (Clover) 9,500 -92.1 -12.46
203 SW Inflow (Panaca) 0 -97.0 -13.10
204 SW Inflow (Clover) 0 -92.1 -12.46
205 NW Delamar Mtns. 3,077 -92.23 -12.28 92
205 NE Clover Mountains 7,290 -90.4 -12.25 93
205 SW Meadow Valley Mtns. 1,146 -87.4 -11.92 94
205 SE Mormon Mtns. 895 -88.3 -12.50 95
TR Total Recharge 12,400 -90.4 -12.24
NE Big Spring (Clover) 2 253 Spring -93.6 -12.89
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

NE East Settling Spring 1 248 Spring -92.2 -12.76
NE Ella Spring 1 251 Spring -95.8 -12.56
NE Garden Spring 1 246 Spring -87.0 -11.54
NE Kershaw-Ryan Spring #1 1 250 Spring -95.1 -13.11
NE Sheep Spring (Clover) 2 108 Spring -88.8 -12.03
NE Unnamed Spring 1 113 Spring -86.5 -11.60
NE Unnamed Spring (Clover) 1 249 Spring -88.0 -12.20
NE Garden Spring 1 246 Spring -87.0 -11.54
NW Abandoned Spring 1 266 Spring -94.5 -12.32
NW Grassy Spring 3 117 Spring -88.7 -11.08 Evaporated so not used in recharge calculation
NW Buckboard Spring 1 264 Spring -88.2 -11.71
NW Cottonwood Spring (Delamar) 1 265 Spring -96.9 -12.87
NW Bishop Spring 3 107 Spring -87.2 -11.72
NW Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
NW Lower Chokecherry Spring 1 261 Spring -98.4 -12.98
NW Lower Indian Spring 1 267 Spring -96.0 -12.62
NW Narrow Canyon Spring 1 257 Spring -92.5 -12.47
NW Oak Spring 1 269 Spring -90.0 -11.87
NW Red Rock Spring 1 256 Spring -95.0 -12.30
NW Willow Spring (KSV-1) 4 92 Spring -88.4 -11.60
NW Sawmill Spring  (Delamar Range) 1 259 Spring -88.7 -12.58
NW Sawmill Spring West 1 258 Spring -91.8 -12.86
NW Unnamed Chokecherry Spring 1 263 Spring -98.1 -12.54
NW Upper Chokecherry Spring 1 262 Spring -98.9 -12.96
NW Willow Spring 2 (So.of Oak Sps.summit) 1 260 Spring -91.2 -11.69
NW Upper Indian Spring 1 268 Spring -88.0 -11.46
NW Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
SW Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
SE Davies Spring 1 90 Spring -89.0 -12.50
SE Horse Spring (Morman) 1 85 Spring -89.0 -12.70
SE Hackberry Spring 1 84 Spring -87.0 -12.30
Warm Kershaw-Ryan Spring #1 1 250 Spring -95.1 -13.11 -95.7 -12.84 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
Warm EH-6 Weiser Wash 1 59 Well -99.5 -13.90
Warm EH-8 Weiser Wash 1 57 Well -96.5 -13.70
Alluvial Well Railroad Well (Farrier, NV) 1 80 Well -97.5 -12.50
ET ET 21,900 -93.6 -12.60
206 GW Outflow (Upper Moapa) 4,000 -93.6 -12.60
218 GW Outflow (California Wash) 5,200 -93.6 -12.60
218 GW Outflow (Lower Moapa) 0 -93.6 -12.60
218 SW Outflow (California Wash) 0 -93.6 -12.60

XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

175 Long Valley

0 Inflow (None) 0 0.0 0.00
175 SE Butte Mtn. (S) 2,673 -119.6 -15.53 35
175 SW Alligator Rdg. 3,664 -122.4 -15.96 36
175 NW Maverick Springs 11,435 -123.9 -16.23 37
175 NE Butte Mtn. (N) 3,224 -119.2 -15.36 164
TR Total Recharge 21,000 -122.4 -15.96
SE Butte Spring 1 327  Spring -120.4 -15.79
SE Cabin Spring 1 328  Spring -124.4 -15.89
SE Robbers Roost #2 Spring (Butte) 1 340  Spring -112.0 -14.39
SE Deer Spring (Butte) 1 332 Spring -114.1 -14.74
SE Summit Spring 1 348  Spring -120.8 -15.94
SE Thirty Mile Spring 1 242 Spring -126.0 -16.40
NW Mud Spring (Buck Mts) 1 339  Spring -117.6 -15.21
NW Ram. Res. Wtr Supply Well 1 244 Well -129.5 -16.75
NW Unnamed Near Little Willow Spring 1 351  Spring -125.9 -17.04
NW Well at Alligator Ridge 1 243 Well -127.0 -16.60
NW Woodchuck Spring 1 356  Spring -119.6 -15.55
NE White Rock Spring (Butte) 1 355  Spring -119.2 -15.36
ET ET 1,200 -122.4 -15.96
154 GW Outflow (Newark) 0 -122.4 -15.96
174 GW Outflow (Jakes) 19,800 -122.4 -15.96

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

174 Jakes Valley

175 Inflow (Long) 19,800 -122.4 -15.96
174 E Egan Range 2,909 -118.4 -15.31 33
174 W North White Pine 10,076 -120.3 -15.83 34
TR Total Recharge 13,000 -119.9 -15.71
NW Tunnel Spring 1 366  Spring -118.3 -15.02
W Aspen Springs North 1 349  Spring -119.3 -15.84
W Aspen Springs South 1 324  Spring -120.9 -16.02
W Chicken Spring 1 330  Spring -122.0 -16.17
W Circle Wash Spring 1 331  Spring -114.5 -15.30
W Sage Hen Spring 1 342  Spring -112.4 -14.76
W Sand Spring 1 239 Spring -123.0 -16.20
W Shellback Spring 1 344  Spring -123.6 -16.54
W Unnamed Hayden Canyon Spring 1 350  Spring -120.9 -15.69
W Unnamed Shellback Ridge Spring 1 352  Spring -123.6 -16.18
W Wild Horse Spring (White Pine) 1 240 Spring -129.0 -16.80
W Unnamed Stone Cabin Spring 2 354  Spring -116.2 -15.39
W/E Indian Spring (Butte) 1 334  Spring -119.1 -15.31
W/E Sammy Spring 1 343  Spring -117.6 -15.30
W Upper Illipah Crk 2 238 Surface -123.5 -16.10 Surface Water not included in recharge average
ET ET 900 -119.9 -15.71
207N GW Outflow (NWRV) 31,900 -121.4 -15.86

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

180 Cave Valley

0 Inflow (None) 0 0.0 0.00
180 E S. Schell Cr. Rng 7,438 -105.0 -14.28 43,44

SNWA/BARCASS (SNWA, 2007; Welch and Bright, 2007)
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

180 W S. Egan Rng 7,944 -107.8 -14.28 45,46
TR Total Recharge 15,400 -106.5 -14.28
E North Creek Spring 1 214 Spring -105.0 -14.60
E Patterson Pass Spring WR3 15 305  Spring -108.4 -14.95
E Unnamed Spring in Schell Creek Range 4 304 Spring -107.3 -14.48
E Sheep Spring (Schell Ck) 1 212 Spring -99.5 -13.70
E Robbers Roost Spring (Schell Ck) 1 389 Spring -109.7 -14.75
E Sidehill Spring 1,600 2 200 Spring -100.4 -13.21
W Big Spring (Egan) 4 206 Spring -105.5 -13.90
W Chimney Rock Spring 2 219 Spring -110.5 -14.52
W Granite Spring 1 440 Spring -103.4 -13.32
W Haggerty Spring 1 387 Spring -109.6 -14.78
W Hole in the Bank Spring 1 386 Spring -114.9 -15.37
W Silver Spring 2 385 Spring -111.4 -14.71
W Shingle Spring 2 203 Spring -103.7 -13.33
W Perry Sp Barcass 37 1 408 Spring -107.7 -15.04
W Trough Spring 1 413 Spring -103.6 -13.56
ET ET 1,600 -106.5 -14.28
 Well 180W902 1 601 Deep Well -104.7 -14.12
 Well 180W501 1 600 Deep Well -105.6 -14.12
208 GW Outflow (Pahroc) 9,800 -106.5 -14.28
207S GW Outflow (SWRV) 4,000 -106.5 -14.28

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207N North White River Valley

174 Inflow (Jakes) 31,900 -121.4 -15.86
207 NE Egan Rng North 16,554 -112.3 -15.15 38
207 NW White Pine Rng. 12,030 -115.0 -15.18 39, 40
TR Total Recharge 28,600 -113.5 -15.16
NE on Creek Spring (Unnamed Spring in Gubler Canyon) 1 235 Spring -111.0 -14.90
NE Hole in the Bank Spring 1 386 Spring -114.9 -15.37
NE Lone Pine Spring 3 223 Spring -110.2 -14.90
NE High Springs 1 433 Spring -113.4 -15.43
NE Lion Spring (Egan Range) 1 430 Spring -114.8 -15.34
NE Mud Spring 1 446 Spring -111.0 -14.53
NE Pine Springs (Egan Range) 1 434 Spring -116.0 -15.71
NE Unnamed Spring #1(Egan) 1 435 Spring -112.2 -15.14
NE Unnamed Spring #2 (Egan Range) 1 436 Spring -110.0 -15.14
NE Unnamed Spring #3 (Egan Range) 1 437 Spring -110.2 -15.07
NE Unnamed Spring #4 (Egan Range) 1 438 Spring -114.0 -15.37
NE Unnamed Spring #5 (Egan Range) 1 445 Spring -109.6 -14.72
NE North Spring 2 237 Spring -112.4 -15.11
NE Second Sawmill Spring 1 222 Spring -110.0 -14.70
NE South Spring (Egan) 2 236 Spring -111.5 -15.12
NE Upper Terrace Spring WR2 14 270 Spring -114.0 -15.42
NE Water Canyon Spring 1 358 Spring -114.4 -15.60
NE Lund Spring 1 221 Spring -113.0 -15.40 Local Valley spring not included in recharge calculation
NE Water Canyon 2 233 Surface -116.0 -15.25 Surface Water not included in recharge average
NW Big Tom Plain Spring 1 326  Spring -121.1 -15.92
NW Deer Spring (White Pine) 2 322  Spring -119.3 -15.87
NW Unnamed Spring #1 (White Pine) 1 359  Spring -114.8 -15.36
NW Unnamed Spring #2 (White Pine) 1 360  Spring -114.9 -15.66
NW Unnamed Spring #3 (White Pine) 1 361  Spring -113.1 -14.96
NW Unnamed Spring #4 (White Pine) 1 362  Spring -116.3 -15.01
NW Unnamed Spring #5 (White Pine) 3 363  Spring -116.0 -15.36
NW Unnamed Spring #6 (White Pine) 1 364  Spring -115.1 -14.98
NW Halfway Spring (RS) 2 429 Spring -108.7 -13.52
NW Easter Spring 1 365  Spring -119.4 -15.56
NW Little Tom Plain Spring 2 337  Spring -121.0 -15.86
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

NW Monitoring Spring WR1 14 320 Spring -113.7 -15.58
NW Saddle Spring (White Pine) 3 357 Spring -116.8 -15.45
NW Secret Spring 1 220 Spring -110.0 -14.00
NW Unnamed Spring below Currant Mtn 1 226 Spring -107.0 -14.00
NW Stove Spring 1 347  Spring -114.5 -15.71
NW med Spring in dry creek bed (White Pine Range) 1 321 Spring -113.6 -15.31
NW Snowmelt Below Duckwater Peak 5,700 1 224 Surface -105.0 -14.10 Surface Water not included in recharge average
NW Little Currant Creek 1 217 Surface -113.0 -15.00 Surface Water not included in recharge average
Warm Cold Spring, Preston 1,000 2 230 Spring -123.5 -15.80
Warm Nicholas Spring 2,000 1 227 Spring -124.0 -16.10
Warm Preston Big Spring 5,900 11 231  Spring -122.0 -15.88
Warm Discharge Warm Sprs (Avg) 8,900 14 -122.6 -15.92 -121.4 -15.86 Inter-basin flow from Jakes Valley
ET ET 29,500 -113.7 -15.19
207S GW Outflow (SWRV) 31,000 -121.4 -15.86

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207S South White River Valley WRV Tot Recharge
42,900

207N Inflow (N White River) 31,000 -121.4 -15.86
180 Inflow (Cave) 4,000 -106.5 -14.28
207 SE Egan Rng South 7,844 -106.9 -14.15 41
207 SW Grant Rng 6,467 -106.5 -14.23 42
TR Total Recharge 14,300 -106.7 -14.18
E Chimney Rock Spring 2 219 Spring -110.5 -14.52
E Granite Spring 1 440 Spring -103.4 -13.32
E Haggerty Spring 1 387 Spring -109.6 -14.78
E Silver Spring 2 385 Spring -111.4 -14.71
E Big Spring (Egan) 4 206 Spring -105.5 -13.90
E Shingle Spring 2 203 Spring -103.7 -13.33
E Perry Sp Barcass 37 1 408 Spring -107.7 -15.04
E Trough Spring 1 413 Spring -103.6 -13.56
E Butterfield Spring 4,000 1 202 Spring -105.0 -14.20 local Valley spring not included in recharge calculation
E Emigrant Spring 1,900 2 207 Spring -107.8 -14.50 local Valley spring not included in recharge calculation
E Flag Spring #3 1 201 Spring -105.0 -14.30 local Valley spring not included in recharge calculation
SW Albert Spring 1 204 Spring -107.0 -13.95
SW Big Spring (Grant) 1 194 Spring -112.0 -15.20
SW Brady Spring 2 282 Spring -109.5 -15.38
SW Forest Home Spring (Unnamed Spring) 1 195 Spring -108.5 -14.50
SW Horse Spring (Grant) 1 370  Spring -99.5 -12.86
SW Teaspoon Spring 1 371  Spring -100.0 -13.26
SW Wiregrass Spring (Grant) 1 372  Spring -101.4 -13.29
SW Murphy Spring 1 373  Spring -114.5 -15.40
SW Little Spring (Grant Range) 1 369  Spring -99.4 -12.48 Evaporated so not used in recharge calculation
Warm Hot Creek Campground Well 0 1 198 Well -118.0 -15.30
Warm Hot Creek Springs 10,000 10 197  Spring -118.9 -15.69
Warm Moon River Spring 2,800 1 192 Spring -120.0 -15.80
Warm Moorman Spring 400 1 205 Spring -119.0 -15.70
Warm Discharge Warm Sprs (Avg) 13,200 13 -119.2 -15.71 -121.4 -15.86 Inter-basin flow from Northern White River Valley
ET ET 47,200 -115.8 -15.23
208 GW Outflow (Pahroc) 2,100 -119.7 -15.68

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXXX

172 Garden Valley

0 Inflow (None) 0 0.0 0.00
172 SW Quinn Canyon Range 15,621 -104.6 -14.08 171
172 NW Grant Range 7,993 -106.5 -14.27 170
172 NE Golden Gate Rng 1,063 -98.0 -13.30 55
172 SE Worthington Mountains 1,030 -98.0 -13.30 56
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

TR Total Recharge 25,700 -104.7 -14.08
SW Unnamed Spring #7 (Quinn) 1 367  Spring -105.9 -14.23
SW Unnamed Spring #8 (Quinn) 1 368  Spring -104.4 -14.18
SW Adaven Spring 2 177 Spring -105.3 -14.01
SW Lower Little Cherry Cr Spring 1 182 Spring -103.0 -13.90
SW Carpenter Spring 1 171 Spring -95.0 -11.85 Evaporated so not used in recharge calculation
NW Big Spring (Grant) 1 194 Spring -112.0 -15.20
NW Brady Spring 2 282 Spring -109.5 -15.38
NW Forest Home Spring (Unnamed Spring) 1 195 Spring -108.5 -14.50
NW Horse Spring (Grant) 1 370  Spring -99.5 -12.86
NW Teaspoon Spring 1 371  Spring -100.0 -13.26
NW Wiregrass Spring (Grant) 1 372  Spring -101.4 -13.29
NW Murphy Spring 1 373  Spring -114.5 -15.40
NW Little Spring (Grant Range) 1 369  Spring -99.4 -12.48 Evaporated so not used in recharge calculation
SE The Seeps (Spring) 1 136 Spring -98.0 -13.30
ET ET 1,700 -104.7 -14.08
171 GW Outflow (Coal) 24,000 -104.7 -14.08

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

171 Coal Valley

172 Inflow (Garden) 24,000 -104.7 -14.08
172 Inflow (SWRV) 0 -119.7 -15.68
171 E Seaman Rng 1,282 -99.0 -13.13 75
171 W Golden Gate Rng 2,882 -98.2 -12.87 76
TR Total Recharge 4,200 -98.4 -12.95
W Cold Spring 1 288 Spring -98.9 -12.98
W Henry Spring 1 287 Spring -97.4 -12.77
W Little Cut Spring 2 286  Spring -98.3 -12.85
E Seaman Spring 1 306 Spring -99.0 -13.13
Carb Well USGS-MX C.V. Well (CV-DT-1) 2 176 Well -109.0 -14.56 -104.7 -14.08 Underflow from Garden Valley
ET ET 0 -98.4 -12.95
208 GW Outflow (Pahroc) 28,200 -103.7 -13.91

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

208 Pahroc Valley

180 Inflow (Cave) 9,800 -106.5 -14.28
207S Inflow (S. White River) 2,100 -119.7 -15.68
171 Inflow (Coal) 28,200 -103.7 -13.91
208 E N. Pahroc Rng. 2,596 -94.2 -12.42 73
208 W Seaman Rng. 2,286 -99.0 -13.13 74
TR Total Recharge 4,900 -96.4 -12.75
E Black Rock Spring 2 158 Spring -93.8 -12.31
E Coyote Spring 2 169 Spring -95.1 -12.53
E Hamilton Spring 1 298 Spring -93.1 -11.76
E Little Boulder Spring 1 301 Spring -97.2 -13.06
E Mustang Spring 2 135 Spring -90.5 -12.49
E Pahroc Spring 3 131  Spring -92.2 -12.65
E Rattlesnake Spring 1 302 Spring -97.3 -12.65
E Unnamed Spring--nr Blackrock 1 299 Spring -94.3 -11.90
W Seaman Spring 1 306 Spring -99.0 -13.13
Evaporated White Rock Spring (Seaman Range) 1 154 Spring -90.0 -12.10 Evaporated not used in recharge calculation
ET ET 0 -96.4 -12.75
181 GW Outflow (Dry Lake) 2,000 -106.5 -14.28
209 GW Outflow (Pahranagat) 43,000 -104.3 -13.95

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

209 Pahranagat Valley

208 Inflow (Pahroc) 43,000 -104.3 -13.95
181 Inflow (Dry Lake) 0 -99.0 -13.12
209 Inflow (Delamar) 0 -97.3 -12.93
209 E S. Pahroc Rng. 2,377 -94.9 -12.83 77, 78
209 W Mt. Irish/Pahranagat Rng. 3,545 -98.4 -14.24 79, 80 (172, 173)
TR Total Recharge 5,900 -97.0 -13.67
E Eightmile Spring 2 295 Spring -95.6 -13.09
E Gulch Spring(Unnamed Spring in Hells Acres Gulch) 1 109 Spring -93.0 -12.30
E Sixmile Spring 1 112 Spring -93.4 -13.06
E Twin Spring 1 294 Spring -97.4 -13.24
E named Spring in Road(South Pahroc Range) 1 303 Spring -96.7 -13.07
E Unnamed Spring nr Six Mile seep 1 296 Spring -94.5 -12.62
E Water Tank 0.4mi West of Sixmile 1 297 Spring -93.8 -12.44
S Maynard Lake Spring (Unnamed Spring) 1 94 Spring -94.0 -12.30 Local Valley spring not included in recharge calculation
W Reed Spring 1 289 Spring -98.4 -14.24
Warm Ash Springs 12400 6 110 Spring -109.1 -14.11
Warm Little Ash Spring (Ash Spring) 500 1 111 Spring -107.2 -14.20
Warm Crystal Springs 8,200 17 116  Spring -108.8 -14.41
Warm Hiko Spring 4,300 7 122 Spring -108.7 -14.39
Warm Discharge Warm Springs (Avg) 25,400 31 -108.9 -14.26 -104.3 -13.95 Inter-basin flow from Pahroc Valley
ET ET 28,500 -102.8 -13.89
Well 209M-1 1 608 Deep Well -104.7 -13.53 -104.3 -13.95 Inter-basin flow from Pahroc Valley
210 GW Outflow (Coyote Spr) 20,400 -104.3 -13.95

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

181 Dry Lake Valley

208 Inflow (Pahroc) 2,000 -106.5 -14.28
181 NW S. Schell Ck Range 1,307 -100.4 -13.21 59
181 SW N. Pahroc Rng. 2,081 -94.2 -12.42 57
181 NE Fairview Rng. 3,709 -99.5 -12.89 58
181 E Bristol/Highland Rng. 7,895 -98.9 -13.28 61
181 SE Chief Rng. 1,696 -94.6 -12.36 62
TR Total Recharge 16,700 -98.1 -12.98
E Deadman Spring (Highland) 2 162 Spring -95.0 -12.07
E Highland Spring 3 163  Spring -99.1 -13.36
E Lime Spring 2 160 Spring -98.5 -13.16
E Pine Spring 2 157 Spring -99.0 -13.37
E Connor Spring 1 283 Spring -100.6 -13.84
E Upper Conner Spring 2 156 Spring -101.2 -13.87
SE Red Rock Spring 1 256 Spring -95.0 -12.30
SE Abandoned Spring 1 266 Spring -94.5 -12.32
SE Buckboard Spring 1 264 Spring -88.2 -11.71
SE Cottonwood Spring (Delamar) 1 265 Spring -96.9 -12.87
SE Lower Chokecherry Spring 1 261 Spring -98.4 -12.98
SE Oak Spring 1 269 Spring -90.0 -11.87
SE Unnamed Chokecherry Spring 1 263 Spring -98.1 -12.54
SE Upper Chokecherry Spring 1 262 Spring -98.9 -12.96
SE Willow Spring 2 (So.of Oak Sps.summit) 1 260 Spring -91.2 -11.69
NE Bailey Spring (Fairview) 2 277 Spring -98.2 -12.69
NE Cottonwood Spring (Fairview) 1 274 Spring -102.2 -13.40
NE Littlefield Spring 1 275 Spring -98.5 -12.73
NE Lower Pony Spring 2 190 Spring -101.0 -13.25
NE Meloy Spring 1 276 Spring -99.8 -12.75
NE Scotty Spring 1 272 Spring -98.9 -12.73
NE Indian Spring near Steward Ranch 1 188 Spring -102.0 -13.60
NE Unnamed Spring near Pony Spring 1 191 Spring -99.0 -12.90
NE Fence Spring 1 278 Spring -97.4 -12.55
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

NE Fox Cabin 1 273 Spring -103.5 -13.59
NE Lower Fairview 1 281 Spring -97.5 -12.39
NE Robison Spring 1 279 Spring -97.9 -12.34
NE Upper Fairview 1 280 Spring -97.7 -12.66
SW Black Rock Spring 2 158 Spring -93.8 -12.31
SW Coyote Spring 2 169 Spring -95.1 -12.53
SW Hamilton Spring 1 298 Spring -93.1 -11.76
SW Little Boulder Spring 1 301 Spring -97.2 -13.06
SW Mustang Spring 2 135 Spring -90.5 -12.49
SW Pahroc Spring 3 131  Spring -92.2 -12.65
SW Rattlesnake Spring 1 302 Spring -97.3 -12.65
SW Unnamed Spring--nr Blackrock 1 299 Spring -94.3 -11.90
NW Sidehill Spring 1,600 2 200 Spring -100.4 -13.21
Evaporated Grassy Spring 3 117 Spring -88.7 -11.08 Evaporated so not used in recharge calculation
Evaporated Wildhorse Spring (Fairview) 1 183 Spring -92.5 -11.70 Evaporated so not used in recharge calculation
Carb Well Fugro Dry Lake V Deep Well 2 179 Well -107.5 -14.16 -106.5 -14.28 Inter-basin flow from Cave Valley
Carb Well 181M1 1 603 Deep Well -105.0 -13.67 -106.5 -14.28 Inter-basin flow from Cave Valley
Carb Well 181W909M 1 604 Deep Well -104.6 -13.50 -106.5 -14.28 Inter-basin flow from Cave Valley
ET ET 0 -98.1 -12.98
209 GW Outflow (Pahranagat) 0 -99.0 -13.12
182 GW Outflow (Delamar) 18,700 -99.0 -13.12

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

182 Delamar Valley

181 Inflow (Dry Lake) 18,700 -99.0 -13.12
182 E Delamar Mtns. 5,755 -92.5 -12.32 81
182 W S. Pahroc Rng. 1,073 -94.6 -12.81 82
TR Total Recharge 6,800 -92.8 -12.39
E Abandoned Spring 1 266 Spring -94.5 -12.32
E Red Rock Spring 1 256 Spring -95.0 -12.30
E Oak Spring 1 269 Spring -90.0 -11.87
E Upper Chokecherry Spring 1 262 Spring -98.9 -12.96
E Upper Indian Spring 1 268 Spring -88.0 -11.46
E Lower Indian Spring 1 267 Spring -96.0 -12.62
E Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
E Narrow Canyon Spring 1 257 Spring -92.5 -12.47
E Bishop Spring 3 107 Spring -87.2 -11.72
E Buckboard Spring 1 264 Spring -88.2 -11.71
E Cottonwood Spring (Delamar) 1 265 Spring -96.9 -12.87
E Lower Chokecherry Spring 1 261 Spring -98.4 -12.98
E Sawmill Spring (Delamar Range) 1 259 Spring -88.7 -12.58
E Sawmill Spring West 1 258 Spring -91.8 -12.86
E Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
E Unnamed Chokecherry Spring 1 263 Spring -98.1 -12.54
E Willow Spring 2 (So.of Oak Sps.summit) 1 260 Spring -91.2 -11.69
W Pahroc Spring 3 131  Spring -92.2 -12.65
W Gulch Spring(Unnamed Spring in Hells Acres Gulch) 1 109 Spring -93.0 -12.30
W Eightmile Spring 2 295 Spring -95.6 -13.09
W Sixmile Spring 1 112 Spring -93.4 -13.06
W Twin Spring 1 294 Spring -97.4 -13.24
W named Spring in Road(South Pahroc Range) 1 303 Spring -96.7 -13.07
W Unnamed Spring nr Six Mile seep 1 296 Spring -94.5 -12.62
W Water Tank 0.4mi West of Sixmile 1 297 Spring -93.8 -12.44
Evaporated Grassy Spring 3 117 Spring -88.7 -11.08 Evaporated so not used in recharge calculation
ET ET 0 -92.8 -12.39
Well 182W906M 1 607 Deep Well -100.3 -13.33 -99.0 -13.12 Inter-basin flow from Dry Lake Valley
209 GW Outflow (Pahranagat) 0 -97.3 -12.93
210 GW Outflow (Coyote Spr) 25,500 -97.3 -12.93
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XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

206 Kane Springs Valley

0 Inflow (None) 0 0.0 0.00
206 W Delamar Mtns. 4,149 -89.0 -12.22 90
206 E Meadow Valley Mtns. 305 -87.4 -11.92 91
TR Total Recharge 4,500 -88.9 -12.20
E Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
W Sawmill Spring (Delamar Range) 1 259 Spring -88.7 -12.58
W Sawmill Spring West 1 258 Spring -91.8 -12.86
W Bishop Spring 3 107 Spring -87.2 -11.72
W Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
W Kane Springs (KSV-3) 3 97 Spring -86.8 -12.13
W Narrow Canyon Spring 1 257 Spring -92.5 -12.47
W Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
W Willow Spring (KSV-1) 4 92 Spring -88.4 -11.60
ET ET 0 -88.9 -12.20
210 GW Outflow (Coyote Spr) 4,500 -88.9 -12.20

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

210 Coyote Springs Valley

209 Inflow (Pahranagat) 20,400 -104.3 -13.95
182 Inflow (Delamar) 25,500 -97.3 -12.93
206 Inflow (Kane Springs) 4,500 -88.9 -12.20
210 NE S. Delamar Mtns. 1,059 -89.0 -12.22 83
210 E S. Meadow Valley Mtns. 16 -87.4 -11.92 84
210 NW S. of Maynard Lake 0 -94.0 -12.30 87
210 SE Arrow Canyon Rng. 15 -81.0 -10.60 88
210 W Sheep Range 1,202 -92.7 -12.83 89
TR Total Recharge 2,300 -90.8 -12.53
W Cow Camp Spring 4 47  Spring -91.9 -12.53
W Lamb Spring 1 86 Spring -92.5 -13.15
W Mormon Well Spring 3 53 Spring -91.8 -12.67
W Rye Patch Spring 1 341  Spring -89.3 -12.31
W Sawmill Spring (Sheep) 1 58 Spring -92.0 -12.85
W Sheep Spring (Sheep Range) 1 83 Spring -96.0 -13.35
W Wiregrass Spring (Sheep) 13 49 Spring -95.1 -12.93
W White Rock Spring (Sheep) 2 64  Spring -85.5 -10.17 Evaporated not used in recharge calculation
NW Maynard Lake Spring (Unnamed Spring) 1 94 Spring -94.0 -12.30
SE Wamp Spring 1 52 Spring -81.0 -10.60
E Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
NE Bishop Spring 3 107 Spring -87.2 -11.72
NE Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
NE Kane Springs (KSV-3) 3 97 Spring -86.8 -12.13
NE Narrow Canyon Spring 1 257 Spring -92.5 -12.47
NE Sawmill Spring  (Delamar Range) 1 259 Spring -88.7 -12.58
NE Sawmill Spring West 1 258 Spring -91.8 -12.86
NE Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
NE Willow Spring (KSV-1) 4 92 Spring -88.4 -11.60
Carb Well CSVM-2 1 612 Well -97.7 -13.14
Carb Well CSVM-3 1 613 Well -98.0 -13.10
Carb Well CSVM-4 1 614 Well -102.5 -13.41
Carb Well CSVM-6 1 616 Well -100.7 -12.97
Carb Well CSI-1 1 609 Well -102.6 -13.08
Carb Well CSI-2 1 610 Well -100.2 -12.90
Carb Well CSI-3 1 611 Well -99.6 -13.03
Carb Well USGS CSV-1 1 71 Well -103.0 -13.55
Carb Well CE-VF-2 Well 2 81 Well -101.0 -13.10
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Carb Well Fugro CV Deep Well CE-DT-5 3 77 Well -99.6 -12.96
Carb Well CE-DT-4 1 78 Well -102.5 -13.00
ET ET 0 -90.8 -12.53
CARB Carbonate Well (Avg) 6 -100.7 -13.11 -99.4 -13.28 Flow weighted average of inter-basin flow from Pahranagat, Kane Springs, and Delamar Valleys
219 GW Outflow (Muddy) 37,700 -99.0 -13.24
217 GW Outflow (Hidden) 15,000 -99.0 -13.24

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

219 Upper Moapa (Muddy) Valley

205 Inflow (LMVW) 4,000 -96.3 -12.92
210 Inflow (Coyote) 37,700 -99.0 -13.24
219 S E. Arrow Canyon? 3 -87.4 -11.92 85
219 N Wildcat Wash 40 -87.4 -11.92 86
TR Total Recharge 0 -87.4 -11.92
N/S Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
Warm APCAR 0 1 292 Spring -98.2 -12.94
Warm Baldwin Spring 2226 9 291 Spring -97.6 -12.97
Warm Big Muddy Spring 5500 6 69 Spring -97.9 -12.89
Warm Iverson's Spring 0 1 65 Spring -97.0 --
Warm Jones Spring Pumphouse 0 6 292  Spring -97.9 -13.05
Warm M-8 Spring (Unnamed Spring) 0 1 68 Spring -99.0 -12.75
Warm M-9 Spring (Unnamed Spring) 200 1 70 Spring -96.5 -12.45
Warm Pederson's East 0 9 290 Spring -97.8 -12.98
Warm Pederson's Warm Spring (M-13) 400 15 67  Spring -97.5 -12.93
Warm Dicharge Warm Sprs (Avg) 8,300 49 -97.8 -12.90 -98.8 -13.21 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
Carb Well CE-DT-6 Well 2 72 Well -98.0 -13.03
Carb Well CSV-2 Well 2 76 Well -97.9 -12.92
CARB Deep Carbonate Well (Avg) Input into M 4 -97.9 -12.97 -98.8 -13.21 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
ET ET 6,000 -98.8 -13.21
Gage Moapa Gage 34,000
218 SW Outflow (California) 34,000
218 GW Outflow (California) 1,700 -98.8 -13.21

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

217 Hidden Valley

210 Inflow (Coyote) 15,000 -99.0 -13.24
217 E E. Hidden 0 -81.0 -10.60 99
217 W W. Hidden 47 -81.0 -10.60 100
TR Total Recharge 0 -81.0 -10.60
W Wamp Spring 1 52 Spring -81.0 -10.60
ET ET 0 -81.0 -10.60
216 GW Outflow (Garnet ) 15,000 -99.0 -13.24

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

216 Garnet Valley

217 Inflow (Hidden) 15,000 -99.0 -13.24
216 E Apex 0 -81.0 -10.60 104
216 W Las Vegas Range 106 -81.0 -10.60 105
TR Total Recharge 100 -81.0 -10.60
W Wamp Spring 1 52 Spring -81.0 -10.60

Dry Lake Valley Well 1 34 Well -97.5 -13.30
Carb Well GP Apex Well 3 17 Well -97.2 -13.53
Carb Well Unnamed Well (Near Dry Lake Range) 1 24 Well -96.0 -13.70
Carb Well US Lime Well (Genstar) 1 27 Well -97.0 -12.75
CARB Wells (Avg) 6 -96.9 -13.32 -99.0 -13.24 Inter-basin flow from Hidden Valley
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ET ET 0 -81.0 -10.60
218 GW Outflow (California) 15,100 -98.9 -13.23

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

218 California Wash

219 SW Inflow (Muddy) 34,000
205 SW Inflow (LMVW) 0
219 Inflow (Muddy) 1,700 -98.8 -13.21
205  Inflow (Lower Meadow VW) 5,200 -96.3 -12.92
216 Inflow (Garnet) 15,100 -98.9 -13.23
218 E Moapa Paiutes 0 -82.0 -10.60 110
218 W Muddy Mtns. 0 -82.0 -10.60 111
TR Total Recharge 0 -82.0 -10.6
W Valley of Fire Well 1 31 Well -82.0 -10.60
Carb Well Calpine Test Well 1a 1 43 Well -99.0 -13.50
Carb Well Moapa Well 1 41 Well -99.0 -13.40
ET ET 4,500 -82.0 -10.60
CARB Carbonate Well (Avg) -99.0 -13.45 -98.3 -13.15 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
220 GW Outflow (Lower Moapa) 18,800 -98.3 -13.15
215 GW Outflow (Black Mtn Area) 2,000 -98.3 -13.15
220 SW Outflow (Lower Moapa) 30,700

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

215 Black Mountains Area

218 Inflow (California Wash) 2,000 -98.3 -13.15
215 NE Muddy Mtns. 0 -85.0 -10.95 113
215 SE Black Mtns. 0 -79.5 -10.65 114
215 W Gypsum Wash 0 -79.5 -10.65 112, 166
TR Total Recharge 0 -81.3 -10.75
SE Cottonwood Spring (Black Mtns.) 0 1 8 Spring -80.0 -10.80
SE Sandstone Spring 0 1 10 Spring -79.0 -10.50
NE Unnamed, Kaolin Wash 1 35 Spring -88.0 -11.30
NE Valley of Fire Well 1 31 Well -82.0 -10.60
Alluvial Sprin Bitter Spring 5 1 14 Spring -77.0 -9.90
Carb Spr Blue Point Spring 440 5 26 Spring -92.6 -12.40
Carb Spr Corral Spring (Unnamed Spring) 0 1 19 Spring -91.5 -12.10
Carb Spr Rogers Spring 1,200 3 21 Spring -91.7 -12.33
Carb Spr Scirpus Spring (No spring on Map) 0 1 20 Spring -90.0 -12.00
Carb Spr VF Spring 1 0 1 28 Spring -88.0 -11.20
Carb Spr VF Spring 2 6 1 29 Spring -92.0 -11.80
Carb Spr VF Spring 3 17 1 30 Spring -93.0 -12.20
ET ET 1,400 -81.3 -10.75
CARB Carbonate Spr (Avg) 1,700 13 -91.3 -12.01 -98.3 -13.15 Weighted Average of Inflow from Califronia Wash 
999 GW Outflow (Colorado River) 600 -98.3 -13.15

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

220 Lower Moapa Valley

218 GW Inflow (California Wash) 18,800 -98.3 -13.15
218 SW Inflow (California Wash ) 30,700
220 S Valley of Fire 0 -88.0 -11.30 101
220 N S. Mormon Mtns. 37 -88.3 -12.50 102
TR Total Recharge 0 -88.3 -12.50
N Davies Spring 1 90 Spring -89.0 -12.50
N Hackberry Spring 1 84 Spring -87.0 -12.30
N Horse Spring (Morman) 1 85 Spring -89.0 -12.70

SE ROA 46746

JA_14115



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

S Unnamed, Kaolin Wash 1 35 Spring -88.0 -11.30
Carb Well EH-7 1 56 Well -91.0 -12.45
Carb Well EH-3 Weiser Wash 1 61 Well -91.0 -12.70
CARB Carbonate Well (Avg) 2 -91.0 -12.58 -96.3 -12.92 Inter-basin flow from Lower Meadow Valley Wash
ET ET 25,300 -88.3 -12.50
999 GW Outflow (Colorado River) 17,200 -98.3 -13.15
999 SW Outflow (Colorado River) 7,000

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

Colorado R Lake Mead (Colorado River)

210 GW Inflow (Black Mountains Area) 600 -98.3 -13.15
205 GW Inflow (Lower Moapa) 17,200 -98.3 -13.15
999 Groundwater Total 17,800 -98.3 -13.15

205 SW Inflow (Lower Moapa) 7,000
999 Surfacewater Total 7,000

999 Inflow Total 24,800

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

183 Lake Valley

0 Inflow (None) 0 0.0 0.00
183 NE Fortification Rng 1,499 -106.3 -14.16 49
183 NW Cen. Schell Cr. Rng 4,759 -108.1 -14.74 51
183 SE Wilson Cr. Rng. @ Atlanta 4,188 -104.7 -13.75 50
183 SW Fairview Rng. 1,716 -101.1 -13.29 60
TR Total Recharge 12,200 -105.7 -14.12
NE Indian Springs 1 375 Spring -106.3 -14.16
NW Big Spring North 700 1 211 Spring -112.0 -15.10
NW Big Spring South 1,600 1 210 Spring -111.0 -14.80
NW Geyser Spring 340 1 213 Spring -105.0 -14.50
NW North Creek Spring 1,200 1 214 Spring -105.0 -14.60
NW Patterson Pass Spring WR3 15 305  Spring -108.4 -14.95
NW Unnamed Spring in Schell Creek Range 4 304 Spring -107.3 -14.48
SE Headwaters Spring WR5 17 309 Spring -107.3 -14.57
SE Bailey Spring (Wilson Ck) 1 310 Spring -102.0 -12.93
SE Wilson Creek 1 189 Surface -97.5 -13.20 Surface Water not included in recharge average
SW Cottonwood Spring (Fairview) 1 274 Spring -102.2 -13.40
SW Lower Pony Spring 2 190 Spring -101.0 -13.25
SW Indian Spring near Steward Ranch 1 188 Spring -102.0 -13.60
SW Unnamed Spring near Pony Spring 1 191 Spring -99.0 -12.90
ET ET 6,100 -105.7 -14.12
202 GW Outflow (Patterson) 6,100 -105.7 -14.12

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

202 Patterson Valley

183 Inflow (Lake) 6,100 -105.7 -14.12
202 E Wilson Cr. Rng. @ Mt. Wilson 6,464 -97.7 -12.99 47
202 W Bristol Rng. 3,991 -99.2 -13.10 48
TR Total Recharge 10,500 -98.3 -13.03
E Bailey Spring (Wilson Ck) 1 310 Spring -102.0 -12.93
E Blue Rock Spring 1 98 Spring -93.4 -12.68
E Headwaters Spring WR5 17 309 Spring -107.3 -14.57
E Upper Tower Spring 1 312 Spring -93.3 -12.30
E Parsnip Spring 1 180 Spring -93.5 -12.80

SE ROA 46747
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

E Horsethief Spring 2 314  Spring -97.0 -12.68
E Wilson Creek 1 189 Surface -97.5 -13.20 Surface Water not included in recharge average
W Deadman Spring (Highland) 2 162 Spring -95.0 -12.07
W Highland Spring 3 163  Spring -99.1 -13.36
W Lime Spring 2 160 Spring -98.5 -13.16
W Pine Spring 2 157 Spring -99.0 -13.37
W Upper Conner Spring 1 156 Spring -102.3 -13.88
W Connor Spring 1 283 Spring -100.6 -13.84
W Fox Cabin 1 273 Spring -103.5 -13.59
W Scotty Spring 1 272 Spring -98.9 -12.73
W Upper Fairview 1 280 Spring -97.7 -12.66
W Lower Fairview 1 281 Spring -97.5 -12.39
W Wildhorse Spring (Fairview) 1 183 Spring -92.5 -11.70 Evaporated so not used in recharge calculation
W McDermitt Spring 1 323 Spring -94.3 -11.21 Evaporated so not used in recharge calculation
ET ET 1,300 -98.3 -13.03
203 GW Outflow (Panaca) 15,300 -101.3 -13.47

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

201 Spring Valley
0 Inflow (None) 0 0.0 0.00
201 W Wilson Cr. Rng. @ Parsnip Pk. 5,161 -97.7 -12.99 53
201 E White Rock Mtns. 5,904 -100.9 -13.52 52

TR Total Recharge 11,100 -99.4 -13.28
E Barrel Spring 1 317 Spring -100.5 -13.36
E anyon Spring (Unnamed Spring in Burnt Canyon) 1 187 Spring -93.0 -12.30
E Lion Spring 1 318 Spring -103.4 -14.11
E South Monument Spring 1 319 Spring -102.3 -14.23
E Ripgut Sp #40 1 411 Spring -106.4 -14.38
E Unnamed Spring #1(White Rock Mts) 1 415 Spring -109.6 -15.05
E Unnamed Spring #2 (White RockMts) 1 417 Spring -97.0 -13.00
E Upper Burnt Canyon Spring 1 416 Spring -97.6 -12.83
E Upper Burnt Canyon Spring #2 1 416 Spring -103.6 -13.66
E Unnamed Spring nr Redd's Cabin Summit 2 173  Spring -94.4 -12.44
E Tobe Spring 1 315 Spring -100.0 -13.04
E Tobe Spring 2 1 316 Spring -93.6 -12.09
E Unnamed Spring in Miller Canyon 1 313 Spring -103.7 -14.27
E Headwaters Spring WR5 1 309 Spring -107.3 -14.57
W Blue Rock Spring 1 311 Spring -93.4 -12.68
W Headwaters Spring WR5 17 309 Spring -107.3 -14.57
W Bailey Spring (Wilson Ck) 1 310 Spring -102.0 -12.93
W Horsethief Spring 2 314  Spring -97.0 -12.68
W Parsnip Spring 1 180 Spring -93.5 -12.80
W Upper Tower Spring 1 312 Spring -93.3 -12.30
Surface Camp Creek 1 184 Surface -102.0 -14.00 Surface Water not included in recharge average
Surface MVW above Eagle Canyon 1 168 Surface -93.0 -12.00 Surface Water not included in recharge average
ET ET 3,900 -99.4 -13.28
200 GW Outflow (Eagle) 7,200 -99.4 -13.28
200 SW Outflow (Eagle) 0 -97.5 -13.00

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

200 Eagle Valley

201 Inflow (Spring) 7,200 -99.4 -13.28
201 SW Inflow (Spring) 0 -97.5 -13.00
200 E E. Eagle (Ursine) Valley 1,560 -99.1 -13.28 63
200 W W. Eagle (Ursine) Valley 412 -97.0 -12.68 64
TR Total Recharge 2,000 -98.7 -13.15
E Butcher Spring 1 424 Spring -103.2 -14.22

SE ROA 46748

JA_14117



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

E Newels Spring 1 423 Spring -96.0 -12.48
E Ox Valley Spring 1 422 Spring -100.0 -13.95
E Unnamed Spring #2 (Mahogany Mts) 1 421 Spring -100.7 -13.47
E Water Canyon Spring (Mahogany) 1 420 Spring -100.4 -13.68
E Tobe Spring 1 315 Spring -100.0 -13.04
E Tobe Spring 2 1 316 Spring -93.6 -12.09
W Horsethief Spring 2 314  Spring -97.0 -12.68
ET ET 1,000 -98.7 -13.15
199 GW Outflow (Rose) 8,200 -99.3 -13.26
198 SW Outflow (Rose) 0 -98.7 -13.00

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

199 Rose Valley

200 Inflow (Eagle) 8,200 -99.3 -13.26
200 SW Inflow (Eagle) 0 -98.7 -13.00
199 E E. Rose Valley 163 -99.1 -13.28 65
199 W W. Rose Valley 78 -97.0 -12.68 66
TR Total Recharge 200 -98.4 -13.08
E Butcher Spring 1 424 Spring -103.2 -14.22
E Newels Spring 1 423 Spring -96.0 -12.48
E Ox Valley Spring 1 422 Spring -100.0 -13.95
E Unnamed Spring #2 (Mahogany Mts) 1 421 Spring -100.7 -13.47
E Water Canyon Spring (Mahogany) 1 420 Spring -100.4 -13.68
E Tobe Spring 1 315 Spring -100.0 -13.04
E Tobe Spring 2 1 316 Spring -93.6 -12.09
W Horsethief Spring 2 314  Spring -97.0 -12.68
ET ET 600 -98.4 -13.08
198 GW Outflow (Dry) 7,800 -99.3 -13.25
198 SW Outflow (Dry) 0 -98.4 -13.08

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

198 Dry Valley

199 Inflow (Rose) 7,800 -99.3 -13.25
199 SW Inflow (Rose) 0 -98.4 -13.08
198 E E. Dry Valley 2,860 -96.9 -12.99 67
198 W W. Dry Valley 321 -97.0 -12.68 68
TR Total Recharge 3,200 -96.9 -12.96
E Kiln Spring 1 418 Spring -91.9 -12.34
E Summit Spring (Mahogany Mts.) 1 419 Spring -92.1 -12.04
E Newels Spring 1 423 Spring -96.0 -12.48
E Ox Valley Spring 1 422 Spring -100.0 -13.95
E Unnamed Spring #2 (Mahogany Mts) 1 421 Spring -100.7 -13.47
E Water Canyon Spring (Mahogany) 1 420 Spring -100.4 -13.68
W Horsethief Spring 2 314  Spring -97.0 -12.68
Warm Spring Flatnose Spring  (Unnamed Spring) 1 153 Spring -101.0 -13.40 -99.3 -13.25 Inter-basin flow from Dry Valley
Spring Delmues Spring (Unnamed Spring) 1 149 Spring -104.0 -13.40 Local Valley spring not included in recharge calculation
ET ET 3,700 -97.2 -13.00
203 GW Outflow (Panaca) 7,300 -99.3 -13.25
203 SW Outflow (Panaca) 0 -97.2 -13.00

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

204 Clover Valley

0 Inflow (None) 0 0.0 0.00
204 N South of Beaver Dam 8,232 -92.2 -12.42 71
204 S North of Jack's Mtn 6,451 -92.0 -12.52 72

SE ROA 46749
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

TR Total Recharge 14,700 -92.1 -12.46
N Acoma Well 1 118 Well -95.0 -12.60
N Cave Spring (Clover) 2 247 Spring -92.8 -12.37
N Clover Creek Valley Well 246 1 120 Well -89.0 -12.40
N Ramone Mathews Well 1 115 Well -92.0 -12.30
S Big Spring (Clover) 2 253 Spring -93.6 -12.89
S East Settling Spring 1 248 Spring -92.2 -12.76
S Ella Spring 1 251 Spring -95.8 -12.56
S Little Springs (Clover Mts) 2 254  Spring -93.3 -12.81
S Quaking Aspen Spring 1 255 Spring -93.6 -12.98
S Sheep Spring (Clover) 2 108 Spring -88.8 -12.03
S Unnamed Spring 1 113 Spring -86.5 -11.60
Alluvial Well Clover Creek Valley Well 232 1 114 Well -84.0 -11.70
ET ET 5,200 -92.1 -12.46
205 GW Outflow (LMVW) 9,500 -92.1 -12.46
205 SW Outflow (LMVW) 0 -92.1 -12.46

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

203 Panaca Valley

202 Inflow (Patterson) 15,300 -101.3 -13.47
198 Inflow (Dry) 7,300 -99.3 -13.25
198 SW Inflow (Dry) 0 -97.2 -13.00
203 E Condor Canyon 2,479 -92.0 -12.19 69
203 W Cathedral Gorge 2,984 -98.9 -13.28 70
TR Total Recharge 5,500 -95.8 -12.78
W Connor Spring 1 283 Spring -100.6 -13.84
W Deadman Spring (Highland) 2 162 Spring -95.0 -12.07
W Highland Spring 3 163  Spring -99.1 -13.36
W Lime Spring 2 160 Spring -98.5 -13.16
W Pine Spring 2 157 Spring -99.0 -13.37
W Upper Conner Spring 2 156 Spring -101.2 -13.87
E Kiln Spring 1 418 Spring -91.9 -12.34
E Summit Spring (Mahogany Mts.) 1 419 Spring -92.1 -12.04
Warm Bennett Spring 20 1 141 Spring -103.0 -13.70 -101.3 -13.47 Inter-basin flow from Patterson Valley
Warm Caliente Hot Springs (Hotel) 0 8 129 Spring -107.9 -14.44 -105.7 -14.12 Inter-basin flow from Lake Valley
Warm Panaca Spring 7700 13 144  Spring -106.9 -14.14 -105.7 -14.12 Inter-basin flow from Lake Valley
Surface Meadow Valley Wash, Cal. 1 130 Surface -97.0 -13.10
Warm Lester Mathews Well 1 142 Well -103.0 -13.30
Warm Panaca Town Well 1 143 Well -106.0 -14.00
Warm North Lee Well 1 147 Well -101.0 -13.30
ET ET 18,900 -99.2 -13.22
205 GW Outflow (LMVW) 9,200 -100.6 -13.40
205 SW Outflow (LMVW) 0 -99.2 -13.22

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

205 Lower Meadow Valley Wash

203 Inflow (Panaca) 9,200 -100.6 -13.40
204 Inflow (Clover) 9,500 -92.1 -12.46
203 SW Inflow (Panaca) 0 -99.2 -13.22
204 SW Inflow (Clover) 0 -92.1 -12.46
205 NW Delamar Mtns. 3,077 -92.2 -12.28 92
205 NE Clover Mountains 7,290 -90.4 -12.25 93
205 SW Meadow Valley Mtns. 1,146 -87.4 -11.92 94
205 SE Mormon Mtns. 895 -88.3 -12.50 95
TR Total Recharge 12,400 -90.4 -12.24
NE Big Spring (Clover) 2 253 Spring -93.6 -12.89
NE East Settling Spring 1 248 Spring -92.2 -12.76

SE ROA 46750
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

NE Ella Spring 1 251 Spring -95.8 -12.56
NE Garden Spring 1 246 Spring -87.0 -11.54
NE Kershaw-Ryan Spring #1 1 250 Spring -95.1 -13.11
NE Sheep Spring (Clover) 2 108 Spring -88.8 -12.03
NE Unnamed Spring 1 113 Spring -86.5 -11.60
NE Unnamed Spring (Clover) 1 249 Spring -88.0 -12.20
NE Garden Spring 1 246 Spring -87.0 -11.54
NW Abandoned Spring 1 266 Spring -94.5 -12.32
NW Grassy Spring 3 117 Spring -88.7 -11.08 Evaporated so not used in recharge calculation
NW Buckboard Spring 1 264 Spring -88.2 -11.71
NW Cottonwood Spring (Delamar) 1 265 Spring -96.9 -12.87
NW Bishop Spring 3 107 Spring -87.2 -11.72
NW Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
NW Lower Chokecherry Spring 1 261 Spring -98.4 -12.98
NW Lower Indian Spring 1 267 Spring -96.0 -12.62
NW Narrow Canyon Spring 1 257 Spring -92.5 -12.47
NW Oak Spring 1 269 Spring -90.0 -11.87
NW Red Rock Spring 1 256 Spring -95.0 -12.30
NW Willow Spring (KSV-1) 4 92 Spring -88.4 -11.60
NW Sawmill Spring  (Delamar Range) 1 259 Spring -88.7 -12.58
NW Sawmill Spring West 1 258 Spring -91.8 -12.86
NW Unnamed Chokecherry Spring 1 263 Spring -98.1 -12.54
NW Upper Chokecherry Spring 1 262 Spring -98.9 -12.96
NW Willow Spring 2 (So.of Oak Sps.summit) 1 260 Spring -91.2 -11.69
NW Upper Indian Spring 1 268 Spring -88.0 -11.46
NW Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
SW Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
SE Davies Spring 1 90 Spring -89.0 -12.50
SE Horse Spring (Morman) 1 85 Spring -89.0 -12.70
SE Hackberry Spring 1 84 Spring -87.0 -12.30
Warm Kershaw-Ryan Spring #1 1 250 Spring -95.1 -13.11 -96.3 -12.92 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
Warm EH-6 Weiser Wash 1 59 Well -99.5 -13.90
Warm EH-8 Weiser Wash 1 57 Well -96.5 -13.70
Alluvial Well Railroad Well (Farrier, NV) 1 80 Well -97.5 -12.50
ET ET 21,900 -93.0 -12.54
206 GW Outflow (Upper Moapa) 4,000 -96.3 -12.92
218 GW Outflow (California Wash) 5,200 -96.3 -12.92
218 SW Outflow (California Wash) 0 -90.4 -12.24

XXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

175 Long Valley

0 Inflow (None) 0 0.0 0.00
175 SE Butte Mtn. (S) 2,379 -119.6 -15.53 35
175 SW Alligator Rdg. 2,501 -121.7 -15.85 36
175 NW Maverick Springs 3,911 -123.9 -16.23 37
175 NE Butte Mtn. (N) 1,509 -119.2 -15.36 164
TR Total Recharge 10,300 -121.7 -15.85
SE Butte Spring 1 327  Spring -120.4 -15.79
SE Cabin Spring 1 328  Spring -124.4 -15.89
SE Robbers Roost #2 Spring (Butte) 1 340  Spring -112.0 -14.39
SE Deer Spring (Butte) 1 332 Spring -114.1 -14.74
SE Summit Spring 1 348  Spring -120.8 -15.94
SE Thirty Mile Spring 1 242 Spring -126.0 -16.40
NW Mud Spring (Buck Mts) 1 339  Spring -117.6 -15.21
NW Ram. Res. Wtr Supply Well 1 244 Well -129.5 -16.75
NW Unnamed Near Little Willow Spring 1 351  Spring -125.9 -17.04
NW Well at Alligator Ridge 1 243 Well -127.0 -16.60
NW Woodchuck Spring 1 356  Spring -119.6 -15.55
NE White Rock Spring (Butte) 1 355  Spring -119.2 -15.36
ET ET 2,000 -121.7 -15.85
174 GW Outflow (Jakes) 8,300 -121.7 -15.85

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

174 Jakes Valley

175 Inflow (Long) 8,300 -121.7 -15.85
174 E Egan Range 5,404 -118.4 -15.31 33
174 W North White Pine 11,596 -120.3 -15.83 34
TR Total Recharge 17,000 -119.7 -15.66
W Tunnel Spring 1 366  Spring -118.3 -15.02
W Aspen Springs North 1 349  Spring -119.3 -15.84
W Aspen Springs South 1 324  Spring -120.9 -16.02
W Chicken Spring 1 330  Spring -122.0 -16.17
W Circle Wash Spring 1 331  Spring -114.5 -15.30
W Sage Hen Spring 1 342  Spring -112.4 -14.76
W Sand Spring 1 239 Spring -123.0 -16.20
W Shellback Spring 1 344  Spring -123.6 -16.54
W Unnamed Hayden Canyon Spring 1 350  Spring -120.9 -15.69
W Unnamed Shellback Ridge Spring 1 352  Spring -123.6 -16.18
W Wild Horse Spring (White Pine) 1 240 Spring -129.0 -16.80
W Unnamed Stone Cabin Spring 2 354  Spring -116.2 -15.39
W/E Indian Spring (Butte) 1 334  Spring -119.1 -15.31
W/E Sammy Spring 1 343  Spring -117.6 -15.30
W Upper Illipah Crk 2 238 Surface -123.5 -16.10 Not used in W average
ET ET 0 -120.3 -15.72
207N GW Outflow (NWRV) 25,300 -120.3 -15.72

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

180 Cave Valley

0 Inflow (None) 0 0.0 0.00
180 E S. Schell Cr. Rng 6,220 -105.0 -14.28 43,44
180 W S. Egan Rng 7,780 -107.8 -14.28 45,46

Reconnaissance Series Water Budget

SE ROA 46752
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

TR Total Recharge 14,000 -106.6 -14.28
E North Creek Spring 1 214 Spring -105.0 -14.60
E Patterson Pass Spring WR3 15 305  Spring -108.4 -14.95
E Unnamed Spring in Schell Creek Range 4 304 Spring -107.3 -14.48
E Sheep Spring (Schell Ck) 1 212 Spring -99.5 -13.70
E Robbers Roost Spring (Schell Ck) 1 389 Spring -109.7 -14.75
E Sidehill Spring 1,600 2 200 Spring -100.4 -13.21
W Big Spring (Egan) 4 206 Spring -105.5 -13.90
W Chimney Rock Spring 2 219 Spring -110.5 -14.52
W Haggerty Spring 1 387 Spring -109.6 -14.78
W Granite Spring 1 440 Spring -103.4 -13.32
W Hole in the Bank Spring 1 386 Spring -114.9 -15.37
W Silver Spring 2 385 Spring -111.4 -14.71
W Shingle Spring 2 203 Spring -103.7 -13.33
W Perry Sp Barcass 37 1 408 Spring -107.7 -15.04
W Trough Spring 1 413 Spring -103.6 -13.56
ET ET 200 -106.6 -14.28
 Well 180W902 1 601 Deep Well -104.7 -14.12
 Well 180W501 1 600 Deep Well -105.6 -14.12
181 GW Outflow (Dry Lake) 0 -106.6 -14.28
207S GW Outflow (SWRV) 13,800 -106.6 -14.28

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207N North White River Valley

174 Inflow (Jakes) 25,300 -120.3 -15.72
207 NE Egan Rng North 13,009 -112.4 -15.14 38
207 NW White Pine Rng. 12,727 -115.0 -15.18 39, 40
TR Total Recharge 25,700 -113.7 -15.16
NE on Creek Spring (Unnamed Spring in Gubler Canyon) 1 235 Spring -111.0 -14.90
NE Hole in the Bank Spring 1 386 Spring -114.9 -15.37
NE Lone Pine Spring 3 223 Spring -110.2 -14.90
NE North Spring 1 237 Spring -113.0 -15.00
NE High Springs 1 433 Spring -113.4 -15.43
NE Lion Spring (Egan Range) 1 430 Spring -114.8 -15.34
NE Mud Spring 1 446 Spring -111.0 -14.53
NE Pine Springs (Egan Range) 1 434 Spring -116.0 -15.71
NE Unnamed Spring #1(Egan) 1 435 Spring -112.2 -15.14
NE Unnamed Spring #2 (Egan Range) 1 436 Spring -110.0 -15.14
NE Unnamed Spring #3 (Egan Range) 1 437 Spring -110.2 -15.07
NE Unnamed Spring #4 (Egan Range) 1 438 Spring -114.0 -15.37
NE Unnamed Spring #5 (Egan Range) 1 445 Spring -109.6 -14.72
NE Second Sawmill Spring 1 222 Spring -110.0 -14.70
NE South Spring (Egan) 2 236 Spring -111.5 -15.12
NE Upper Terrace Spring WR2 14 270 Spring -114.0 -15.42
NE Water Canyon Spring 1 358 Spring -114.4 -15.60
NE Lund Spring 1 221 Spring -113.0 -15.40 Local Valley spring not included in recharge calculation
NE Water Canyon 2 233 Surface -116.0 -15.25 Surface Water not included in recharge average
NW Big Tom Plain Spring 1 326  Spring -121.1 -15.92
NW Deer Spring (White Pine) 2 322  Spring -119.3 -15.87
NW Unnamed Spring #1 (White Pine) 1 359  Spring -114.8 -15.36
NW Unnamed Spring #2 (White Pine) 1 360  Spring -114.9 -15.66
NW Unnamed Spring #3 (White Pine) 1 361  Spring -113.1 -14.96
NW Unnamed Spring #4 (White Pine) 1 362  Spring -116.3 -15.01
NW Unnamed Spring #5 (White Pine) 3 363  Spring -116.0 -15.36
NW Unnamed Spring #6 (White Pine) 1 364  Spring -115.1 -14.98
NW Easter Spring 1 365  Spring -119.4 -15.56
NW Halfway Spring (RS) 2 429 Spring -108.7 -13.52
NW Little Tom Plain Spring 2 337  Spring -121.0 -15.86
NW Monitoring Spring WR1 14 320 Spring -113.7 -15.58
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

NW Saddle Spring (White Pine) 3 357 Spring -116.8 -15.45
NW Secret Spring 1 220 Spring -110.0 -14.00
NW Unnamed Spring below Currant Mtn 1 226 Spring -107.0 -14.00
NW Stove Spring 1 347  Spring -114.5 -15.71
NW med Spring in dry creek bed (White Pine Range) 1 321 Spring -113.6 -15.31
NW Snowmelt Below Duckwater Peak 5,700 1 224 Surface -105.0 -14.10 Surface Water not included in recharge average
NW Little Currant Creek 1 217 Surface -113.0 -15.00 Surface Water not included in recharge average
Warm Cold Spring, Preston 1,000 2 230 Spring -123.5 -15.80
Warm Nicholas Spring 2,000 1 227 Spring -124.0 -16.10
Warm Preston Big Spring 5,900 11 231  Spring -122.0 -15.88
Warm Discharge Warm Sprs (Avg) 8,900 14 -122.6 -15.92 -120.3 -15.72 Inter-basin flow from Jakes Valley
ET ET 22,000 -117.0 -15.44
207S GW Outflow (SWRV) 29,000 -117.0 -15.44

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207S South White River Valley WRV Tot Recharge
38,000

207N Inflow (N White River) 29,000 -117.0 -15.44
180 Inflow (Cave) 13,800 -106.6 -14.28
207 SE Egan Rng South 6,529 -106.9 -14.15 41
207 SW Grant Rng 5,735 -106.5 -14.23 42
TR Total Recharge 12,300 -106.7 -14.18
E Chimney Rock Spring 2 219 Spring -110.5 -14.52
E Haggerty Spring 1 387 Spring -109.6 -14.78
E Granite Spring 1 440 Spring -103.4 -13.32
E Silver Spring 2 385 Spring -111.4 -14.71
E Big Spring (Egan) 4 206 Spring -105.5 -13.90
E Shingle Spring 2 203 Spring -103.7 -13.33
E Perry Sp Barcass 37 1 408 Spring -107.7 -15.04
E Trough Spring 1 413 Spring -103.6 -13.56
E Butterfield Spring 4,000 1 202 Spring -105.0 -14.20 local Valley spring not included in recharge calculation
E Emigrant Spring 1,900 2 207 Spring -107.8 -14.50 local Valley spring not included in recharge calculation
E Flag Spring #3 1 201 Spring -105.0 -14.30 local Valley spring not included in recharge calculation
SW Albert Spring 1 204 Spring -107.0 -13.95
SW Big Spring (Grant) 1 194 Spring -112.0 -15.20
SW Brady Spring 2 282 Spring -109.5 -15.38
SW Forest Home Spring (Unnamed Spring) 1 195 Spring -108.5 -14.50
SW Horse Spring (Grant) 1 370  Spring -99.5 -12.86
SW Teaspoon Spring 1 371  Spring -100.0 -13.26
SW Wiregrass Spring (Grant) 1 372  Spring -101.4 -13.29
SW Murphy Spring 1 373  Spring -114.5 -15.40
SW Little Spring (Grant Range) 1 369  Spring -99.4 -12.48 Evaporated so not used in recharge calculation
Warm Hot Creek Campground Well 0 1 198 Well -118.0 -15.30
Warm Hot Creek Springs 10,000 10 197  Spring -118.9 -15.69
Warm Moon River Spring 2,800 1 192 Spring -120.0 -15.80
Warm Moorman Spring 400 1 205 Spring -119.0 -15.70
Warm Discharge Warm Sprs (Avg) 13,200 13 -119.2 -15.71 -117.0 -15.44 Inter-basin flow from Northern White River Valley
ET ET 13,000 -112.1 -14.87
208 GW Outflow (Pahroc) 42,100 -112.1 -14.87
208 GW Outflow (Garden Valley) 0 -112.1 -14.87

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXXX

172 Garden Valley

172 Inflow (None) 0 -112.1 -14.87
172 SW Quinn Canyon Range 5,348 -104.6 -14.08 171
172 NW Grant Range 3,502 -105.6 -14.12 170
172 NE Golden Gate Rng 428 -98.0 -13.30 55
172 SE Worthington Mountains 723 -98.0 -13.30 56
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

TR Total Recharge 10,000 -104.2 -14.00
SW Unnamed Spring #7 (Quinn) 1 367  Spring -105.9 -14.23
SW Unnamed Spring #8 (Quinn) 1 368  Spring -104.4 -14.18
SW Adaven Spring 2 177 Spring -105.3 -14.01
SW Lower Little Cherry Cr Spring 1 182 Spring -103.0 -13.90
SW Carpenter Spring 1 171 Spring -95.0 -11.85 Evaporated so not used in recharge calculation
NW Big Spring (Grant) 1 194 Spring -112.0 -15.20
NW Brady Spring 2 282 Spring -109.5 -15.38
NW Forest Home Spring (Unnamed Spring) 1 195 Spring -108.5 -14.50
NW Horse Spring (Grant) 1 370  Spring -99.5 -12.86
NW Teaspoon Spring 1 371  Spring -100.0 -13.26
NW Wiregrass Spring (Grant) 1 372  Spring -101.4 -13.29
NW Murphy Spring 1 373  Spring -114.5 -15.40
NW Little Spring (Grant Range) 1 369  Spring -99.4 -12.48 Evaporated so not used in recharge calculation
SE The Seeps (Spring) 1 136 Spring -98.0 -13.30

ET ET 2,000 -104.2 -14.00
171 GW Outflow (Coal) 8,000 -104.2 -14.00

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

171 Coal Valley

172 Inflow (Garden) 8,000 -104.2 -14.00
172 Inflow (SWRV) 0 -112.1 -14.87
171 E Seaman Rng 631 -98.2 -12.87 75
171 W Golden Gate Rng 1,369 -99.0 -13.13 76
TR Total Recharge 2,000 -98.7 -13.05
W Cold Spring 1 288 Spring -98.9 -12.98
W Henry Spring 1 287 Spring -97.4 -12.77
W Little Cut Spring 2 286  Spring -98.3 -12.85
E Seaman Spring 1 306 Spring -99.0 -13.13
Carb Well USGS-MX C.V. Well (CV-DT-1) 2 176 Well -109.0 -14.56 -104.2 -14.0 Underflow from Garden Valley
ET ET 0 -103.1 -13.81
208 GW Outflow (Pahranagat) 10,000 -103.1 -13.81

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

208 Pahroc Valley

207S Inflow (S. White River) 42,100 -112.1 -14.87
171 Inflow (Coal) 0 0.0 0.00
208 E N. Pahroc Rng. 1,019 -94.2 -12.42 73
208 W Seaman Rng. 1,181 -99.0 -13.13 74
TR Total Recharge 2,200 -96.8 -12.80
E Black Rock Spring 2 158 Spring -93.8 -12.31
E Coyote Spring 2 169 Spring -95.1 -12.53
E Hamilton Spring 1 298 Spring -93.1 -11.76
E Little Boulder Spring 1 301 Spring -97.2 -13.06
E Mustang Spring 2 135 Spring -90.5 -12.49
E Pahroc Spring 3 131  Spring -92.2 -12.65
E Rattlesnake Spring 1 302 Spring -97.3 -12.65
E Unnamed Spring--nr Blackrock 1 299 Spring -94.3 -11.90
W Seaman Spring 1 306 Spring -99.0 -13.13
Evaporated White Rock Spring (Seaman Range) 1 154 Spring -90.0 -12.10 Evaporated not used in recharge calculation
ET ET 0 -111.3 -14.77
209 GW Outflow (Pahranagat) 44,300 -111.3 -14.77

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

209 Pahranagat Valley
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

208 Inflow (Pahroc) 44,300 -111.3 -14.77
171 Inflow (Coal) 10,000 -103.1 -13.81
209 Inflow (Delamar) 6,200 -97.7 -12.96
209 E S. Pahroc Rng. 528 -94.9 -12.83 77, 78
209 W Mt. Irish/Pahranagat Rng. 1,272 -98.4 -14.24 79, 80 (172, 173)
TR Total Recharge 1,800 -97.4 -13.83
E Eightmile Spring 2 295 Spring -95.6 -13.09
E Gulch Spring(Unnamed Spring in Hells Acres Gulch) 1 109 Spring -93.0 -12.30
E Sixmile Spring 1 112 Spring -93.4 -13.06
E Twin Spring 1 294 Spring -97.4 -13.24
E named Spring in Road(South Pahroc Range) 1 303 Spring -96.7 -13.07
E Unnamed Spring nr Six Mile seep 1 296 Spring -94.5 -12.62
E Water Tank 0.4mi West of Sixmile 1 297 Spring -93.8 -12.44
S Maynard Lake Spring (Unnamed Spring) 1 94 Spring -94.0 -12.30 Local Valley spring not included in recharge calculation
W Reed Spring 1 289 Spring -98.4 -14.24
Warm Ash Springs 12400 6 110 Spring -109.1 -14.11
Warm Little Ash Spring (Ash Spring) 500 1 111 Spring -107.2 -14.20
Warm Crystal Springs 8,200 17 116  Spring -108.8 -14.41
Warm Hiko Spring 4,300 7 122 Spring -108.7 -14.39
Warm Discharge Warm Springs (Avg) 25,400 31 -108.9 -14.26 -111.3 -14.77 Inter-basin flow from Pahroc Valley
ET ET 25,000 -108.3 -14.41
Warm 209M-1 1 608 Deep Well -104.7 -13.53 -111.3 -14.77 Inter-basin flow from Pahroc Valley
210 GW Outflow (Coyote Spr) 37,300 -108.3 -14.41

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

181 Dry Lake Valley

180 Inflow (None) 0 0.0 0.00
181 NW S. Schell Ck Range 854 -100.4 -13.21 59
181 SW N. Pahroc Rng. 124 -94.2 -12.42 57
181 NE Fairview Rng. 1,180 -99.5 -12.89 58
181 E Bristol/Highland Rng. 2,567 -98.9 -13.28 61
181 SE Burnt Springs Rng. 274 -94.6 -12.36 62
TR Total Recharge 5,000 -98.9 -13.10
E Deadman Spring (Highland) 2 162 Spring -95.0 -12.07
E Highland Spring 3 163  Spring -99.1 -13.36
E Lime Spring 2 160 Spring -98.5 -13.16
E Pine Spring 2 157 Spring -99.0 -13.37
E Connor Spring 1 283 Spring -100.6 -13.84
E Upper Conner Spring 2 156 Spring -101.2 -13.87
SE Red Rock Spring 1 256 Spring -95.0 -12.30
SE Abandoned Spring 1 266 Spring -94.5 -12.32
SE Buckboard Spring 1 264 Spring -88.2 -11.71
SE Cottonwood Spring (Delamar) 1 265 Spring -96.9 -12.87
SE Lower Chokecherry Spring 1 261 Spring -98.4 -12.98
SE Oak Spring 1 269 Spring -90.0 -11.87
SE Unnamed Chokecherry Spring 1 263 Spring -98.1 -12.54
SE Upper Chokecherry Spring 1 262 Spring -98.9 -12.96
SE Willow Spring 2 (So.of Oak Sps.summit) 1 260 Spring -91.2 -11.69
NE Bailey Spring (Fairview) 2 277 Spring -98.2 -12.69
NE Cottonwood Spring (Fairview) 1 274 Spring -102.2 -13.40
NE Littlefield Spring 1 275 Spring -98.5 -12.73
NE Lower Pony Spring 2 190 Spring -101.0 -13.25
NE Meloy Spring 1 276 Spring -99.8 -12.75
NE Scotty Spring 1 272 Spring -98.9 -12.73
NE Indian Spring near Steward Ranch 1 188 Spring -102.0 -13.60
NE Unnamed Spring near Pony Spring 1 191 Spring -99.0 -12.90
NE Fence Spring 1 278 Spring -97.4 -12.55
NE Fox Cabin 1 273 Spring -103.5 -13.59
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

NE Lower Fairview 1 281 Spring -97.5 -12.39
NE Robison Spring 1 279 Spring -97.9 -12.34
NE Upper Fairview 1 280 Spring -97.7 -12.66
SW Black Rock Spring 2 158 Spring -93.8 -12.31
SW Coyote Spring 2 169 Spring -95.1 -12.53
SW Hamilton Spring 1 298 Spring -93.1 -11.76
SW Little Boulder Spring 1 301 Spring -97.2 -13.06
SW Mustang Spring 2 135 Spring -90.5 -12.49
SW Pahroc Spring 3 131  Spring -92.2 -12.65
SW Rattlesnake Spring 1 302 Spring -97.3 -12.65
SW Unnamed Spring--nr Blackrock 1 299 Spring -94.3 -11.90
NW Sidehill Spring 1,600 2 200 Spring -100.4 -13.21
Evaporated Grassy Spring 3 117 Spring -88.7 -11.08 Evaporated so not used in recharge calculation
Evaporated Wildhorse Spring (Fairview) 1 183 Spring -92.5 -11.70 Evaporated so not used in recharge calculation
Carb Well Fugro Dry Lake V Deep Well 2 179 Well -107.5 -14.16 -98.9 -13.10 Local Recharge
Carb Well 181M1 1 603 Deep Well -105.0 -13.67 -98.9 -13.10 Local Recharge
Carb Well 181W909M 1 604 Deep Well -104.6 -13.50 -98.9 -13.10 Local Recharge
ET ET 0 -98.9 -13.10
209 GW Outflow (Pahranagat) 0 -98.9 -13.10
182 GW Outflow (Delamar) 5,000 -98.9 -13.10

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

182 Delamar Valley

181 Inflow (Dry Lake) 5,000 -98.9 -13.10
182 E Delamar Mtns. 1,037 -92.5 -12.32 81
182 W S. Pahroc Rng. 163 -94.6 -12.81 82
TR Total Recharge 1,200 -92.7 -12.38
E Abandoned Spring 1 266 Spring -94.5 -12.32
E Red Rock Spring 1 256 Spring -95.0 -12.30
E Oak Spring 1 269 Spring -90.0 -11.87
E Upper Chokecherry Spring 1 262 Spring -98.9 -12.96
E Upper Indian Spring 1 268 Spring -88.0 -11.46
E Lower Indian Spring 1 267 Spring -96.0 -12.62
E Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
E Narrow Canyon Spring 1 257 Spring -92.5 -12.47
E Bishop Spring 3 107 Spring -87.2 -11.72
E Buckboard Spring 1 264 Spring -88.2 -11.71
E Cottonwood Spring (Delamar) 1 265 Spring -96.9 -12.87
E Lower Chokecherry Spring 1 261 Spring -98.4 -12.98
E Sawmill Spring (Delamar Range) 1 259 Spring -88.7 -12.58
E Sawmill Spring West 1 258 Spring -91.8 -12.86
E Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
E Unnamed Chokecherry Spring 1 263 Spring -98.1 -12.54
E Willow Spring 2 (So.of Oak Sps.summit) 1 260 Spring -91.2 -11.69
W Pahroc Spring 3 131  Spring -92.2 -12.65
W Gulch Spring(Unnamed Spring in Hells Acres Gulch) 1 109 Spring -93.0 -12.30
W Sixmile Spring 1 112 Spring -93.4 -13.06
W Eightmile Spring 2 295 Spring -95.6 -13.09
W Twin Spring 1 294 Spring -97.4 -13.24
W named Spring in Road(South Pahroc Range) 1 303 Spring -96.7 -13.07
W Unnamed Spring nr Six Mile seep 1 296 Spring -94.5 -12.62
W Water Tank 0.4mi West of Sixmile 1 297 Spring -93.8 -12.44
Evaporated Grassy Spring 3 117 Spring -88.7 -11.08 Evaporated so not used in recharge calculation
ET ET 0 -97.7 -12.96
Well 182W906M 1 607 Deep Well -100.3 -13.33 -98.9 -13.10 Inter-basin flow from Dry Lake Valley
209 GW Outflow (Pahranagat) 6,200 -97.7 -12.96
210 GW Outflow (Coyote Spr) 0 -97.7 -12.96

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX
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Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

206 Kane Springs Valley

0 Inflow (None) 0 0.0 0.00
206 W Delamar Mtns. 563 -89.0 -12.22 90
206 E Meadow Valley Mtns. 0 -87.4 -11.92 91
TR Total Recharge 600 -89.0 -12.22
E Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
W Sawmill Spring (Delamar Range) 1 259 Spring -88.7 -12.58
W Sawmill Spring West 1 258 Spring -91.8 -12.86
W Bishop Spring 3 107 Spring -87.2 -11.72
W Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
W Kane Springs (KSV-3) 3 97 Spring -86.8 -12.13
W Narrow Canyon Spring 1 257 Spring -92.5 -12.47
W Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
W Willow Spring (KSV-1) 4 92 Spring -88.4 -11.60
ET ET 0 -89.0 -12.22
210 GW Outflow (Coyote Spr) 600 -89.0 -12.22

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

210 Coyote Springs Valley

209 Inflow (Pahranagat) 37,300 -108.3 -14.41
182 Inflow (Delamar) 0 0.0 0.00
206 Inflow (Kane Springs) 600 -89.0 -12.22
210 NE S. Delamar Mtns. 27 -89.0 -12.22 83
210 E S. Meadow Valley Mtns. 0 -87.4 -11.92 84
210 NW S. of Maynard Lake 0 -94.0 -12.30 87
210 SE Arrow Canyon Rng. 4 -81.0 -10.60 88
210 W Sheep Range 2,007 -92.7 -12.83 89
TR Total Recharge 2,000 -92.6 -12.81
W Cow Camp Spring 4 47  Spring -91.9 -12.53
W Lamb Spring 1 86 Spring -92.5 -13.15
W Mormon Well Spring 3 53 Spring -91.8 -12.67
W Rye Patch Spring 1 341  Spring -89.3 -12.31
W Sawmill Spring (Sheep) 1 58 Spring -92.0 -12.85
W Sheep Spring (Sheep Range) 1 83 Spring -96.0 -13.35
W Wiregrass Spring (Sheep) 13 49 Spring -95.1 -12.93
W White Rock Spring (Sheep) 2 64  Spring -85.5 -10.17 Evaporated not used in recharge calculation
NW Maynard Lake Spring (Unnamed Spring) 1 94 Spring -94.0 -12.30
SE Wamp Spring 1 52 Spring -81.0 -10.60
E Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
NE Bishop Spring 3 107 Spring -87.2 -11.72
NE Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
NE Kane Springs (KSV-3) 3 97 Spring -86.8 -12.13
NE Narrow Canyon Spring 1 257 Spring -92.5 -12.47
NE Sawmill Spring  (Delamar Range) 1 259 Spring -88.7 -12.58
NE Sawmill Spring West 1 258 Spring -91.8 -12.86
NE Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
NE Willow Spring (KSV-1) 4 92 Spring -88.4 -11.60
Carb Well CSVM-2 1 612 Well -97.7 -13.14
Carb Well CSVM-3 1 613 Well -98.0 -13.10
Carb Well CSVM-4 1 614 Well -102.5 -13.41
Carb Well CSVM-6 1 616 Well -100.7 -12.97
Carb Well CSI-1 1 609 Well -102.6 -13.08
Carb Well CSI-2 1 610 Well -100.2 -12.90
Carb Well CSI-3 1 611 Well -99.6 -13.03
Carb Well USGS CSV-1 1 71 Well -103.0 -13.55
Carb Well CE-VF-2 Well 2 81 Well -101.0 -13.10
Carb Well Fugro CV Deep Well CE-DT-5 3 77 Well -99.6 -12.96
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Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

Carb Well CE-DT-4 1 78 Well -102.5 -13.00
ET ET 500 -107.2 -14.29
CARB Carbonate Well (Avg) 6 -100.7 -13.11 -107.9 -14.37 Flow weighted average of inter-basin flow from Pahranagat, Kane Springs, and Delamar Valleys
219 GW Outflow (Muddy) 39,400 -107.2 -14.29
217 GW Outflow (Hidden) 0 0.0 0.00
216 GW Outflow (Garnet) 0 0.0 0.00

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

219 Upper Moapa (Muddy) Valley

205 Inflow (LMVW) 0 0.0 0.00
210 Inflow (Coyote) 39,400 -107.2 -14.29
219 S E. Arrow Canyon? 0 -87.3 -11.86 Grapevine Sp. 85
219 N Wildcat Wash 0 -87.3 -11.86 Grapevine Sp. 86
TR Total Recharge 0 -87.3 -11.86
Warm APCAR 0 1 292 Spring -98.2 -12.94
Warm Baldwin Spring 2226 9 291 Spring -97.6 -12.97
Warm Big Muddy Spring 5500 6 69 Spring -97.9 -12.89
Warm Iverson's Spring 0 1 65 Spring -97.0 --
Warm Jones Spring Pumphouse 0 6 292  Spring -97.9 -13.05
Warm M-8 Spring (Unnamed Spring) 0 1 68 Spring -99.0 -12.75
Warm M-9 Spring (Unnamed Spring) 200 1 70 Spring -96.5 -12.45
Warm Pederson's East 0 9 290 Spring -97.8 -12.98
Warm Pederson's Warm Spring (M-13) 400 15 67  Spring -97.5 -12.93
Warm Dicharge Warm Sprs (Avg) 8,300 49 -97.8 -12.90 -107.2 -14.29 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
Carb Well CE-DT-6 Well 2 72 Well -98.0 -13.03
Carb Well CSV-2 Well 2 76 Well -97.9 -12.92
CARB Deep Carbonate Well (Avg) Input into M 4 -97.9 -12.97 -107.2 -14.29 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
ET ET 0 -107.2 -14.29
Gage Moapa Gage 34,000
218 SW Outflow (California) 34,000 -107.2 -14.29
218 GW Outflow (California) 5,400 -107.2 -14.29

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

217 Hidden Valley

210 Inflow (Coyote) 0 0.0 0.00
217 E E. Hidden 0 -81.0 -10.60 99
217 W W. Hidden 400 -81.0 -10.60 100
TR Total Recharge 400 -81.0 -10.60
W Wamp Spring 1 52 Spring -81.0 -10.60
ET ET 0 -81.0 -10.60
216 GW Outflow (Garnet ) 400 -81.0 -10.60

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

216 Garnet Valley

217 Inflow (Hidden) 400 -81.0 -10.60
216 E Apex 10 -81.0 -10.60 104
216 W Las Vegas Range 390 -81.0 -10.60 105
TR Total Recharge 400 -81.0 -10.60
W Wamp Spring 1 52 Spring -81.0 -10.60

Dry Lake Valley Well 1 34 Well -97.5 -13.30
Carb Well GP Apex Well 3 17 Well -97.2 -13.53
Carb Well Unnamed Well (Near Dry Lake Range) 1 24 Well -96.0 -13.70
Carb Well US Lime Well (Genstar) 1 27 Well -97.0 -12.75
CARB Wells (Avg) 6 -96.9 -13.32 -81.0 -10.60 Inter-basin flow from Hidden Valley
ET ET 0 -81.0 -10.60
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Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

218 GW Outflow (California) 800 -81.0 -10.60

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

218 California Wash

219 Inflow (LMVW) 12,700 -98.7 -13.20
219 Inflow (Muddy) 5,400 -107.2 -14.29
216 Inflow (Garnet) 800 -81.0 -10.60
218 SW Inflow (Muddy) 34,000
218 E Moapa Paiutes 45 -82.0 -10.60 110
218 W Muddy Mtns. 55 -82.0 -10.60 111
TR Total Recharge 100 -82.0 -10.60
W Valley of Fire Well 1 31 Well -82.0 -10.60
Carb Well Calpine Test Well 1a 1 43 Well -99.0 -13.50
Carb Well Moapa Well 1 41 Well -99.0 -13.40
CARB Carbonate Well (Avg) -99.0 -13.45 -103.8 -13.82 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
ET ET 1,000 -100.3 -13.38
220 GW Outflow (Lower Moapa) 21,300 -100.3 -13.38
215 GW Outflow (Black Mtn Area) 0 -100.3 -13.38
220 SW Outflow (Lower Moapa) 30,700

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

215 Black Mountains Area

218 Inflow (California Wash) 0 -100.3 -13.38
215 NE Muddy Mtns. 100 -85.0 -10.95 113
215 SE Black Mtns. 0 -79.5 -10.65 114
215 W Gypsum Wash 0 -79.5 -10.65 112, 166
TR Total Recharge 100 -85.0 -10.95
SE Cottonwood Spring (Black Mtns.) 0 1 8 Spring -80.0 -10.80
SE Sandstone Spring 0 1 10 Spring -79.0 -10.50
NE Unnamed, Kaolin Wash 1 35 Spring -88.0 -11.30
NE Valley of Fire Well 1 31 Well -82.0 -10.60
Alluvial Sprin Bitter Spring 5 1 14 Spring -77.0 -9.90
Carb Spr Blue Point Spring 440 5 26 Spring -92.6 -12.40
Carb Spr Corral Spring (Unnamed Spring) 0 1 19 Spring -91.5 -12.10
Carb Spr Rogers Spring 1,200 3 21 Spring -91.7 -12.33
Carb Spr Scirpus Spring (No spring on Map) 0 1 20 Spring -90.0 -12.00
Carb Spr VF Spring 1 0 1 28 Spring -88.0 -11.20
Carb Spr VF Spring 2 6 1 29 Spring -92.0 -11.80
Carb Spr VF Spring 3 17 1 30 Spring -93.0 -12.20
CARB Carbonate Spr (Avg) 1,700 13 -91.3 -12.01 -85.0 -10.95 Weighted Average of Inflow from Califronia Wash plus recharge from Muddy Mountains
ET ET 0 -85.0 -10.95
999 GW Outflow (Colorado River) 100 -85.0 -10.95

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

220 Lower Moapa Valley

219 Inflow (Muddy) 21,300 -107.2 -14.29
218 SW Inflow (Muddy) 30,700
220 S Valley of Fire 0 -88.0 -11.30 101
220 N S. Mormon Mtns. 100 -88.3 -12.50 102
TR Total Recharge 100 -88.3 -12.50
N Davies Spring 1 90 Spring -89.0 -12.50
N Hackberry Spring 1 84 Spring -87.0 -12.30
N Horse Spring (Morman) 1 85 Spring -89.0 -12.70
S Unnamed, Kaolin Wash 1 35 Spring -88.0 -11.30
Carb Well EH-7 1 56 Well -91.0 -12.45
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

Carb Well EH-3 Weiser Wash 1 61 Well -91.0 -12.70
CARB Carbonate Well (Avg) 2 -91.0 -12.58 -107.2 -14.29 Inter-basin flow from Lower Meadow Valley Wash
ET ET 24,000 -107.1 -14.29
999 GW Outflow (Colorado River) 21,100 -107.1 -14.29
999 SW Outflow (Colorado River) 7,000

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

Colorado R Lake Mead (Colorado River)

210 GW Inflow (Black Mountains Area) 0 0.0 0.00
205 GW Inflow (Lower Moapa) 21,100 -107.1 -14.29
999 Groundwater Total 21,100 -107.1 -14.29

205 SW Inflow (Lower Moapa) 7,000
999 Surfacewater Total 7,000

999 Inflow Total 28,100

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

183 Lake Valley

0 Inflow (None) 0 0.0 0.00
183 NE Fortification Rng 1,426 -106.3 -14.16 49
183 NW Cen. Schell Cr. Rng 6,436 -108.1 -14.74 51
183 SE Wilson Cr. Rng. @ Atlanta 3,974 -104.7 -13.75 50
183 SW Fairview Rng. 1,165 -101.1 -13.29 60
TR Total Recharge 13,000 -106.2 -14.24
NE Indian Springs 1 375 Spring -106.3 -14.16
NW Big Spring North 700 1 211 Spring -112.0 -15.10
NW Big Spring South 1,600 1 210 Spring -111.0 -14.80
NW Geyser Spring 340 1 213 Spring -105.0 -14.50
NW North Creek Spring 1,200 1 214 Spring -105.0 -14.60
NW Patterson Pass Spring WR3 15 305  Spring -108.4 -14.95
NW Unnamed Spring in Schell Creek Range 4 304 Spring -107.3 -14.48
SE Headwaters Spring WR5 17 309 Spring -107.3 -14.57
SE Bailey Spring (Wilson Ck) 1 310 Spring -102.0 -12.93
SE Wilson Creek 1 189 Surface -97.5 -13.20 Surface Water not included in recharge average
SW Cottonwood Spring (Fairview) 1 274 Spring -102.2 -13.40
SW Lower Pony Spring 2 190 Spring -101.0 -13.25
SW Indian Spring near Steward Ranch 1 188 Spring -102.0 -13.60
SW Unnamed Spring near Pony Spring 1 191 Spring -99.0 -12.90
ET ET 9,000 -106.2 -14.24
202 GW Outflow (Patterson) 4,000 -106.2 -14.24

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

202 Patterson Valley

183 Inflow (Lake) 4,000 -106.2 -14.24
202 E Wilson Cr. Rng. @ Mt. Wilson 4,059 -97.7 -12.99 47
202 W Bristol Rng. 1,941 -99.2 -13.10 48
TR Total Recharge 6,000 -98.2 -13.03
E Bailey Spring (Wilson Ck) 1 310 Spring -102.0 -12.93
E Blue Rock Spring 1 311 Spring -93.4 -12.68
E Headwaters Spring WR5 17 309 Spring -107.3 -14.57
E Upper Tower Spring 1 312 Spring -93.3 -12.30
E Parsnip Spring 1 180 Spring -93.5 -12.80
E Horsethief Spring 2 314  Spring -97.0 -12.68
E Wilson Creek 1 189 Surface -97.5 -13.20 Surface Water not included in recharge average
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

W Deadman Spring (Highland) 2 162 Spring -95.0 -12.07
W Highland Spring 3 163  Spring -99.1 -13.36
W Lime Spring 2 160 Spring -98.5 -13.16
W Pine Spring 2 157 Spring -99.0 -13.37
W Upper Conner Spring 1 156 Spring -102.3 -13.88
W Connor Spring 1 283 Spring -100.6 -13.84
W Fox Cabin 1 273 Spring -103.5 -13.59
W Scotty Spring 1 272 Spring -98.9 -12.73
W Upper Fairview 1 280 Spring -97.7 -12.66
W Lower Fairview 1 281 Spring -97.5 -12.39
W Wildhorse Spring (Fairview) 1 183 Spring -92.5 -11.70 Evaporated so not used in recharge calculation
W McDermitt Spring 1 323 Spring -94.3 -11.21 Evaporated so not used in recharge calculation
ET ET 100 -101.4 -13.51
203 GW Outflow (Panaca) 9,900 -101.4 -13.51

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

201 Spring Valley

0 Inflow (None) 0 0.0 0.00
201 E White Rock Mtns. 5,128 -100.9 -13.52 52
201 W Wilson Cr. Rng. @ Parsnip Pk. 4,872 -97.7 -12.99 53
TR Total Recharge 10,000 -99.4 -13.26
E Barrel Spring 1 317 Spring -100.5 -13.36
E anyon Spring (Unnamed Spring in Burnt Canyon) 1 187 Spring -93.0 -12.30
E Lion Spring 1 318 Spring -103.4 -14.11
E South Monument Spring 1 319 Spring -102.3 -14.23
E Unnamed Spring nr Redd's Cabin Summit 2 173  Spring -94.4 -12.44
E Ripgut Sp #40 1 411 Spring -106.4 -14.38
E Unnamed Spring #1(White Rock Mts) 1 415 Spring -109.6 -15.05
E Unnamed Spring #2 (White RockMts) 1 417 Spring -97.0 -13.00
E Upper Burnt Canyon Spring 1 416 Spring -97.6 -12.83
E Upper Burnt Canyon Spring #2 1 416 Spring -103.6 -13.66
E Tobe Spring 1 315 Spring -100.0 -13.04
E Tobe Spring 2 1 316 Spring -93.6 -12.09
E Unnamed Spring in Miller Canyon 1 313 Spring -103.7 -14.27
E Headwaters Spring WR5 17 309 Spring -107.3 -14.57
W Blue Rock Spring 1 311 Spring -93.4 -12.68
W Headwaters Spring WR5 17 309 Spring -107.3 -14.57
W Bailey Spring (Wilson Ck) 1 310 Spring -102.0 -12.93
W Horsethief Spring 2 314  Spring -97.0 -12.68
W Parsnip Spring 1 180 Spring -93.5 -12.80
W Upper Tower Spring 1 312 Spring -93.3 -12.30
Surface Camp Creek 1 184 Surface -102.0 -14.00 Surface Water not included in recharge average
Surface MVW above Eagle Canyon 1 168 Surface -93.0 -12.00 Surface Water not included in recharge average
ET ET 10,000 -99.4 -13.26
200 GW Outflow (Eagle) 0 -99.4 -13.26

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

200 Eagle Valley

201 Inflow (Spring) 0 -99.4 -13.26
200 E E. Eagle (Ursine) Valley 1,186 -99.1 -13.28 63
200 W W. Eagle (Ursine) Valley 160 -97.0 -12.68 64
TR Total Recharge 1,300 -98.9 -13.20
E Tobe Spring 1 315 Spring -100.0 -13.04
E Tobe Spring 2 1 316 Spring -93.6 -12.09
E Butcher Spring 1 424 Spring -103.2 -14.22
E Newels Spring 1 423 Spring -96.0 -12.48
E Ox Valley Spring 1 422 Spring -100.0 -13.95
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

E Unnamed Spring #2 (Mahogany Mts) 1 421 Spring -100.7 -13.47
E Water Canyon Spring (Mahogany) 1 420 Spring -100.4 -13.68
W Horsethief Spring 2 314  Spring -97.0 -12.68
ET ET 1,000 -98.9 -13.20
199 GW Outflow (Rose) 300 -98.9 -13.20

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

199 Rose Valley

200 Inflow (Eagle) 300 -98.9 -13.20
199 E E. Rose Valley 24 -99.1 -13.28 65
199 W W. Rose Valley 7 -97.0 -12.68 66
TR Total Recharge 0 -98.6 -13.14
E Butcher Spring 0 424 Spring -103.2 -14.22
E Newels Spring 1 423 Spring -96.0 -12.48
E Ox Valley Spring 0 422 Spring -100.0 -13.95
E Unnamed Spring #2 (Mahogany Mts) 0 421 Spring -100.7 -13.47
E Water Canyon Spring (Mahogany) 0 420 Spring -100.4 -13.68
E Tobe Spring 1 315 Spring -100.0 -13.04
E Tobe Spring 2 1 316 Spring -93.6 -12.09
W Horsethief Spring 2 314  Spring -97.0 -12.68
ET ET 100 -98.9 -13.20
198 GW Outflow (Dry) 200 -98.9 -13.20

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

198 Dry Valley

199 Inflow (Rose) 200 -98.9 -13.20
198 E E. Dry Valley 1,478 -96.9 -12.99 67
198 W W. Dry Valley 0 -97.0 -12.68 68
TR Total Recharge 1,500 -96.9 -12.99
E Kiln Spring 1 418 Spring -91.9 -12.34
E Summit Spring (Mahogany Mts.) 1 419 Spring -92.1 -12.04
E Newels Spring 1 423 Spring -96.0 -12.48
E Ox Valley Spring 0 422 Spring -100.0 -13.95
E Unnamed Spring #2 (Mahogany Mts) 0 421 Spring -100.7 -13.47
E Water Canyon Spring (Mahogany) 0 420 Spring -100.4 -13.68
W Horsethief Spring 2 314  Spring -97.0 -12.68
Warm Spring Flatnose Spring  (Unnamed Spring) 1 153 Spring -101.0 -13.40 -98.9 -13.20 Inter-basin flow from Dry Valley
Spring Delmues Spring (Unnamed Spring) 1 149 Spring -104.0 -13.40 Local Valley spring not included in recharge calculation
ET ET 1,000 -97.1 -13.02
203 GW Outflow (Panaca) 700 -97.1 -13.02

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

204 Clover Valley

0 Inflow (None) 0 0.0 0.00
204 N South of Beaver Dam 868 -92.2 -12.42 71
204 S North of Jack's Mtn 927 -92.0 -12.52 72
TR Total Recharge 1,800 -92.1 -12.47
N Acoma Well 1 118 Well -95.0 -12.60
N Cave Spring (Clover) 2 247 Spring -92.8 -12.37
N Clover Creek Valley Well 246 1 120 Well -89.0 -12.40
N Ramone Mathews Well 1 115 Well -92.0 -12.30
S Big Spring (Clover) 2 253 Spring -93.6 -12.89
S East Settling Spring 1 248 Spring -92.2 -12.76
S Ella Spring 1 251 Spring -95.8 -12.56
S Little Springs (Clover Mts) 2 254  Spring -93.3 -12.81
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

S Quaking Aspen Spring 1 255 Spring -93.6 -12.98
S Sheep Spring (Clover) 2 108 Spring -88.8 -12.03
S Unnamed Spring 1 113 Spring -86.5 -11.60
Alluvial Well Clover Creek Valley Well 232 1 114 Well -84.0 -11.70
ET ET 0 -92.1 -12.47
205 GW Outflow (LMVW) 1,800 -92.1 -12.47

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

203 Panaca Valley

202 Inflow (Patterson) 9,900 -101.4 -13.51
198 Inflow (Dry) 700 -97.1 -13.02
203 E Condor Canyon 564 -92.0 -12.19 69
203 W Cathedral Gorge 1,337 -98.9 -13.28 70
TR Total Recharge 1,900 -96.8 -12.95
W Connor Spring 1 283 Spring -100.6 -13.84
W Deadman Spring (Highland) 2 162 Spring -95.0 -12.07
W Highland Spring 3 163  Spring -99.1 -13.36
W Lime Spring 2 160 Spring -98.5 -13.16
W Pine Spring 2 157 Spring -99.0 -13.37
W Upper Conner Spring 2 156 Spring -101.2 -13.87
E Kiln Spring 1 418 Spring -91.9 -12.34
E Summit Spring (Mahogany Mts.) 1 419 Spring -92.1 -12.04
Warm Bennett Spring 20 1 141 Spring -103.0 -13.70 -101.4 -13.51 Inter-basin flow from Patterson Valley
Warm Caliente Hot Springs (Hotel) 0 8 129 Spring -107.9 -14.44 -106.2 -14.24 Inter-basin flow from Lake Valley
Warm Panaca Spring 7700 13 144  Spring -106.9 -14.14 -106.2 -14.24 Inter-basin flow from Lake Valley
Surface Meadow Valley Wash, Cal. 1 130 Surface -97.0 -13.10
Warm Lester Mathews Well 1 142 Well -103.0 -13.30
Warm Panaca Town Well 1 143 Well -106.0 -14.00
Warm North Lee Well 1 147 Well -101.0 -13.30
ET ET 2,000 -100.5 -13.40
205 GW Outflow (LMVW) 12,500 -100.5 -13.40

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

205 Lower Meadow Valley Wash

203 Inflow (Panaca) 12,500 -100.5 -13.40
204 Inflow (Clover) 1,800 -92.1 -12.47
205 NW Delamar Mtns. 713 -92.2 -12.28 92
205 NE Clover Mountains 589 -90.4 -12.25 93
205 SW Meadow Valley Mtns. 0 -87.4 -11.92 94
205 SE Mormon Mtns. 146 -88.3 -12.50 95
TR Total Recharge 1,400 -91.1 -12.29
NE Big Spring (Clover) 2 253 Spring -93.6 -12.89
NE East Settling Spring 1 248 Spring -92.2 -12.76
NE Ella Spring 1 251 Spring -95.8 -12.56
NE Garden Spring 1 246 Spring -87.0 -11.54
NE Kershaw-Ryan Spring #1 1 250 Spring -95.1 -13.11
NE Sheep Spring (Clover) 2 108 Spring -88.8 -12.03
NE Unnamed Spring 1 113 Spring -86.5 -11.60
NE Unnamed Spring (Clover) 1 249 Spring -88.0 -12.20
NE Garden Spring 1 246 Spring -87.0 -11.54
NW Abandoned Spring 1 266 Spring -94.5 -12.32
NW Grassy Spring 3 117 Spring -88.7 -11.08 Evaporated so not used in recharge calculation
NW Buckboard Spring 1 264 Spring -88.2 -11.71
NW Cottonwood Spring (Delamar) 1 265 Spring -96.9 -12.87
NW Bishop Spring 3 107 Spring -87.2 -11.72
NW Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
NW Lower Chokecherry Spring 1 261 Spring -98.4 -12.98
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

NW Lower Indian Spring 1 267 Spring -96.0 -12.62
NW Narrow Canyon Spring 1 257 Spring -92.5 -12.47
NW Oak Spring 1 269 Spring -90.0 -11.87
NW Red Rock Spring 1 256 Spring -95.0 -12.30
NW Willow Spring (KSV-1) 4 92 Spring -88.4 -11.60
NW Sawmill Spring  (Delamar Range) 1 259 Spring -88.7 -12.58
NW Sawmill Spring West 1 258 Spring -91.8 -12.86
NW Unnamed Chokecherry Spring 1 263 Spring -98.1 -12.54
NW Upper Chokecherry Spring 1 262 Spring -98.9 -12.96
NW Willow Spring 2 (So.of Oak Sps.summit) 1 260 Spring -91.2 -11.69
NW Upper Indian Spring 1 268 Spring -88.0 -11.46
NW Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
SW Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
SE Davies Spring 1 90 Spring -89.0 -12.50
SE Horse Spring (Morman) 1 85 Spring -89.0 -12.70
SE Hackberry Spring 1 84 Spring -87.0 -12.30
Warm Kershaw-Ryan Spring #1 1 250 Spring -95.1 -13.11 -99.4 -13.28 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
Warm EH-6 Weiser Wash 1 59 Well -99.5 -13.90
Warm EH-8 Weiser Wash 1 57 Well -96.5 -13.70
Alluvial Well Railroad Well (Farrier, NV) 1 80 Well -97.5 -12.50
ET ET 1,000 -98.7 -13.20
206 GW Outflow (Upper Moapa) 0 -98.7 -13.20
218 GW Outflow (California Wash) 12,700 -98.7 -13.20

XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

175 Long Valley

0 Inflow (None) 0 0.0 0.00
175 SE Butte Mtn. (S) 2,379 -119.6 -15.53 35
175 SW Alligator Rdg. 2,501 -121.7 -15.85 36
175 NW Maverick Springs 3,911 -123.9 -16.23 37
175 NE Butte Mtn. (N) 1,509 -119.2 -15.36 164
TR Total Recharge 10,300 -121.7 -15.85
SE Butte Spring 1 327  Spring -120.4 -15.79
SE Cabin Spring 1 328  Spring -124.4 -15.89
SE Robbers Roost #2 Spring (Butte) 1 340  Spring -112.0 -14.39
SE Deer Spring (Butte) 1 332 Spring -114.1 -14.74
SE Summit Spring 1 348  Spring -120.8 -15.94
SE Thirty Mile Spring 1 242 Spring -126.0 -16.40
NW Mud Spring (Buck Mts) 1 339  Spring -117.6 -15.21
NW Ram. Res. Wtr Supply Well 1 244 Well -129.5 -16.75
NW Unnamed Near Little Willow Spring 1 351  Spring -125.9 -17.04
NW Well at Alligator Ridge 1 243 Well -127.0 -16.60
NW Woodchuck Spring 1 356  Spring -119.6 -15.55
NE White Rock Spring (Butte) 1 355  Spring -119.2 -15.36
ET ET 2,000 -121.7 -15.85
174 GW Outflow (Jakes) 8,300 -121.7 -15.85

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

174 Jakes Valley

175 Inflow (Long) 8,300 -121.7 -15.85
174 E Egan Range 5,404 -118.4 -15.31 33
174 W North White Pine 11,596 -120.3 -15.83 34
TR Total Recharge 17,000 -119.7 -15.66
W Tunnel Spring 1 366  Spring -118.3 -15.02
W Aspen Springs North 1 349  Spring -119.3 -15.84
W Aspen Springs South 1 324  Spring -120.9 -16.02
W Chicken Spring 1 330  Spring -122.0 -16.17
W Circle Wash Spring 1 331  Spring -114.5 -15.30
W Sage Hen Spring 1 342  Spring -112.4 -14.76
W Sand Spring 1 239 Spring -123.0 -16.20
W Shellback Spring 1 344  Spring -123.6 -16.54
W Unnamed Hayden Canyon Spring 1 350  Spring -120.9 -15.69
W Unnamed Shellback Ridge Spring 1 352  Spring -123.6 -16.18
W Wild Horse Spring (White Pine) 1 240 Spring -129.0 -16.80
W Unnamed Stone Cabin Spring 2 354  Spring -116.2 -15.39
W/E Indian Spring (Butte) 1 334  Spring -119.1 -15.31
W/E Sammy Spring 1 343  Spring -117.6 -15.30
W Upper Illipah Crk 2 238 Surface -123.5 -16.10 Not used in W average
ET ET 0 -119.7 -15.66
207N GW Outflow (NWRV) 25,300 -120.3 -15.72

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

180 Cave Valley

0 Inflow (None) 0 0.0 0.00
180 E S. Schell Cr. Rng 6,220 -105.0 -14.28 43,44
180 W S. Egan Rng 7,780 -107.8 -14.28 45,46

Reconnaissance Series Water Budget
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

TR Total Recharge 14,000 -106.6 -14.28
E North Creek Spring 1 214 Spring -105.0 -14.60
E Patterson Pass Spring WR3 15 305  Spring -108.4 -14.95
E Unnamed Spring in Schell Creek Range 4 304 Spring -107.3 -14.48
E Sheep Spring (Schell Ck) 1 212 Spring -99.5 -13.70
E Robbers Roost Spring (Schell Ck) 1 389 Spring -109.7 -14.75
E Sidehill Spring 1,600 2 200 Spring -100.4 -13.21
W Big Spring (Egan) 4 206 Spring -105.5 -13.90
W Chimney Rock Spring 2 219 Spring -110.5 -14.52
W Haggerty Spring 1 387 Spring -109.6 -14.78
W Granite Spring 1 440 Spring -103.4 -13.32
W Hole in the Bank Spring 1 386 Spring -114.9 -15.37
W Silver Spring 2 385 Spring -111.4 -14.71
W Shingle Spring 2 203 Spring -103.7 -13.33
W Perry Sp Barcass 37 1 408 Spring -107.7 -15.04
W Trough Spring 1 413 Spring -103.6 -13.56
ET ET 200 -106.6 -14.28
 Well 180W902 1 601 Deep Well -104.7 -14.12
 Well 180W501 1 600 Deep Well -105.6 -14.12
181 GW Outflow (Dry Lake) 0 -106.6 -14.28
207S GW Outflow (SWRV) 13,800 -106.6 -14.28

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207N North White River Valley

174 Inflow (Jakes) 25,300 -120.3 -15.72
207 NE Egan Rng North 13,009 -112.4 -15.14 38
207 NW White Pine Rng. 12,727 -115.0 -15.18 39, 40
TR Total Recharge 25,700 2 -113.7 -15.16
NE on Creek Spring (Unnamed Spring in Gubler Canyon) 1 235 Spring -111.0 -14.90
NE Hole in the Bank Spring 1 386 Spring -114.9 -15.37
NE Lone Pine Spring 3 223 Spring -110.2 -14.90
NE North Spring 1 237 Spring -113.0 -15.00
NE High Springs 1 433 Spring -113.4 -15.43
NE Lion Spring (Egan Range) 1 430 Spring -114.8 -15.34
NE Mud Spring 1 446 Spring -111.0 -14.53
NE Pine Springs (Egan Range) 1 434 Spring -116.0 -15.71
NE Unnamed Spring #1(Egan) 1 435 Spring -112.2 -15.14
NE Unnamed Spring #2 (Egan Range) 1 436 Spring -110.0 -15.14
NE Unnamed Spring #3 (Egan Range) 1 437 Spring -110.2 -15.07
NE Unnamed Spring #4 (Egan Range) 1 438 Spring -114.0 -15.37
NE Unnamed Spring #5 (Egan Range) 1 445 Spring -109.6 -14.72
NE Second Sawmill Spring 1 222 Spring -110.0 -14.70
NE South Spring (Egan) 2 236 Spring -111.5 -15.12
NE Upper Terrace Spring WR2 14 270 Spring -114.0 -15.42
NE Water Canyon Spring 1 358 Spring -114.4 -15.60
NE Lund Spring 1 221 Spring -113.0 -15.40 Local Valley spring not included in recharge calculation
NE Water Canyon 2 233 Surface -116.0 -15.25 Surface Water not included in recharge average
NW Big Tom Plain Spring 1 326  Spring -121.1 -15.92
NW Deer Spring (White Pine) 2 322  Spring -119.3 -15.87
NW Unnamed Spring #1 (White Pine) 1 359  Spring -114.8 -15.36
NW Unnamed Spring #2 (White Pine) 1 360  Spring -114.9 -15.66
NW Unnamed Spring #3 (White Pine) 1 361  Spring -113.1 -14.96
NW Unnamed Spring #4 (White Pine) 1 362  Spring -116.3 -15.01
NW Unnamed Spring #5 (White Pine) 3 363  Spring -116.0 -15.36
NW Unnamed Spring #6 (White Pine) 1 364  Spring -115.1 -14.98
NW Easter Spring 1 365  Spring -119.4 -15.56
NW Halfway Spring (RS) 2 429 Spring -108.7 -13.52
NW Little Tom Plain Spring 2 337  Spring -121.0 -15.86
NW Monitoring Spring WR1 14 320 Spring -113.7 -15.58
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

NW Saddle Spring (White Pine) 3 357 Spring -116.8 -15.45
NW Secret Spring 1 220 Spring -110.0 -14.00
NW Unnamed Spring below Currant Mtn 1 226 Spring -107.0 -14.00
NW Stove Spring 1 347  Spring -114.5 -15.71
NW med Spring in dry creek bed (White Pine Range) 1 321 Spring -113.6 -15.31
NW Snowmelt Below Duckwater Peak 5,700 1 224 Surface -105.0 -14.10 Surface Water not included in recharge average
NW Little Currant Creek 1 217 Surface -113.0 -15.00 Surface Water not included in recharge average
Warm Cold Spring, Preston 1,000 2 230 Spring -123.5 -15.80
Warm Nicholas Spring 2,000 1 227 Spring -124.0 -16.10
Warm Preston Big Spring 5,900 11 231  Spring -122.0 -15.88
Warm Discharge Warm Sprs (Avg) 8,900 14 -122.6 -15.92 -120.3 -15.72 Inter-basin flow from Jakes Valley

ET ET 22,000 -113.7 -15.16
207S GW Outflow (SWRV) 29,000 -119.5 -15.65

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

207S South White River Valley WRV Tot Recharge
38,000

207N Inflow (N White River) 29,000 -119.5 -15.65
180 Inflow (Cave) 13,800 -106.6 -14.28
207 SE Egan Rng South 6,529 -106.9 -14.15 41
207 SW Grant Rng 5,735 -106.5 -14.23 42
TR Total Recharge 12,300 -106.7 -14.18
E Chimney Rock Spring 2 219 Spring -110.5 -14.52
E Granite Spring 1 440 Spring -103.4 -13.32
E Haggerty Spring 1 387 Spring -109.6 -14.78
E Silver Spring 2 385 Spring -111.4 -14.71
E Big Spring (Egan) 4 206 Spring -105.5 -13.90
E Shingle Spring 2 203 Spring -103.7 -13.33
E Perry Sp Barcass 37 1 408 Spring -107.7 -15.04
E Trough Spring 1 413 Spring -103.6 -13.56
E Butterfield Spring 4,000 1 202 Spring -105.0 -14.20 local Valley spring not included in recharge calculation
E Emigrant Spring 1,900 2 207 Spring -107.8 -14.50 local Valley spring not included in recharge calculation
E Flag Spring #3 1 201 Spring -105.0 -14.30 local Valley spring not included in recharge calculation
SW Albert Spring 1 204 Spring -107.0 -13.95
SW Big Spring (Grant) 1 194 Spring -112.0 -15.20
SW Brady Spring 2 282 Spring -109.5 -15.38
SW Forest Home Spring (Unnamed Spring) 1 195 Spring -108.5 -14.50
SW Horse Spring (Grant) 1 370  Spring -99.5 -12.86
SW Teaspoon Spring 1 371  Spring -100.0 -13.26
SW Wiregrass Spring (Grant) 1 372  Spring -101.4 -13.29
SW Murphy Spring 1 373  Spring -114.5 -15.40
SW Little Spring (Grant Range) 1 369  Spring -99.4 -12.48 Evaporated so not used in recharge calculation
Warm Hot Creek Campground Well 0 1 198 Well -118.0 -15.30
Warm Hot Creek Springs 10,000 10 197  Spring -118.9 -15.69
Warm Moon River Spring 2,800 1 192 Spring -120.0 -15.80
Warm Moorman Spring 400 1 205 Spring -119.0 -15.70
Warm Discharge Warm Sprs (Avg) 13,200 -119.2 -15.71 -119.5 -15.65 Inter-basin flow from Northern White River Valley
ET ET 13,000 -107.2 -14.24
208 GW Outflow (Pahroc) 42,100 -115.3 -15.21
208 GW Outflow (Garden Valley) 0 -115.3 -15.21

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXXX

172 Garden Valley

172 Inflow (None) 0 -115.3 -15.21
172 SW Quinn Canyon Range 5,348 -104.6 -14.08 170,171
172 NW Grant Range 3,502 -106.5 -14.27 170,171
172 NE Golden Gate Rng 428 -98.0 -13.30 55
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

172 SE Worthington Mountains 723 -98.0 -13.30 56
TR Total Recharge 10,000 -104.5 -14.06
SW Unnamed Spring #7 (Quinn) 1 367  Spring -105.9 -14.23
SW Unnamed Spring #8 (Quinn) 1 368  Spring -104.4 -14.18
SW Adaven Spring 2 177 Spring -105.3 -14.01
SW Lower Little Cherry Cr Spring 1 182 Spring -103.0 -13.90
SW Carpenter Spring 1 171 Spring -95.0 -11.85 Evaporated so not used in recharge calculation
NW Big Spring (Grant) 1 194 Spring -112.0 -15.20
NW Brady Spring 2 282 Spring -109.5 -15.38
NW Forest Home Spring (Unnamed Spring) 1 195 Spring -108.5 -14.50
NW Horse Spring (Grant) 1 370  Spring -99.5 -12.86
NW Teaspoon Spring 1 371  Spring -100.0 -13.26
NW Wiregrass Spring (Grant) 1 372  Spring -101.4 -13.29
NW Murphy Spring 1 373  Spring -114.5 -15.40
NW Little Spring (Grant Range) 1 369  Spring -99.4 -12.48 Evaporated so not used in recharge calculation
SE The Seeps (Spring) 1 136 Spring -98.0 -13.30
ET ET 2,000 -104.5 -14.06
171 GW Outflow (Coal) 8,000 -104.5 -14.06

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

171 Coal Valley

172 Inflow (Garden) 8,000 -104.5 -14.06
172 Inflow (SWRV) 0 -115.3 -15.21
171 E Seaman Rng 631 -98.2 -12.87 75
171 W Golden Gate Rng 1,369 -99.0 -13.13 76
TR Total Recharge 2,000 -98.7 -13.05
W Cold Spring 1 288 Spring -98.9 -12.98
W Henry Spring 1 287 Spring -97.4 -12.77
W Little Cut Spring 2 286  Spring -98.3 -12.85
E Seaman Spring 1 306 Spring -99.0 -13.13
Carb Well USGS-MX C.V. Well (CV-DT-1) 2 176 Well -109.0 -14.56 -104.5 -14.06 Underflow from Garden Valley
ET ET 0 -98.7 -13.05
208 GW Outflow (Pahranagat) 10,000 -103.4 -13.85

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

208 Pahroc Valley

207S Inflow (S. White River) 42,100 -115.3 -15.21
171 Inflow (Coal) 0 0.0 0.00
208 E N. Pahroc Rng. 1,019 -94.2 -12.42 73
208 W Seaman Rng. 1,181 -99.0 -13.13 74
TR Total Recharge 2,200 2 -96.8 -12.80
E Black Rock Spring 2 158 Spring -93.8 -12.31
E Coyote Spring 2 169 Spring -95.1 -12.53
E Hamilton Spring 1 298 Spring -93.1 -11.76
E Little Boulder Spring 1 301 Spring -97.2 -13.06
E Mustang Spring 2 135 Spring -90.5 -12.49
E Pahroc Spring 3 131  Spring -92.2 -12.65
E Rattlesnake Spring 1 302 Spring -97.3 -12.65
E Unnamed Spring--nr Blackrock 1 299 Spring -94.3 -11.90
W Seaman Spring 1 306 Spring -99.0 -13.13
Evaporated White Rock Spring (Seaman Range) 1 154 Spring -90.0 -12.10 Evaporated not used in recharge calculation
ET ET 0 -96.8 -12.80
209 GW Outflow (Pahranagat) 44,300 -114.4 -15.09

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

209 Pahranagat Valley
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

208 Inflow (Pahroc) 44,300 -114.4 -15.09
171 Inflow (Coal) 10,000 -103.4 -13.85
209 Inflow (Delamar) 6,200 -97.7 -12.96
209 E S. Pahroc Rng. 528 -94.9 -12.83 77, 78
209 W Mt. Irish/Pahranagat Rng. 1,272 -98.4 -14.24 79, 80 (172, 173)
TR Total Recharge 1,800 -97.4 -13.83
E Eightmile Spring 2 295 Spring -95.6 -13.09
E Gulch Spring(Unnamed Spring in Hells Acres Gulch) 1 109 Spring -93.0 -12.30
E Sixmile Spring 1 112 Spring -93.4 -13.06
E Twin Spring 1 294 Spring -97.4 -13.24
E named Spring in Road(South Pahroc Range) 1 303 Spring -96.7 -13.07
E Unnamed Spring nr Six Mile seep 1 296 Spring -94.5 -12.62
E Water Tank 0.4mi West of Sixmile 1 297 Spring -93.8 -12.44
S Maynard Lake Spring (Unnamed Spring) 1 94 Spring -94.0 -12.30 Local Valley spring not included in recharge calculation
W Reed Spring 1 289 Spring -98.4 -14.24
Warm Ash Springs 12400 6 110 Spring -109.1 -14.11
Warm Little Ash Spring (Ash Spring) 500 1 111 Spring -107.2 -14.20
Warm Crystal Springs 8,200 17 116  Spring -108.8 -14.41
Warm Hiko Spring 4,300 7 122 Spring -108.7 -14.39
Warm Discharge Warm Springs (Avg) 25,400 31 -108.9 -14.26 -114.4 -15.09 Inter-basin flow from Pahroc Valley
ET ET 25,000 -109.9 -14.61
Well 209M-1 1 608 Deep Well -104.7 -13.53 -114.4 -15.09 Inter-basin flow from Pahroc Valley
210 GW Outflow (Coyote Spr) 37,300 -110.9 -14.67

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

181 Dry Lake Valley

180 Inflow (None) 0 0.0 0.00
181 NW S. Schell Ck Range 854 -100.4 -13.21 59
181 SW N. Pahroc Rng. 124 -94.2 -12.42 57
181 NE Fairview Rng. 1,180 -99.5 -12.89 58
181 E Bristol/Highland Rng. 2,567 -98.9 -13.28 61
181 SE Burnt Springs Rng. 274 -94.6 -12.36 62
TR Total Recharge 5,000 -98.9 -13.10
E Deadman Spring (Highland) 2 162 Spring -95.0 -12.07
E Highland Spring 3 163  Spring -99.1 -13.36
E Lime Spring 2 160 Spring -98.5 -13.16
E Pine Spring 2 157 Spring -99.0 -13.37
E Connor Spring 1 283 Spring -100.6 -13.84
E Upper Conner Spring 2 156 Spring -101.2 -13.87
SE Red Rock Spring 1 256 Spring -95.0 -12.30
SE Abandoned Spring 1 266 Spring -94.5 -12.32
SE Buckboard Spring 1 264 Spring -88.2 -11.71
SE Cottonwood Spring (Delamar) 1 265 Spring -96.9 -12.87
SE Lower Chokecherry Spring 1 261 Spring -98.4 -12.98
SE Oak Spring 1 269 Spring -90.0 -11.87
SE Unnamed Chokecherry Spring 1 263 Spring -98.1 -12.54
SE Upper Chokecherry Spring 1 262 Spring -98.9 -12.96
SE Willow Spring 2 (So.of Oak Sps.summit) 1 260 Spring -91.2 -11.69
NE Bailey Spring (Fairview) 2 277 Spring -98.2 -12.69
NE Cottonwood Spring (Fairview) 1 274 Spring -102.2 -13.40
NE Littlefield Spring 1 275 Spring -98.5 -12.73
NE Lower Pony Spring 2 190 Spring -101.0 -13.25
NE Meloy Spring 1 276 Spring -99.8 -12.75
NE Scotty Spring 1 272 Spring -98.9 -12.73
NE Indian Spring near Steward Ranch 1 188 Spring -102.0 -13.60
NE Unnamed Spring near Pony Spring 1 191 Spring -99.0 -12.90
NE Fence Spring 1 278 Spring -97.4 -12.55
NE Fox Cabin 1 273 Spring -103.5 -13.59
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

NE Lower Fairview 1 281 Spring -97.5 -12.39
NE Robison Spring 1 279 Spring -97.9 -12.34
NE Upper Fairview 1 280 Spring -97.7 -12.66
SW Black Rock Spring 2 158 Spring -93.8 -12.31
SW Coyote Spring 2 169 Spring -95.1 -12.53
SW Hamilton Spring 1 298 Spring -93.1 -11.76
SW Little Boulder Spring 1 301 Spring -97.2 -13.06
SW Mustang Spring 2 135 Spring -90.5 -12.49
SW Pahroc Spring 3 131  Spring -92.2 -12.65
SW Rattlesnake Spring 1 302 Spring -97.3 -12.65
SW Unnamed Spring--nr Blackrock 1 299 Spring -94.3 -11.90
NW Sidehill Spring 1,600 2 200 Spring -100.4 -13.21
Evaporated Grassy Spring 3 117 Spring -88.7 -11.08 Evaporated so not used in recharge calculation
Evaporated Wildhorse Spring (Fairview) 1 183 Spring -92.5 -11.70 Evaporated so not used in recharge calculation
Carb Well Fugro Dry Lake V Deep Well 2 179 Well -107.5 -14.16 -98.9 -13.10 Local Recharge
Carb Well 181M1 1 603 Deep Well -105.0 -13.67 -98.9 -13.10 Local Recharge
Carb Well 181W909M 1 604 Deep Well -104.6 -13.50 -98.9 -13.10 Local Recharge
ET ET 0 -98.9 -13.10
209 GW Outflow (Pahranagat) 0 -98.9 -13.10
182 GW Outflow (Delamar) 5,000 -98.9 -13.10

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

182 Delamar Valley

181 Inflow (Dry Lake) 5,000 -98.9 -13.10
182 E Delamar Mtns. 1,037 -92.5 -12.32 81
182 W S. Pahroc Rng. 163 -94.6 -12.81 82
TR Total Recharge 1,200 -92.7 -12.38
E Abandoned Spring 1 266 Spring -94.5 -12.32
E Red Rock Spring 1 256 Spring -95.0 -12.30
E Oak Spring 1 269 Spring -90.0 -11.87
E Upper Chokecherry Spring 1 262 Spring -98.9 -12.96
E Upper Indian Spring 1 268 Spring -88.0 -11.46
E Lower Indian Spring 1 267 Spring -96.0 -12.62
E Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
E Narrow Canyon Spring 1 257 Spring -92.5 -12.47
E Bishop Spring 3 107 Spring -87.2 -11.72
E Buckboard Spring 1 264 Spring -88.2 -11.71
E Cottonwood Spring (Delamar) 1 265 Spring -96.9 -12.87
E Lower Chokecherry Spring 1 261 Spring -98.4 -12.98
E Sawmill Spring (Delamar Range) 1 259 Spring -88.7 -12.58
E Sawmill Spring West 1 258 Spring -91.8 -12.86
E Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
E Unnamed Chokecherry Spring 1 263 Spring -98.1 -12.54
E Willow Spring 2 (So.of Oak Sps.summit) 1 260 Spring -91.2 -11.69
W Pahroc Spring 3 131  Spring -92.2 -12.65
W Gulch Spring(Unnamed Spring in Hells Acres Gulch) 1 109 Spring -93.0 -12.30
W Sixmile Spring 1 112 Spring -93.4 -13.06
W Eightmile Spring 2 295 Spring -95.6 -13.09
W Twin Spring 1 294 Spring -97.4 -13.24
W named Spring in Road(South Pahroc Range) 1 303 Spring -96.7 -13.07
W Unnamed Spring nr Six Mile seep 1 296 Spring -94.5 -12.62
W Water Tank 0.4mi West of Sixmile 1 297 Spring -93.8 -12.44
Evaporated Grassy Spring 3 117 Spring -88.7 -11.08 Evaporated so not used in recharge calculation
ET ET 0 -92.7 -12.38
Well 182W906M 1 607 Deep Well -100.3 -13.33 -98.9 -13.10 Inter-basin flow from Dry Lake Valley
209 GW Outflow (Pahranagat) 6,200 -97.7 -12.96
210 GW Outflow (Coyote Spr) 0 -97.7 -12.96

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX
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Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

206 Kane Springs Valley

0 Inflow (None) 0 0.0 0.00
206 W Delamar Mtns. 563 -89.0 -12.22 90
206 E Meadow Valley Mtns. 0 -87.4 -11.92 91
TR Total Recharge 600 -89.0 -12.22
E Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
W Sawmill Spring (Delamar Range) 1 259 Spring -88.7 -12.58
W Sawmill Spring West 1 258 Spring -91.8 -12.86
W Bishop Spring 3 107 Spring -87.2 -11.72
W Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
W Kane Springs (KSV-3) 3 97 Spring -86.8 -12.13
W Narrow Canyon Spring 1 257 Spring -92.5 -12.47
W Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
W Willow Spring (KSV-1) 4 92 Spring -88.4 -11.60
ET ET 0 -89.0 -12.22
210 GW Outflow (Coyote Spr) 600 -89.0 -12.22

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

210 Coyote Springs Valley

209 Inflow (Pahranagat) 37,300 -110.9 -14.67
182 Inflow (Delamar) 0 0.0 0.00
206 Inflow (Kane Springs) 600 -89.0 -12.22
210 NE S. Delamar Mtns. 27 -89.0 -12.22 83
210 E S. Meadow Valley Mtns. 0 -87.4 -11.92 84
210 NW S. of Maynard Lake 0 -94.0 -12.30 87
210 SE Arrow Canyon Rng. 4 -81.0 -10.60 88
210 W Sheep Range 2,007 -92.7 -12.83 89
TR Total Recharge 2,000 -92.6 -12.81
W Cow Camp Spring 4 47  Spring -91.9 -12.53
W Lamb Spring 1 86 Spring -92.5 -13.15
W Mormon Well Spring 3 53 Spring -91.8 -12.67
W Rye Patch Spring 1 341  Spring -89.3 -12.31
W Sawmill Spring (Sheep) 1 58 Spring -92.0 -12.85
W Sheep Spring (Sheep Range) 1 83 Spring -96.0 -13.35
W Wiregrass Spring (Sheep) 13 49 Spring -95.1 -12.93
W White Rock Spring (Sheep) 2 64  Spring -85.5 -10.17 Evaporated not used in recharge calculation
NW Maynard Lake Spring (Unnamed Spring) 1 94 Spring -94.0 -12.30
SE Wamp Spring 1 52 Spring -81.0 -10.60
E Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
NE Bishop Spring 3 107 Spring -87.2 -11.72
NE Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
NE Kane Springs (KSV-3) 3 97 Spring -86.8 -12.13
NE Narrow Canyon Spring 1 257 Spring -92.5 -12.47
NE Sawmill Spring  (Delamar Range) 1 259 Spring -88.7 -12.58
NE Sawmill Spring West 1 258 Spring -91.8 -12.86
NE Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
NE Willow Spring (KSV-1) 4 92 Spring -88.4 -11.60
Carb Well CSVM-2 1 612 Well -97.7 -13.14
Carb Well CSVM-3 1 613 Well -98.0 -13.10
Carb Well CSVM-4 1 614 Well -102.5 -13.41
Carb Well CSVM-6 1 616 Well -100.7 -12.97
Carb Well CSI-1 1 609 Well -102.6 -13.08
Carb Well CSI-2 1 610 Well -100.2 -12.90
Carb Well CSI-3 1 611 Well -99.6 -13.03
Carb Well USGS CSV-1 1 71 Well -103.0 -13.55
Carb Well CE-VF-2 Well 2 81 Well -101.0 -13.10
Carb Well Fugro CV Deep Well CE-DT-5 3 77 Well -99.6 -12.96
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Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

Carb Well CE-DT-4 1 78 Well -102.5 -13.00
CARB Carbonate Well (Avg) 6 -100.7 -13.11 -110.5 -14.63 Flow weighted average of inter-basin flow from Pahranagat, Kane Springs, and Delamar Valleys
ET ET 500 -92.6 -12.81
219 GW Outflow (Muddy) 39,400 -109.8 -14.56
217 GW Outflow (Hidden) 0 -109.8 -14.56
216 GW Outflow (Garnet) 0 -109.8 -14.56

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

219 Upper Moapa (Muddy) Valley

205 Inflow (LMVW) 0 0.0 0.00
210 Inflow (Coyote) 39,400 -109.8 -14.56
219 S E. Arrow Canyon? 0 -87.3 -11.86 Grapevine Sp. 85
219 N Wildcat Wash 0 -87.3 -11.86 Grapevine Sp. 86
TR Total Recharge 0 -87.3 -11.86
Warm APCAR 0 1 292 Spring -98.2 -12.94
Warm Baldwin Spring 2226 9 291 Spring -97.6 -12.97
Warm Big Muddy Spring 5500 6 69 Spring -97.9 -12.89
Warm Iverson's Spring 0 1 65 Spring -97.0 --
Warm Jones Spring Pumphouse 0 6 292  Spring -97.9 -13.05
Warm M-8 Spring (Unnamed Spring) 0 1 68 Spring -99.0 -12.75
Warm M-9 Spring (Unnamed Spring) 200 1 70 Spring -96.5 -12.45
Warm Pederson's East 0 9 290 Spring -97.8 -12.98
Warm Pederson's Warm Spring (M-13) 400 15 67  Spring -97.5 -12.93
Warm Dicharge Warm Sprs (Avg) 8,300 49 -97.8 -12.90 -109.8 -14.56 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
Carb Well CE-DT-6 Well 2 72 Well -98.0 -13.03
Carb Well CSV-2 Well 2 76 Well -97.9 -12.92
CARB Deep Carbonate Well (Avg) Input into M 4 -97.9 -12.97 -109.8 -14.56 Flow weighted average of inter-basin flow from Coyote and Lower Meadow Valley Wash Valleys
ET ET 0 -87.3 -11.86
Gage Moapa Gage 34,000
218 SW Outflow (California) 34,000 -109.8 -14.56
218 GW Outflow (California) 5,400 -109.8 -14.56

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

217 Hidden Valley

210 Inflow (Coyote) 0 -109.8 -14.56
217 E E. Hidden 0 -81.0 -10.60 99
217 W W. Hidden 400 -81.0 -10.60 100
TR Total Recharge 400 -81.0 -10.60
W Wamp Spring 1 52 Spring -81.0 -10.60
ET ET 0 -81.0 -10.60
216 GW Outflow (Garnet ) 400 -81.0 -10.60

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

216 Garnet Valley

217 Inflow (Hidden) 400 -81.0 -10.60
216 E Apex 10 -81.0 -10.60 104
216 W Las Vegas Range 390 -81.0 -10.60 105
TR Total Recharge 400 -81.0 -10.60
W Wamp Spring 1 52 Spring -81.0 -10.60

Dry Lake Valley Well 1 34 Well -97.5 -13.30
Carb Well GP Apex Well 3 17 Well -97.2 -13.53
Carb Well Unnamed Well (Near Dry Lake Range) 1 24 Well -96.0 -13.70
Carb Well US Lime Well (Genstar) 1 27 Well -97.0 -12.75
CARB Wells (Avg) 6 -96.9 -13.32 -81.0 -10.60 Inter-basin flow from Hidden Valley
ET ET 0 -81.0 -10.60
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218 GW Outflow (California) 800 -81.0 -10.60

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

218 California Wash

219 Inflow (LMVW) 12,700 -99.8 -13.33
219 Inflow (Muddy) 5,400 -109.8 -14.56
216 Inflow (Garnet) 800 -81.0 -10.60
218 SW Inflow (Muddy) 34,000
218 E Moapa Paiutes 45 -82.0 -10.60 110
218 W Muddy Mtns. 55 -82.0 -10.60 111
TR Total Recharge 100 -82.0 -10.60
W Valley of Fire Well 1 31 Well -82.0 -10.60
Carb Well Calpine Test Well 1a 1 43 Well -99.0 -13.50
Carb Well Moapa Well 1 41 Well -99.0 -13.40
CARB Carbonate Well (Avg) -99.0 -13.45 -106.1 -14.05 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
ET ET 1,000 -99.9 -13.3
220 GW Outflow (Lower Moapa) 21,300 -101.9 -13.57
215 GW Outflow (Black Mtn Area) 0 -101.9 -13.57
220 SW Outflow (Lower Moapa) 30,700

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

215 Black Mountains Area
218 Inflow (California Wash) 0 -101.9 -13.57
215 NE Muddy Mtns. 100 -85.0 -10.95 113
215 SE Black Mtns. 0 -79.5 -10.65 114
215 W Gypsum Wash 0 -79.5 -10.65 112, 166
TR Total Recharge 100 -85.0 -10.95
SE Cottonwood Spring (Black Mtns.) 0 1 8 Spring -80.0 -10.80
SE Sandstone Spring 0 1 10 Spring -79.0 -10.50
NE Unnamed, Kaolin Wash 1 35 Spring -88.0 -11.30
NE Valley of Fire Well 1 31 Well -82.0 -10.60
Alluvial Sprin Bitter Spring 5 1 14 Spring -77.0 -9.90
Carb Spr Blue Point Spring 440 5 26 Spring -92.6 -12.40
Carb Spr Corral Spring (Unnamed Spring) 0 1 19 Spring -91.5 -12.10
Carb Spr Rogers Spring 1,200 3 21 Spring -91.7 -12.33
Carb Spr Scirpus Spring (No spring on Map) 0 1 20 Spring -90.0 -12.00
Carb Spr VF Spring 1 0 1 28 Spring -88.0 -11.20
Carb Spr VF Spring 2 6 1 29 Spring -92.0 -11.80
Carb Spr VF Spring 3 17 1 30 Spring -93.0 -12.20
CARB Carbonate Spr (Avg) 1,700 13 -91.3 -12.01 -85.0 -10.95 Weighted Average of Inflow from Califronia Wash plus recharge from Muddy Mountains
ET ET 0 -85.0 -10.95
999 GW Outflow (Colorado River) 100 -85.0 -10.95

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

220 Lower Moapa Valley

219 Inflow (Muddy) 21,300 -101.9 -13.57
218 SW Inflow (California Wash ) 30,700
220 S Valley of Fire 0 -88.0 -11.30 101
220 N S. Mormon Mtns. 100 -88.3 -12.50 102
TR Total Recharge 100 -88.3 -12.50
N Davies Spring 1 90 Spring -89.0 -12.50
N Hackberry Spring 1 84 Spring -87.0 -12.30
N Horse Spring (Morman) 1 85 Spring -89.0 -12.70
S Unnamed, Kaolin Wash 1 35 Spring -88.0 -11.30
Carb Well EH-7 1 56 Well -91.0 -12.45
Carb Well EH-3 Weiser Wash 1 61 Well -91.0 -12.70
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CARB Carbonate Well (Avg) 2 -91.0 -12.58 -101.9 -13.57 Inter-basin flow from Lower Meadow Valley Wash
ET ET 24,000 -101.8 -13.56
999 GW Outflow (Colorado River) 19,100 -101.9 -13.57
999 SW Outflow (Colorado River) 9,000

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

Colorado R Lake Mead (Colorado River)

210 GW Inflow (Black Mountains Area) 100 -85.0 -10.95
205 GW Inflow (Lower Moapa) 19,100 -101.9 -13.57
999 Groundwater Total 19,200 -101.8 -13.55

205 SW Inflow (Lower Moapa) 9,000
999 Surfacewater Total 9,000

999 Inflow Total 28,200

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

183 Lake Valley

0 Inflow (None) 0 0.0 0.00
183 NE Fortification Rng 1,426 -106.3 -14.16 49
183 NW Cen. Schell Cr. Rng 6,436 -108.1 -14.74 51
183 SE Wilson Cr. Rng. @ Atlanta 3,974 -104.7 -13.75 50
183 SW Fairview Rng. 1,165 -101.1 -13.29 60
TR Total Recharge 13,000 -106.2 -14.24
NE Indian Springs 1 375 Spring -106.3 -14.16
NW Big Spring North 700 1 211 Spring -112.0 -15.10
NW Big Spring South 1,600 1 210 Spring -111.0 -14.80
NW Geyser Spring 340 1 213 Spring -105.0 -14.50
NW North Creek Spring 1,200 1 214 Spring -105.0 -14.60
NW Patterson Pass Spring WR3 15 305  Spring -108.4 -14.95
NW Unnamed Spring in Schell Creek Range 4 304 Spring -107.3 -14.48
SE Headwaters Spring WR5 17 309 Spring -107.3 -14.57
SE Bailey Spring (Wilson Ck) 1 310 Spring -102.0 -12.93
SE Wilson Creek 1 189 Surface -97.5 -13.20 Surface Water not included in recharge average
SW Cottonwood Spring (Fairview) 1 274 Spring -102.2 -13.40
SW Lower Pony Spring 2 190 Spring -101.0 -13.25
SW Indian Spring near Steward Ranch 1 188 Spring -102.0 -13.60
SW Unnamed Spring near Pony Spring 1 191 Spring -99.0 -12.90
ET ET 9,000 -106.2 -14.24
202 GW Outflow (Patterson) 4,000 -106.2 -14.24

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

202 Patterson Valley

183 Inflow (Lake) 4,000 -106.2 -14.24
202 E Wilson Cr. Rng. @ Mt. Wilson 4,059 -97.7 -12.99 47
202 W Bristol Rng. 1,941 -99.2 -13.10 48
TR Total Recharge 6,000 -98.2 -13.03
E Bailey Spring (Wilson Ck) 1 310 Spring -102.0 -12.93
E Blue Rock Spring 1 311 Spring -93.4 -12.68
E Headwaters Spring WR5 17 309 Spring -107.3 -14.57
E Upper Tower Spring 1 312 Spring -93.3 -12.30
E Parsnip Spring 1 180 Spring -93.5 -12.80
E Horsethief Spring 2 314  Spring -97.0 -12.68
E Wilson Creek 1 189 Surface -97.5 -13.20 Surface Water not included in recharge average
W Deadman Spring (Highland) 2 162 Spring -95.0 -12.07
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

W Highland Spring 3 163  Spring -99.1 -13.36
W Lime Spring 2 160 Spring -98.5 -13.16
W Pine Spring 2 157 Spring -99.0 -13.37
W Upper Conner Spring 1 156 Spring -102.3 -13.88
W Connor Spring 1 283 Spring -100.6 -13.84
W Fox Cabin 1 273 Spring -103.5 -13.59
W Scotty Spring 1 272 Spring -98.9 -12.73
W Upper Fairview 1 280 Spring -97.7 -12.66
W Lower Fairview 1 281 Spring -97.5 -12.39
W Wildhorse Spring (Fairview) 1 183 Spring -92.5 -11.70 Evaporated so not used in recharge calculation
W McDermitt Spring 1 323 Spring -94.3 -11.21 Evaporated so not used in recharge calculation
ET ET 100 -98.2 -13.03
203 GW Outflow (Panaca) 9,900 -101.5 -13.52

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

201 Spring Valley

0 Inflow (None) 0 0.0 0.00
201 E White Rock Mtns. 5,128 -100.9 -13.52 52
201 W Wilson Cr. Rng. @ Parsnip Pk. 4,872 -97.7 -12.99 53
TR Total Recharge 10,000 -99.4 -13.26
E Barrel Spring 1 317 Spring -100.5 -13.36
E anyon Spring (Unnamed Spring in Burnt Canyon) 1 187 Spring -93.0 -12.30
E Lion Spring 1 318 Spring -103.4 -14.11
E South Monument Spring 1 319 Spring -102.3 -14.23
E Unnamed Spring nr Redd's Cabin Summit 2 173  Spring -94.4 -12.44
E Ripgut Sp #40 1 411 Spring -106.4 -14.38
E Unnamed Spring #1(White Rock Mts) 1 415 Spring -109.6 -15.05
E Unnamed Spring #2 (White RockMts) 1 417 Spring -97.0 -13.00
E Upper Burnt Canyon Spring 1 416 Spring -97.6 -12.83
E Upper Burnt Canyon Spring #2 1 416 Spring -103.6 -13.66
E Tobe Spring 1 315 Spring -100.0 -13.04
E Tobe Spring 2 1 316 Spring -93.6 -12.09
E Unnamed Spring in Miller Canyon 1 313 Spring -103.7 -14.27
E Headwaters Spring WR5 17 309 Spring -107.3 -14.57
W Blue Rock Spring 1 311 Spring -93.4 -12.68
W Headwaters Spring WR5 17 309 Spring -107.3 -14.57
W Bailey Spring (Wilson Ck) 1 310 Spring -102.0 -12.93
W Horsethief Spring 2 314  Spring -97.0 -12.68
W Parsnip Spring 1 180 Spring -93.5 -12.80
W Upper Tower Spring 1 312 Spring -93.3 -12.30
Surface Camp Creek 1 184 Surface -102.0 -14.00 Surface Water not included in recharge average
Surface MVW above Eagle Canyon 1 168 Surface -93.0 -12.00 Surface Water not included in recharge average
ET ET 10,000 -99.4 -13.26
200 GW Outflow (Eagle) 0 -99.4 -13.26

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

200 Eagle Valley

201 Inflow (Spring) 0 -99.4 -13.26
200 E E. Eagle (Ursine) Valley 1,186 -99.1 -13.28 63
200 W W. Eagle (Ursine) Valley 160 -97.0 -12.68 64
TR Total Recharge 1,300 -98.9 -13.20
E Tobe Spring 1 315 Spring -100.0 -13.04
E Tobe Spring 2 1 316 Spring -93.6 -12.09
E Butcher Spring 1 424 Spring -103.2 -14.22

SE ROA 46776

JA_14145



Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

E Newels Spring 1 423 Spring -96.0 -12.48
E Ox Valley Spring 1 422 Spring -100.0 -13.95
E Unnamed Spring #2 (Mahogany Mts) 1 421 Spring -100.7 -13.47
E Water Canyon Spring (Mahogany) 1 420 Spring -100.4 -13.68
W Horsethief Spring 2 314  Spring -97.0 -12.68
ET ET 1,000 -98.9 -13.20
199 GW Outflow (Rose) 300 -98.9 -13.20

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

199 Rose Valley

200 Inflow (Eagle) 300 -98.9 -13.20
199 E E. Rose Valley 24 -99.1 -13.28 65
199 W W. Rose Valley 7 -97.0 -12.68 66
TR Total Recharge 0 -98.6 -13.14
E Butcher Spring 0 424 Spring -103.2 -14.22
E Newels Spring 1 423 Spring -96.0 -12.48
E Ox Valley Spring 0 422 Spring -100.0 -13.95
E Unnamed Spring #2 (Mahogany Mts) 0 421 Spring -100.7 -13.47
E Water Canyon Spring (Mahogany) 0 420 Spring -100.4 -13.68
E Tobe Spring 1 315 Spring -100.0 -13.04
E Tobe Spring 2 1 316 Spring -93.6 -12.09
W Horsethief Spring 2 314  Spring -97.0 -12.68
ET ET 100 -98.6 -13.14
198 GW Outflow (Dry) 200 -98.9 -13.20

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

198 Dry Valley

199 Inflow (Rose) 200 -98.9 -13.20
198 E E. Dry Valley 1,478 -96.9 -12.99 67
198 W W. Dry Valley 0 -97.0 -12.68 68
TR Total Recharge 1,500 -96.9 -12.99
E Kiln Spring 1 418 Spring -91.9 -12.34
E Summit Spring (Mahogany Mts.) 1 419 Spring -92.1 -12.04
E Newels Spring 1 423 Spring -96.0 -12.48
E Ox Valley Spring 0 422 Spring -100.0 -13.95
E Unnamed Spring #2 (Mahogany Mts) 0 421 Spring -100.7 -13.47
E Water Canyon Spring (Mahogany) 0 420 Spring -100.4 -13.68
W Horsethief Spring 2 314  Spring -97.0 -12.68
Warm Spring Flatnose Spring  (Unnamed Spring) 1 153 Spring -101.0 -13.40 -98.9 -13.20 Inter-basin flow from Dry Valley
Spring Delmues Spring (Unnamed Spring) 1 149 Spring -104.0 -13.40 Local Valley spring not included in recharge calculation
ET ET 1,000 -96.9 -12.99
203 GW Outflow (Panaca) 700 -97.4 -13.05

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

204 Clover Valley

0 Inflow (None) 0 0.0 0.00
204 N South of Beaver Dam 868 -92.2 -12.42 71
204 S North of Jack's Mtn 927 -92.0 -12.52 72
TR Total Recharge 1,800 -92.1 -12.47
N Acoma Well 1 118 Well -95.0 -12.60
N Cave Spring (Clover) 2 247 Spring -92.8 -12.37
N Clover Creek Valley Well 246 1 120 Well -89.0 -12.40
N Ramone Mathews Well 1 115 Well -92.0 -12.30
S Big Spring (Clover) 2 253 Spring -93.6 -12.89
S East Settling Spring 1 248 Spring -92.2 -12.76
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

S Ella Spring 1 251 Spring -95.8 -12.56
S Little Springs (Clover Mts) 2 254  Spring -93.3 -12.81
S Quaking Aspen Spring 1 255 Spring -93.6 -12.98
S Sheep Spring (Clover) 2 108 Spring -88.8 -12.03
S Unnamed Spring 1 113 Spring -86.5 -11.60
Alluvial Well Clover Creek Valley Well 232 1 114 Well -84.0 -11.70
ET ET 0 -92.1 -12.47
205 GW Outflow (LMVW) 1,800 -92.1 -12.47

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

203 Panaca Valley

202 Inflow (Patterson) 9,900 -101.5 -13.52
198 Inflow (Dry) 700 -97.4 -13.05
203 E Condor Canyon 564 -92.0 -12.19 69
203 W Cathedral Gorge 1,337 -98.9 -13.28 70
TR Total Recharge 1,900 -96.8 -12.95
W Connor Spring 1 283 Spring -100.6 -13.84
W Deadman Spring (Highland) 2 162 Spring -95.0 -12.07
W Highland Spring 3 163  Spring -99.1 -13.36
W Lime Spring 2 160 Spring -98.5 -13.16
W Pine Spring 2 157 Spring -99.0 -13.37
W Upper Conner Spring 2 156 Spring -101.2 -13.87
E Kiln Spring 1 418 Spring -91.9 -12.34
E Summit Spring (Mahogany Mts.) 1 419 Spring -92.1 -12.04
Warm Bennett Spring 20 1 141 Spring -103.0 -13.70 -101.5 -13.52 Inter-basin flow from Patterson Valley
Warm Caliente Hot Springs (Hotel) 0 8 129 Spring -107.9 -14.44 -106.2 -14.24 Inter-basin flow from Lake Valley
Warm Panaca Spring 7700 13 144  Spring -106.9 -14.14 -106.2 -14.24 Inter-basin flow from Lake Valley
Surface Meadow Valley Wash, Cal. 1 130 Surface -97.0 -13.10
Warm Lester Mathews Well 1 142 Well -103.0 -13.30
Warm Panaca Town Well 1 143 Well -106.0 -14.00
Warm North Lee Well 1 147 Well -101.0 -13.30
ET ET 2,000 -97.1 -12.98
205 GW Outflow (LMVW) 12,500 -101.2 -13.49

XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX XXXXXX

205 Lower Meadow Valley Wash

203 Inflow (Panaca) 12,500 -101.2 -13.49
204 Inflow (Clover) 1,800 -92.1 -12.47
205 NW Delamar Mtns. 713 -92.2 -12.28 92
205 NE Clover Mountains 589 -90.4 -12.25 93
205 SW Meadow Valley Mtns. 0 -87.4 -11.92 94
205 SE Mormon Mtns. 146 -88.3 -12.50 95
TR Total Recharge 1,400 -91.1 -12.29
NE Big Spring (Clover) 2 253 Spring -93.6 -12.89
NE East Settling Spring 1 248 Spring -92.2 -12.76
NE Ella Spring 1 251 Spring -95.8 -12.56
NE Garden Spring 1 246 Spring -87.0 -11.54
NE Kershaw-Ryan Spring #1 1 250 Spring -95.1 -13.11
NE Sheep Spring (Clover) 2 108 Spring -88.8 -12.03
NE Unnamed Spring 1 113 Spring -86.5 -11.60
NE Unnamed Spring (Clover) 1 249 Spring -88.0 -12.20
NE Garden Spring 1 246 Spring -87.0 -11.54
NW Abandoned Spring 1 266 Spring -94.5 -12.32
NW Grassy Spring 3 117 Spring -88.7 -11.08 Evaporated so not used in recharge calculation
NW Buckboard Spring 1 264 Spring -88.2 -11.71
NW Cottonwood Spring (Delamar) 1 265 Spring -96.9 -12.87
NW Bishop Spring 3 107 Spring -87.2 -11.72
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Region Name Volume # of Site# Site Obs. Obs. Calc. Calc. IC
Arce-ft/yr Samples Type δD δ18Ο δD δ18Ο

NW Boulder Spring (KSV-4) 4 98 Spring -89.2 -12.47
NW Lower Chokecherry Spring 1 261 Spring -98.4 -12.98
NW Lower Indian Spring 1 267 Spring -96.0 -12.62
NW Narrow Canyon Spring 1 257 Spring -92.5 -12.47
NW Oak Spring 1 269 Spring -90.0 -11.87
NW Red Rock Spring 1 256 Spring -95.0 -12.30
NW Willow Spring (KSV-1) 4 92 Spring -88.4 -11.60
NW Sawmill Spring  (Delamar Range) 1 259 Spring -88.7 -12.58
NW Sawmill Spring West 1 258 Spring -91.8 -12.86
NW Unnamed Chokecherry Spring 1 263 Spring -98.1 -12.54
NW Upper Chokecherry Spring 1 262 Spring -98.9 -12.96
NW Willow Spring 2 (So.of Oak Sps.summit) 1 260 Spring -91.2 -11.69
NW Upper Indian Spring 1 268 Spring -88.0 -11.46
NW Upper Riggs Spring WR4 5 105 Spring -87.1 -11.95
SW Grapevine Spring (KSV-2) 10 93  Spring -87.4 -11.92
SE Davies Spring 1 90 Spring -89.0 -12.50
SE Horse Spring (Morman) 1 85 Spring -89.0 -12.70
SE Hackberry Spring 1 84 Spring -87.0 -12.30
Warm Kershaw-Ryan Spring #1 1 250 Spring -95.1 -13.11 -100.0 -13.36 Weighted Average of Infterbasin flow from Garnet and Upper Moapa Valleys
Warm EH-6 Weiser Wash 1 59 Well -99.5 -13.90
Warm EH-8 Weiser Wash 1 57 Well -96.5 -13.70
Alluvial Well Railroad Well (Farrier, NV) 1 80 Well -97.5 -12.50
ET ET 1,000 -91.1 -12.29
206 GW Outflow (Upper Moapa) 0 -99.8 -13.33
218 GW Outflow (California Wash) 12,700 -99.8 -13.33

XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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APPENDIX 3. Isotopic, field parameter, and water chemistry data for all sites used in 
this study 
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Name Y X Water Temp © DO (mg/L) pH dO18 dD Ca Mg Na K Cl HCO3 SO4 SiO2 F Sample# Total REF_ID SiteType Site#  Date
Abandoned Spring 37.49914 -114.72889 10.2 7.7 7.8 -12.32 -94.5 81.0 20.0 50.0 2.3 35.2 357.0 41.8 27.8 -- 59699 1 Spring 266 03/26/04
Abandoned Spring 37.49914 -114.72889 10.2 7.7 7.8 -12.32 -94.5 81.0 20.0 50.0 2.3 35.2 357.0 41.8 27.8 -- 59699 1 Spring 266 03/26/04

Acoma Well 37.54861 -114.17306 17.0 7.7 -12.60 -95.0 38.0 5.3 21.0 7.0 17.0 149.0 10.0 54.0 0.3 244 1 GS91 Well 118 06/03/85
Acoma Well 37.54861 -114.17306 17.0 7.7 -12.60 -95.0 38.0 5.3 21.0 7.0 17.0 149.0 10.0 54.0 0.3 244 1 GS91 Well 118 06/03/85

Adaven Spring 38.13861 -115.60139 12.5 6.9 7.5 -13.95 -103.0 63.0 25.0 14.0 2.2 4.8 324.0 18.0 28.0 0.2 341 1 GS131 Spring 177 07/31/85
Adaven Spring 38.13861 -115.60139 9.9 7.1 -14.07 -107.6 358.0 340 1 IT115 Spring 177 02/03/97
Adaven Spring 38.13861 -115.60139 11.2 6.9 7.3 -14.01 -105.3 63.0 25.0 14.0 2.2 4.8 341.0 18.0 28.0 0.2 2 Spring 177

Alamo City Well #7 37.36222 -115.16833 18.5 7.6 -13.46 -101.1 61.4 56.0 96.3 13.7 54.6 454.0 188.0 59.1 1.3 205 1 IT116 Well 104 08/08/95
Alamo City Well #7 37.36222 -115.16833 18.5 7.6 -13.46 -101.1 61.4 56.0 96.3 13.7 54.6 454.0 188.0 59.1 1.3 205 1 IT116 Well 104 08/08/95

Albert Spring 38.56833 -115.36167 14.5 -13.95 -107.0 403 1 GS182 Spring 204 07/24/85
Albert Spring 38.56833 -115.36167 14.5 -13.95 -107.0 403 1 GS182 Spring 204 07/24/85

APCAR 36.71099 -114.71682 -- -- -- -12.94 -98.2 62.9 27.2 95.0 11.2 62.1 257.0 176.0 31.6 -- 61616 1 Spring 292 10/19/04
APCAR 36.71099 -114.71682 -- -- -- -12.94 -98.2 62.9 27.2 95.0 11.2 62.1 257.0 176.0 31.6 -- 61616 1 Spring 292 10/19/04

Arrow Canyon 36.734208 -114.74778 -12.91 -99.4 SNWA Well 619 2/1/2006
Arrow Canyon 36.734208 -114.74778 -12.91 -99.4 SNWA Well 619 2/1/2006

Ash Springs 37.46361 -115.19250 -107.0 222 IT27 Spring 110 08/01/68
Ash Springs 37.46361 -115.19250 -109.0 223 IT28 Spring 110 01/01/69
Ash Springs 37.46361 -115.19250 -112.0 224 IT29 Spring 110 03/01/70
Ash Springs 37.46361 -115.19250 36.0 2.3 7.0 -14.10 -108.0 43.0 14.0 27.0 7.4 8.5 34.0 30.0 0.8 225 GS81 Spring 110 07/20/81
Ash Springs 37.463564 -115.19252 -14.03 -110.0 SNWA Spring 5/24/2004
Ash Springs 37.46361 -115.19250 34.0 1.6 7.4 -14.20 -108.4 46.4 16.8 28.4 7.3 8.6 248.0 32.8 32.7 -- 61099 1 Spring 110 07/30/04
Ash Springs 37.46361 -115.19250 35.0 1.9 7.2 -14.11 -109.1 44.7 15.4 27.7 7.3 8.6 248.0 33.4 31.4 0.8 Spring 110

Aspen Springs South 39.21629 -115.39800 6.9 9.4 7.0 -16.02 -120.9 -- 62721 1 DRI-WP-16  Spring 324 06/07/05
Aspen Springs South 39.21629 -115.39800 6.9 9.4 7.0 -16.02 -120.9 -- 62721 1 DRI-WP-16  Spring 324 06/07/05

Aspen Springs North 39.22100 -115.39905 6.9 7.7 6.5 -15.84 -119.3 -- 62716 1 DRI-WP-11  Spring 349 06/07/05
Aspen Springs North 39.22100 -115.39905 6.9 7.7 6.5 -15.84 -119.3 -- 62716 1 DRI-WP-11  Spring 349 06/07/05

Bailey Spring (Fairview) 38.17593 -114.72829 18.9 7.0 7.8 -12.68 -98.5 86.4 21.4 29.8 2.1 48.3 331.0 26.6 32.4 -- 60849 1 Spring 277 06/29/04
Bailey Spring (Fairview) 38.17593 -114.72829 10.7 6.0 7.0 -12.70 -97.9 96.2 25.8 42.4 1.7 70.3 327.0 49.7 33.1 -- 62407 1 DRI-FR-5  Spring 277 05/01/05
Bailey Spring (Fairview) 38.17593 -114.72829 14.8 6.5 7.4 -12.69 -98.2 91.3 23.6 36.1 1.9 59.3 329.0 38.2 32.8 #DIV/0! Spring 277

Bailey Spring (Wilson Ck) 38.35295 -114.36718 17.9 6.4 7.8 -12.93 -102.0 45.0 9.4 18.5 2.1 40.6 135.0 16.1 36.7 -- 60310 2 Spring 310 05/18/04
Bailey Spring (Wilson Ck) 38.35295 -114.36718 17.9 6.4 7.8 -12.93 -102.0 45.0 9.4 18.5 2.1 40.6 135.0 16.1 36.7 -- 60310 2 Spring 310 05/18/04

Baldwin Spring 36.72035 -114.72415 31.9 2.6 7.3 -12.95 -96.3 63.8 28.1 96.3 11.6 63.8 260.0 180.0 32.0 -- 58496 DRI-MV-3 Spring 291 01/12/04
Baldwin Spring 36.72035 -114.72415 32.0 3.0 7.5 -12.93 -96.8 63.7 27.6 94.7 11.1 64.1 263.0 180.0 29.2 -- 60309 DRI-MV-3 Spring 291 05/18/04
Baldwin Spring 36.72035 -114.72415 -12.96 -98.6 62.8 27.4 95.0 11.2 61.4 258.0 174.0 32.1 -- 61620 DRI-MV-3 Spring 291 10/19/04
Baldwin Spring 36.72035 -114.72415 31.8 2.7 7.3 -12.94 -98.1 63.1 27.4 95.7 11.2 61.7 252.0 178.0 29.6 -- 62034 1 DRI-MV-3 Spring 291 02/10/05
Baldwin Spring 36.72035 -114.72415 32.0 2.8 6.8 -12.94 -97.2 -- 62035 DRI-MV-3  Spring 291 06/08/05
Baldwin Spring 36.720350 -114.724150 31.8 2.64 7.32 -13.05 -98.0 63.5 27.2 96.8 10.9 61.1 253 176 29.6 2.21 64174 DRI-MV-3 Spring 291 02/16/06
Baldwin Spring 36.720350 -114.724150 30.2 5.26 7.35 -13.03 -98.2 71.1 22.1 93.4 11.2 63.4 254 180 30.4 2.18 64903 DRI-MV-3 Spring 291 06/21/06
Baldwin Spring 36.720350 -114.724150 32.30 4.75 7.29 -13.03 -97.1 64.5 28.0 83.9 9.35 61.7 259 178 29.1 2.18 65284 DRI-MV-3 Spring 291 08/23/06
Baldwin Spring 36.720350 -114.724150 31.7 4.33 7.33 -12.91 -97.9 61.8 27.4 93.5 11.2 60.0 251 175 29.5 2.21 65662 DRI-MV-3 Spring 291 10/30/06
Baldwin Spring 36.72035 -114.72415 31.7 3.5 7.3 -12.97 -97.6 64.3 26.9 93.7 11.0 62.2 256.3 177.6 30.2 2.2 DRI-MV-3 Spring 291

Barrel Spring 38.13105 -114.05505 9.8 6.2 7.7 -13.36 -100.5 55.7 6.1 16.5 0.5 18.8 193.0 10.7 22.9 -- 60316 1 Spring 317 05/21/04
Barrel Spring 38.13105 -114.05505 9.8 6.2 7.7 -13.36 -100.5 55.7 6.1 16.5 0.5 18.8 193.0 10.7 22.9 -- 60316 1 Spring 317 05/21/04

Bennett Spring 37.78417 -114.52806 24.0 7.5 -13.70 -103.0 56.0 26.0 6.5 1.5 7.9 318.0 6.9 14.0 <.1 288 GS103 Spring 141 04/10/85
Bennett Spring 37.78417 -114.52806 24.0 7.5 -13.70 -103.0 56.0 26.0 6.5 1.5 7.9 318.0 6.9 14.0 <.1 288 GS103 Spring 141 04/10/85

Big Muddy Spring 36.72196 -114.71682 -98.0 121.2 Spring 69 3/00/70
Big Muddy Spring 36.72196 -114.71682 32.5 3.0 7.2 -12.90 -96.5 66.0 26.0 96.0 10.0 61.0 190.0 29.0 2.1 122 GS42 Spring 69 07/22/81
Big Muddy Spring 36.72196 -114.71682 -12.75 -98.0 125 jim Spring 69 10/30/85
Big Muddy Spring 36.72196 -114.71682 -13.05 -99.0 124 GS44 Spring 69 01/07/88
Big Muddy Spring 36.72196 -114.71682 31.0 -- -- -12.84 -98.4 64.4 27.6 99.9 10.9 64.2 270.0 198.0 29.9 -- 60308 Spring 69 05/18/04
Big Muddy Spring 36.72196 -114.71682 -12.89 -97.6 63.4 27.0 99.1 10.9 64.5 255.0 178.0 32.6 -- 61615 2 Spring 69 10/19/04
Big Muddy Spring 36.72196 -114.71682 31.8 3.0 7.2 -12.89 -97.9 64.6 26.9 98.3 10.6 63.2 262.5 188.7 30.5 2.1 Spring 69

Big Spring (Clover) 37.52781 -114.35258 17.2 7.4 7.3 -12.89 -94.2 27.3 4.3 9.5 2.6 7.3 111.0 3.9 48.2 -- 61094 1 Spring 253 07/31/04
Big Spring (Clover) 37.52781 -114.35258 17.0 7.1 7.4 -12.89 -92.9 30.2 4.5 11.1 2.6 9.0 114.0 4.8 45.8 -- 62401 DRI-CR-6  Spring 253 04/30/05
Big Spring (Clover) 37.52781 -114.35258 17.1 7.2 7.4 -12.89 -93.6 28.8 4.4 10.3 2.6 8.2 112.5 4.4 47.0 #DIV/0! Spring 253

Big Spring (Egan) 38.59947 -114.91624 14.0 5.4 6.8 -13.85 -106.0 34.0 5.8 13.0 4.2 156.0 7.2 50.0 0.1 408 GS187 Spring 206 08/03/85
Big Spring (Egan) 38.59947 -114.91624 13.0 5.8 6.5 -13.92 -104.2 -- -- -- -- -- -- -- -- -- -- 1 Spring 206 10/14/03
Big Spring (Egan) 38.59947 -114.91624 12.9 5.24 6.1 -13.98 -106.1 34.7 5.78 12.4 2.36 3.8 152 7.1 51.7 62980 ER-4 Spring 206 07/31/05
Big Spring (Egan) 38.59947 -114.91624 12.8 5.35 6.76 -13.86 -105.8 34.1 5.83 12.6 2.38 3.9 146 7.0 52.1 0.11 65050 ER-24 Spring 441 07/13/06
Big Spring (Egan) 38.59947 -114.91624 13.2 5.5 6.5 -13.90 -105.5 34.3 5.8 12.7 2.4 4.0 151.3 7.1 51.3 0.1 Spring 206

Big Spring (Grant) 38.37056 -115.48111 12.5 8.1 -15.20 -112.0 78.0 7.0 4.9 2.1 268.0 13.0 9.5 <.1 366 GS151 Spring 194 07/24/85
Big Spring (Grant) 38.37056 -115.48111 12.5 8.1 -15.20 -112.0 78.0 7.0 4.9 2.1 268.0 13.0 9.5 <.1 366 GS151 Spring 194 07/24/85

Big Spring Snake Valley 38.698920 -114.132230 17.2 5.3 7.5 -15.14 -112.2 47.8 20.3 5.5 1.5 5.1 228.0 8.5 12.6 -- 61964 1 Spring 325 01/22/05
Big Spring Snake Valley 38.698920 -114.132230 -15.22 -112.2 48.3 19.5 5.3 1.5 5.5 8.5 234.0 12.7 0.05 63226 1 SU-2 Spring 325 08/13/05
Big Spring Snake Valley 38.698920 -114.132230 17.2 4.88 7.5 -15.10 -110.3 42.9 20.2 5.34 1.51 5.8 229 8.5 12.7 0.13 63569 1 Spring 8-Nov-05
Big Spring Snake Valley 38.698920 -114.132230 16.8 5.16 7.61 -15.17 -111.6 47.5 19.6 5.32 1.50 5.5 229 8.6 12.5 0.13 64238 1 SU-2 Spring 325 02/25/06
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Big Spring Snake Valley 38.698920 -114.132230 17.2 5.27 7.43 -15.10 -112.6 49.0 20.3 6.18 2.61 7.3 232 9.3 12.8 0.13 64741 1 SU-2 Spring 325 05/21/06
Big Spring Snake Valley 38.698920 -114.132230 17.30 5.44 7.49 -15.15 -111.8 47.7 20.4 5.2 1.42 5.33 232 8.84 12.7 0.12 65291 1 SU-2 Spring 325 08/24/06
Big Spring Snake Valley 38.698920 -114.132230 17.0 4.83 7.44 -15.20 -111.1 49.7 20.3 5.93 1.45 6.1 232 8.5 12.9 0.13 65659 1 SU-2 Spring 325 10/29/06
Big Spring Snake Valley 38.698920 -114.132230 17.1 5.1 7.5 -15.15 -111.7 47.6 20.1 5.5 1.6 5.8 198.6 40.9 12.7 0.1 7 Spring 325

Big Spring North 38.65611 -114.63306 20.5 7.6 -15.10 -112.0 49.0 19.0 5.3 2.1 6.0 240.0 12.0 21.0 0.2 416 GS193 Spring 211 04/04/85
Big Spring North 38.65611 -114.63306 20.5 7.6 -15.10 -112.0 49.0 19.0 5.3 2.1 6.0 240.0 12.0 21.0 0.2 416 GS193 Spring 211 04/04/85

Big Spring South 38.65417 -114.63306 18.5 7.5 -14.80 -111.0 45.0 18.0 5.4 1.9 5.6 200.0 12.0 18.0 0.2 415 GS192 Spring 210 04/04/85
Big Spring South 38.65417 -114.63306 18.5 7.5 -14.80 -111.0 45.0 18.0 5.4 1.9 5.6 200.0 12.0 18.0 0.2 415 GS192 Spring 210 04/04/85

Bishop Spring 37.41854 -114.64169 -11.70 -85.5 208 GS80 Spring 107 02/02/84
Bishop Spring 37.41854 -114.64169 17.5 6.3 7.0 -11.67 -88.0 68.0 24.1 17.1 0.9 13.4 332.0 14.5 54.8 -- 58493 1 Spring 107 01/14/04
Bishop Spring 37.41854 -114.64169 18.4 4.6 6.9 -11.78 -88.1 -- 62618 DRI-DR-6  Spring 107 05/20/05
Bishop Spring 37.41854 -114.64169 18.0 5.4 7.0 -11.72 -87.2 68.0 24.1 17.1 0.9 13.4 332.0 14.5 54.8 #DIV/0! Spring 107

Bitter Spring 36.28500 -114.51417 17.2 4.8 7.6 -9.90 -77.0 22 PL15 Spring 14 02/06/96
Bitter Spring 36.28500 -114.51417 17.2 4.8 7.6 -9.90 -77.0 22 PL15 Spring 14 02/06/96

Black Rock Spring 37.91204 -114.91906 -12.25 -94.0 313 GS117 Spring 158 03/22/88
Black Rock Spring 37.91204 -114.91906 12.1 8.3 7.6 -12.36 -93.6 36.7 8.0 16.1 4.6 13.9 146.0 15.9 63.6 -- 59687 1 Spring 158 03/23/04
Black Rock Spring 37.91204 -114.91906 12.1 8.3 7.6 -12.31 -93.8 36.7 8.0 16.1 4.6 13.9 146.0 15.9 63.6 #DIV/0! Spring 158

Blue Point Spring 36.39000 -114.43306 -12.40 -93.0 49 PL8 Spring 26 06/24/85
Blue Point Spring 36.39000 -114.43306 -12.35 -92.5 47.5 USGS Spring 26 07/01/85
Blue Point Spring 36.39000 -114.43306 30.0 7.8 -12.50 -93.5 470.0 160.0 330.0 23.0 400.0 160.0 1900.0 16.0 1.5 48 GS15 Spring 26 07/01/85
Blue Point Spring 36.39000 -114.43306 29.6 2.7 7.1 -12.30 -91.0 47 PL8 Spring 26 02/08/96
Blue Point Springs 36.39000 -114.43306 -12.47 -93.0 USGS spring 6/5/2003
Blue Point Spring 36.39000 -114.43306 29.8 2.7 7.4 -12.40 -92.6 470.0 160.0 330.0 23.0 400.0 160.0 1900.0 16.0 1.5 Spring 26

Blue Rock Spring 38.15344 -114.35401 -- -- -- -12.68 -93.4 -- -- -- -- -- -- -- -- -- -- 1 Spring 311 04/28/04
Blue Rock Spring 38.15344 -114.35401 -- -- -- -12.68 -93.4 -- -- -- -- -- -- -- -- -- -- 1 Spring 311 04/28/04

Boulder Spring (KSV-4) 37.31436 -114.67261 -12.00 -87.5 196 Kirk1027 Spring 98 --
Boulder Spring (KSV-4) 37.31436 -114.67261 16.8 7.9 -12.60 -87.0 21.0 4.9 12.0 2.3 7.8 100.0 6.0 41.0 1.7 198 GS74 Spring 98 02/02/84
Boulder Spring (KSV-4) 37.31436 -114.67261 5.0 8.8 7.4 -12.60 -91.0 19.4 4.5 11.4 0.3 6.6 88.9 5.7 42.8 -- 58491 1 Spring 98 01/13/04
Boulder Spring (KSV-4) 37.31436 -114.67261 13.6 7.7 7.6 -12.66 -91.3 21.2 3.8 55.2 4.1 25.0 138.0 34.8 65.3 -- 62394 DRI-DR-3  Spring 98 04/27/05
Boulder Spring (KSV-4) 37.31436 -114.67261 11.8 8.3 7.6 -12.47 -89.2 20.5 4.4 26.2 2.2 13.1 109.0 15.5 49.7 1.7 Spring 98

Big Tom Plain Spring 39.08701 -115.37737 7.4 6.1 6.7 -15.92 -121.1 -- 62713 DRI-WP-8  Spring 326 06/06/05
Big Tom Plain Spring 39.08701 -115.37737 7.4 6.1 6.7 -15.92 -121.1 -- 62713 DRI-WP-8  Spring 326 06/06/05

Bradshaw Well 37.34917 -114.54389 14.8 7.3 -11.40 -88.5 85.0 28.0 120.0 11.0 52.0 550.0 76.0 63.0 2.3 202 GS76 Well 102 02/01/84
Bradshaw Well 37.34917 -114.54389 14.8 7.3 -11.40 -88.5 85.0 28.0 120.0 11.0 52.0 550.0 76.0 63.0 2.3 202 GS76 Well 102 02/01/84

Brady Spring 38.32746 -115.47509 10.3 -- -- -15.38 -108.5 82.8 8.5 2.9 1.0 0.8 292.0 2.9 13.8 -- 57754 1 Spring 282 10/28/03
Brady Spring (duplicate sample) 38.32746 -115.47509 -- -- -- -15.38 -110.4 -- -- -- -- -- -- -- -- -- 57754 1 Spring 282 10/28/03
Brady Spring 38.32746 -115.47509 10.3 #DIV/0! #DIV/0! -15.38 -109.5 82.8 8.5 2.9 1.0 0.8 292.0 2.9 13.8 #DIV/0! 2 Spring 282

Buckboard Spring 37.58886 -114.63111 14.7 7.1 7.7 -11.71 -88.2 45.1 8.3 17.3 2.1 13.9 182.0 10.6 45.5 -- 59697 1 Spring 264 03/26/04
Buckboard Spring 37.58886 -114.63111 14.7 7.1 7.7 -11.71 -88.2 45.1 8.3 17.3 2.1 13.9 182.0 10.6 45.5 -- 59697 1 Spring 264 03/26/04

Burnt Canyon Spring (Unnamed Spring in Burnt Canyon) 38.28944 -114.20889 11.0 7.6 -12.30 -93.0 35.0 7.7 8.1 0.5 5.2 140.0 8.2 38.0 0.1 356 GS140 Spring 187 06/05/85
Burnt Canyon Spring (Unnamed Spring in Burnt Canyon) 38.28944 -114.20889 11.0 7.6 -12.30 -93.0 35.0 7.7 8.1 0.5 5.2 140.0 8.2 38.0 0.1 356 GS140 Spring 187 06/05/85

Butcher Spring 38.030347 -114.015314 10.1 7.62 7.1 -14.22 -103.2 25.5 5.44 10.8 1.01 18.1 78.3 10.9 26.9 0.20 64910 MG-7 Spring 424 06/23/06
Butcher Spring 38.030347 -114.015314 10.1 7.62 7.1 -14.22 -103.2 25.5 5.44 10.8 1.01 18.1 78.3 10.9 26.9 0.20 64910 1 MG-7 Spring 424 06/23/06

Butte Spring 39.75816 -115.24246 13.7 7.4 6.9 -15.79 -120.4 -- 62619 DRI-BT-1  Spring 327 05/24/05
Butte Spring 39.75816 -115.24246 13.7 7.4 6.9 -15.79 -120.4 -- 62619 DRI-BT-1  Spring 327 05/24/05

Butterfield Spring 38.43972 -115.01083 16.5 6.1 7.3 -14.20 -105.0 47.0 22.0 6.0 2.5 4.7 260.0 8.0 23.0 0.1 384 GS163 Spring 202 07/19/81
Butterfield Spring 38.43972 -115.01083 16.5 6.1 7.3 -14.20 -105.0 47.0 22.0 6.0 2.5 4.7 260.0 8.0 23.0 0.1 384 GS163 Spring 202 07/19/81

Caliente City Well 37.61583 -114.51333 14.3 -12.40 -89.0 263 GS95 Well 124 01/31/84
Caliente City Well 37.61583 -114.51333 14.3 -12.40 -89.0 263 GS95 Well 124 01/31/84

Cabin Spring 39.75790 -115.27245 11.0 8.7 7.0 -15.89 -124.4 -- 62708 DRI-BT-7  Spring 328 06/05/05
Cabin Spring 39.75790 -115.27245 11.0 8.7 7.0 -15.89 -124.4 -- 62708 DRI-BT-7  Spring 328 06/05/05

Cain Springs 39.542581 -114.225882 14.9 4.5 6.92 -10.85 -98.4 191 53.6 117 0.85 352 322 162 34.7 0.34 63282 Spring 400 26-Aug-05
Cain Springs 39.542581 -114.225882 14.9 4.5 6.92 -10.85 -98.4 191 53.6 117 0.85 352 322 162 34.7 0.34 63282 Spring 400 26-Aug-05

Caliente Hot Springs (Hotel) 37.62111 -114.51042 45.0 7.8 -14.50 -109.0 37.0 7.3 49.0 19.0 13.0 222.0 34.0 130.0 1.4 270 GS99 Spring 129 04/10/85
Caliente Hot Springs (Hotel) 37.62111 -114.51042 40.7 4.4 8.2 -14.52 -106.4 35.0 7.3 50.1 18.7 14.5 213.0 37.2 128.0 -- 61621 Spring 129 10/20/04
Caliente Hot Springs (Hotel) 37.62111 -114.51042 40.4 4.1 8.1 -14.29 -109.3 35.6 7.2 51.8 19.0 14.5 208.0 44.8 119.0 -- 61970 2 Spring 129 01/24/05
Caliente Hot Springs (Hotel) 37.62111 -114.51042 41.0 4.0 7.5 -14.43 -107.0 -- 62620 DRI-MW-2  Spring 129 05/19/05
Caliente Hot Springs (Hotel) 37.62111 -114.51042 40.1 2.8 7.6 -14.47 -109.0 63230 DRI-MW-2  Spring 129 08/16/05
Caliente Hot Springs (Hotel) 37.62111 -114.51042 41.5 3.12 7.71 -14.47 -107.2 35.0 7.36 51.2 18.8 13.7 214 39.1 122 1.47 63572 Spring 129 9-Nov-05
Caliente Hot Springs (Hotel) 37.62111 -114.51042 39.7 4.5 7.91 -14.42 -107.7 38.4 7.61 52.2 18.9 17.3 215 43.6 119 1.44 64170 MW-2 Spring 129 02/17/06
Caliente Hot Springs (Hotel) 37.62111 -114.51042 39.9 3.3 7.98 -14.38 -107.3 39.0 7.93 53.6 21.1 18.5 224 46.5 118 1.43 64744 MW-2 Spring 129 05/22/06
Caliente Hot Springs (Hotel) 37.62111 -114.51042 41.0 3.7 7.8 -14.44 -107.9 36.7 7.5 51.3 19.3 15.3 216.0 40.9 122.7 1.4 8.0 Spring 129

Calpine Test Well 1a 36.54611 -114.80194 30.5 -13.50 -99.0 999 ECP-1a Well 43 04/07/00
Calpine Test Well 1a 36.54611 -114.80194 30.5 -13.50 -99.0 999 ECP-1a Well 43 04/07/00
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Camp Creek 38.24361 -114.25222 9.0 7.9 -14.00 -102.0 349 E3 Surface 184 04/09/85
Camp Creek 38.24361 -114.25222 9.0 7.9 -14.00 -102.0 349 E3 Surface 184 04/09/85

Carpenter Spring 38.05000 -115.61167 16.0 -11.85 -95.0 332 GS126 Spring 171 07/31/85
Carpenter Spring 38.05000 -115.61167 16.0 -11.85 -95.0 332 GS126 Spring 171 07/31/85

Cave Spring 38.64111 -114.79583 12.0 8.4 7.4 -13.85 -100.0 16.0 2.2 3.1 1.0 62.0 4.5 14.0 <.1 414 GS191 Spring 209 08/02/85
Cave Spring 38.64111 -114.79583 11.7 7.55 7.2 -14.20 -102.2 15.4 2.04 2.57 0.68 1.0 55.4 2.6 16.0 0.05 65057 SC-8 Spring 448 07/14/06
Cave Spring 38.64111 -114.79583 11.9 8.0 7.3 -14.03 -101.1 15.7 2.1 2.8 0.7 1.0 58.7 3.6 15.0 0.1 414 GS191 Spring 209 08/02/85

Cave Spring (Clover) 37.52979 -114.24092 18.7 4.7 7.0 -12.21 -90.8 47.8 9.1 26.4 8.4 20.0 219.0 10.8 57.4 -- 61101 Spring 247 07/31/04
Cave Spring (Clover) 37.52979 -114.24092 18.7 4.7 7.0 -12.53 -94.7 -- -- -- -- -- -- -- -- -- 61101B 2 Spring 247 07/31/04
Cave Spring (Clover) 37.52979 -114.24092 18.7 4.7 7.0 -12.37 -92.8 47.8 9.1 26.4 8.4 20.0 219.0 10.8 57.4 #DIV/0! Spring 247

Cave Valley MX 38.468592 -114.869444 -13.94 -105.0 USGS 602 Deep Well 620 7/10/2003
Cave Valley MX 38.468592 -114.869444 -13.94 -105.0 USGS 602 Deep Well 620 7/10/2003

Cedar Spring 39.77309 -114.211402 14.4 2.83 7.2 -15.52 -121.5 104 50.6 16.5 1.60 42.9 208 262 14.6 0.49 63275 1 Spring 393 23-Aug-05
Cedar Spring 39.77309 -114.211402 14.4 2.83 7.2 -15.52 -121.5 104 50.6 16.5 1.60 42.9 208 262 14.6 0.49 63275 1 Spring 393 23-Aug-05

Cedar Cabin Spring 38.79689 -114.22339 9.6 9.0 7.6 -14.10 -106.0 62.3 20.2 5.5 1.0 5.0 5.7 272.0 12.0 <.04 62913 SN-4 Spring 380 07/13/05
Cedar Cabin Spring 38.79689 -114.22339 9.6 9.0 7.6 -14.10 -106.0 62.3 20.2 5.5 1.0 5.0 5.7 272.0 12.0 <.04 62913 SN-4 Spring 380

The Cedars 38.93537 -114.41800 18.7 8.0 8.0 -15.02 -110.3 20.0 1.7 5.9 0.9 2.0 74.9 3.2 20.7 -- 61965 1 Spring 329 01/22/05
The Cedars 38.93537 -114.41800 18.9 8.4 8.0 -15.03 -108.1 -- 62621 DRI-SV-1  Spring 329 05/20/05
The Cedars 38.93537 -114.41800 -15.00 -108.6 19.8 1.7 5.9 0.9 2.0 3.3 74.2 20.6 0.34 63225 SV-1 Spring 329 08/12/05
The Cedars 38.93537 -114.41800 18.3 7.3 7.95 -15.00 -108.2 20.1 1.69 5.71 0.82 2.0 73.1 3.3 20.7 0.19 63570 Spring 329 8-Nov-05
The Cedars 38.93537 -114.41800 18.2 7.72 8.1 -15.02 -108.4 20.1 1.59 5.60 0.84 2.1 74.8 3.4 20.5 0.19 64240 SV-1 Spring 329 02/26/06
The Cedars 38.93537 -114.41800 18.8 8.45 7.9 -15.03 -108.3 20.1 1.67 5.85 1.84 2.1 74.1 3.5 20.8 0.19 64742 SV-1 Spring 329 05/21/06
The Cedars 38.93537 -114.41800 19.9 7.56 8 -14.97 -109.4 20.1 1.78 5.43 0.75 2.1 72.1 3.6 20.8 0.18 65369 SV-1 Spring 329 08/30/06
The Cedars 38.93537 -114.41800 18.4 8.25 7.83 -15.05 -109.9 20.0 1.68 5.67 0.82 2.0 72.9 3.4 20.6 0.20 65660 SV-1 Spring 329 10/29/06
The Cedars 38.93537 -114.41800 18.7 8.0 8.0 -15.02 -108.9 20.0 1.7 5.7 1.0 2.0 63.6 13.5 20.7 0.2  Spring 329

CE-DT-4 36.79556 -114.89222 34.0 3.5 7.4 -13.00 -102.5 46.0 19.0 84.0 11.0 35.0 294.0 110.0 33.0 1.9 138 GS52 Well 78 12/23/80
CE-DT-4 36.79556 -114.89222 34.0 3.5 7.4 -13.00 -102.5 46.0 19.0 84.0 11.0 35.0 294.0 110.0 33.0 1.9 138 1 GS52 Well 78 12/23/80

CE-DT-6 Well 36.76778 -114.78694 -13.10 -99.0 130.2 1 DRI Well 72 09/28/86
CE-DT-6 Well 36.76778 -114.78694 33.5 3.7 7.2 -12.95 -97.0 58.0 25.0 88.0 11.0 53.0 272.0 160.0 30.0 2.1 130 1 GS47 Well 72 09/28/86
CE-DT-6 Well 36.76778 -114.78694 33.5 3.7 7.2 -13.03 -98.0 58.0 25.0 88.0 11.0 53.0 272.0 160.0 30.0 2.1 1 Well 72

CE-VF-2 Well 36.87500 -114.94556 -12.95 -101.0 155 1 USGS Well 81 02/05/86
CE-VF-2 Well 36.87500 -114.94556 34.0 2.9 7.4 -13.10 -101.0 47.0 21.0 81.0 11.0 34.0 303.0 90.0 34.0 1.7 156 1 USGS Well 81 01/06/88
CE-VF-2 Well 36.87500 -114.94556 34.0 2.9 7.4 -13.10 -101.0 47.0 21.0 81.0 11.0 34.0 303.0 90.0 34.0 1.7 2.0 Well 81

Chicken Spring 39.23885 -115.38886 8.3 5.7 6.6 -16.17 -122.0 -- 62715 DRI-WP-10  Spring 330 06/07/05
Chicken Spring 39.23885 -115.38886 8.3 5.7 6.6 -16.17 -122.0 -- 62715 1 DRI-WP-10  Spring 330 06/07/05

Chimney Rock Spring 38.83528 -114.88417 13.0 1.4 6.8 -14.30 -109.0 56.0 6.8 12.0 5.4 207.0 21.0 56.0 0.2 425 1 GS205 Spring 219 08/01/85
Chimney Rock Spring 38.83528 -114.88417 12.8 0.88 6.73 -14.74 -112.0 39.3 5.51 14.0 8.38 3.3 171 10.7 61.1 0.17 65052 1 ER-26 Spring 443 07/13/06
Chimney Rock Spring 38.83528 -114.88417 12.9 1.1 6.8 -14.52 -110.5 47.7 6.2 13.0 8.4 4.4 189.0 15.9 58.6 0.2 425 2 GS205 Spring 219 08/01/85

Circle Wash Spring 39.12170 -115.36929 7.6 7.1 6.2 -15.30 -114.5 -- 62710 DRI-WP-5  Spring 331 06/06/05
Circle Wash Spring 39.12170 -115.36929 7.6 7.1 6.2 -15.30 -114.5 -- 62710 1 DRI-WP-5  Spring 331 06/06/05

Clover Creek Valley Well 232 37.50500 -114.27600 21.5 7.8 -11.70 -84.0 60.0 6.0 8.0 3.0 26.0 180.0 13.0 0.4 232 E29 Well 114 07/18/75
Clover Creek Valley Well 232 37.50500 -114.27600 21.5 7.8 -11.70 -84.0 60.0 6.0 8.0 3.0 26.0 180.0 13.0 0.4 232 1 E29 Well 114 07/18/75

Clover Creek Valley Well 246 37.58470 -114.25980 26.0 7.8 -12.40 -89.0 41.0 6.0 10.0 5.0 17.0 166.0 4.0 246 E28 Well 120 07/18/75
Clover Creek Valley Well 246 37.58470 -114.25980 26.0 7.8 -12.40 -89.0 41.0 6.0 10.0 5.0 17.0 166.0 4.0 246 E28 Well 120 07/18/75

Cold Spring 37.71370 -115.41016 -- -- -- -12.98 -98.9 49.7 12.1 22.8 1.5 19.4 208.0 22.6 50.7 -- 60841 1 Spring 288 06/25/04
Cold Spring 37.71370 -115.41016 -- -- -- -12.98 -98.9 49.7 12.1 22.8 1.5 19.4 208.0 22.6 50.7 -- 60841 1 Spring 288 06/25/04

Cold Spring, Preston 38.91800 -115.06680 22.0 3.0 7.2 -15.80 -121.0 39.0 19.0 12.0 3.1 13.0 39.0 20.0 0.3 446 GS221 Spring 230 07/16/81
Cold Spring, Preston 38.91800 -115.06680 21.5 3.0 7.8 -15.80 -126.0 43.0 20.0 13.0 2.9 14.0 190.0 37.0 20.0 0.4 447 GS222 Spring 230 06/16/83
Cold Spring, Preston 38.91800 -115.06680 21.8 3.0 7.5 -15.80 -123.5 41.0 19.5 12.5 3.0 13.5 190.0 38.0 20.0 0.4 Spring 230

Connor Spring 37.90165 -114.56023 8.4 7.7 7.7 -13.84 -100.6 72.3 25.8 1.5 0.6 2.0 348.0 3.8 8.7 -- 60838 1 Spring 283 06/24/04
Connor Spring 37.90165 -114.56023 8.4 7.7 7.7 -13.84 -100.6 72.3 25.8 1.5 0.6 2.0 348.0 3.8 8.7 -- 60838 1 Spring 283 06/24/04

Corn Creek Spring South 36.43890 -115.35775 21.4 4.0 7.4 -12.88 -95.0 51.0 48.2 9.8 3.0 9.1 401.0 25.1 28.7 -- 58503 1 Spring 307 01/17/04
Corn Creek Spring South 36.43890 -115.35775 21.1 3.3 7.3 -12.89 -95.0 47.4 33.7 6.4 2.1 6.9 288.0 18.5 19.5 -- 60852 1 Spring 307 06/30/04
Corn Creek Spring South 36.43890 -115.35775 21.1 3.3 7.3 -12.89 -95.0 47.4 33.7 6.4 2.1 6.9 288.0 18.5 19.5 #DIV/0! 2 Spring 307

Corral Spring (Unnamed Spring) 36.37056 -114.46000 17.0 6.2 7.3 -12.10 -91.5 28 PL13 Spring 19 02/07/96
Corral Spring (Unnamed Spring) 36.37056 -114.46000 17.0 6.2 7.3 -12.10 -91.5 28 PL13 Spring 19 02/07/96

Cottonwood Spring (Fairview) 38.31204 -114.63476 13.1 4.6 -- -13.40 -102.2 33.8 4.9 17.8 0.8 6.1 161.0 4.7 38.0 -- 60848 1 Spring 274 06/29/04
Cottonwood Spring (Fairview) 38.31204 -114.63476 13.1 4.6 -- -13.40 -102.2 33.8 4.9 17.8 0.8 6.1 161.0 4.7 38.0 -- 60848 1 Spring 274 06/29/04

Cottonwood Spring (Black Mtns.) 36.20333 -114.64361 12.6 6.5 7.8 -10.80 -80.0 524.0 220.0 209.0 10.7 63.6 205.0 2410.0 17.4 13 PL17 Spring 8 02/06/96
Cottonwood Spring (Black Mtns.) 36.20333 -114.64361 12.6 6.5 7.8 -10.80 -80.0 524.0 220.0 209.0 10.7 63.6 205.0 2410.0 17.4 13 PL17 Spring 8 02/06/96

Cottonwood Spring (Delamar) 37.53418 -114.74636 15.5 2.3 7.1 -12.87 -96.9 80.0 9.3 29.5 0.7 17.3 311.0 18.7 48.7 -- 59698 1 Spring 265 03/26/04
Cottonwood Spring (Delamar) 37.53418 -114.74636 15.5 2.3 7.1 -12.87 -96.9 80.0 9.3 29.5 0.7 17.3 311.0 18.7 48.7 -- 59698 1 Spring 265 03/26/04
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Cow Camp Spring 36.58361 -115.30722 14.5 7.6 -12.60 -90.5 48.0 31.0 21.0 0.7 28.0 290.0 23.0 16.0 0.2 75 GS19 Spring 47 10/28/81
Cow Camp Spring 36.58361 -115.30722 10.0 5.9 7.6 -12.60 -93.0 50.0 35.0 25.0 0.6 29.0 29.0 15.0 0.2 77 GS21 Spring 47 05/10/83
Cow Camp Spring 36.58361 -115.30722 16.8 5.1 7.3 -12.46 -92.0 48.9 35.6 26.9 0.6 23.5 312.0 24.6 17.6 -- 61105 1 Spring 47 07/27/04
Cow Camp Spring 36.58361 -115.30722 10.1 8.4 7.0 -12.47 -91.9 52.0 38.0 38.9 0.3 39.9 298.0 48.6 15.1 -- 62399 DRI-SR-4  Spring 47 04/28/05
Cow Camp Spring 36.58361 -115.30722 12.9 6.5 7.4 -12.53 -91.9 49.7 34.9 28.0 0.5 30.1 300.0 31.3 15.9 0.2  Spring 47

Coyote Spring 38.03186 -114.86219 13.3 4.7 6.8 -12.26 -95.2 75.1 11.4 55.5 10.7 31.7 246.0 105.0 82.7 -- 62409 DRI-DL-1  Spring 169 05/01/05
Coyote Spring 38.03186 -114.86219 -12.80 -95.0 330 Kirk1017 Spring 169 --
Coyote Spring 38.03186 -114.86219 13.3 4.7 6.8 -12.53 -95.1 75.1 11.4 55.5 10.7 31.7 246.0 105.0 82.7 #DIV/0! Spring 169

Crystal Springs 37.53144 -115.23364 -109.0 Win Spring 116 08/01/68
Crystal Springs 37.53144 -115.23364 -110.0 Win Spring 116 01/01/69
Crystal Springs 37.53144 -115.23364 -109.0 Win Spring 116 03/01/70
Crystal Springs 37.53144 -115.23364 27.5 1.8 7.3 -14.30 -109.0 43.0 21.0 22.0 5.0 8.9 34.0 25.0 0.3 235 GS87 Spring 116 07/20/81
Crystal Springs 37.53144 -115.23364 26.5 7.4 -14.38 -108.4 44.0 22.0 24.0 5.4 8.6 248.0 32.0 24.0 0.3 238 GS90 Spring 116 08/16/94
Crystal Springs 37.53144 -115.23364 28.0 7.7 -14.39 -106.9 44.2 22.6 23.8 4.8 9.6 255.0 34.7 24.7 0.4 239 IT120 Spring 116 08/07/95
Crystal Springs 37.531618 -115.233635 -14.32 -108.0 USGS Spring 6/3/2003
Crystal Springs 37.53144 -115.23364 27.3 5.1 7.3 -14.36 -109.2 43.1 22.2 23.6 5.3 8.7 255.0 32.3 26.4 -- 61106 Spring 116 07/30/04
Crystal Springs 37.53144 -115.23364 27.3 1.3 7.6 -14.41 -109.0 45.3 22.4 24.2 5.3 9.1 240.0 33.6 26.6 -- 61618 Spring 116 10/20/04
Crystal Springs 37.53144 -115.23364 27.2 1.3 7.5 -14.35 -109.4 45.6 22.0 24.1 5.2 8.8 247.0 33.2 25.2 -- 61971 Spring 116 01/24/05
Crystal Springs 37.53144 -115.23364 27.1 1.3 7.3 -14.44 -107.3 -- 62622 DRI-PV-2  Spring 116 05/18/05
Crystal Springs 37.53144 -115.23364 27.0 1.3 6.9 -14.46 -109.3 63229 DRI-PV-2  Spring 116 08/14/05
Crystal Spring 37.53144 -115.23364 27.1 1.28 7.38 -14.42 -110.1 45.7 22.2 23.8 5.10 9.3 248 33.1 25 0.33 63574 Spring 116 9-Nov-05
Crystal Spring 37.531810 -115.233830 27.1 1.43 7.43 -14.47 -108.5 45.1 22.1 23.6 5.13 9.3 245 33.9 24.7 0.33 65655 PV-2 Spring 116 10/28/06
Crystal Springs 37.531810 -115.233830 27.1 1.26 7.44 -14.53 -108.8 46.3 22.5 24.2 5.35 9.5 247 33.8 24.7 0.35 64168 PV-2 Spring 116 02/17/06
Crystal Springs 37.531810 -115.233830 27.2 1.16 7.51 -14.47 -109.5 45.5 21.9 24.0 5.72 9.5 247 35.1 25.4 0.35 64746 PV-2 Spring 116 05/22/06
Crystal Springs 37.531810 -115.233830 27.10 1.32 7.42 -14.49 -108.8 45.9 22.6 21.2 4.36 9.07 239 34.8 25.0 0.33 65290 PV-2 Spring 116 08/23/06
Crystal Springs 37.53144 -115.23364 27.2 1.7 7.4 -14.41 -108.8 44.9 22.1 23.5 5.1 9.1 247.1 33.7 25.2 0.3  Spring 116

CSV-2 Well 36.78056 -114.72222 27.0 4.0 7.4 -12.85 -98.0 60.0 27.0 100.0 10.0 61.0 276.0 160.0 30.0 2.3 135 GS51 Well 76 01/26/86
CSV-2 Well 36.78056 -114.72222 -12.99 -97.7 USGS Well 7/8/2003
CSV-2 Well 36.78056 -114.72222 27.0 4.0 7.4 -12.92 -97.9 60.0 27.0 100.0 10.0 61.0 276.0 160.0 30.0 2.3 135 GS51 Well 76 01/26/86

CSV-3 Well 36.69083 -114.92500 41.0 7.4 -10.35 -75.0 51.0 25.0 38.0 10.0 26.0 239.0 54.0 24.0 1.2 104 GS38 Well 60 10/07/87
CSV-3 Well 36.69083 -114.92500 41.0 7.4 -10.35 -75.0 51.0 25.0 38.0 10.0 26.0 239.0 54.0 24.0 1.2 104 GS38 Well 60 10/07/87

Davies Spring 36.96556 -114.50194 14.3 -12.50 -89.0 177 GS64 Spring 90 02/06/84
Davies Spring 36.96556 -114.50194 14.3 -12.50 -89.0 177 GS64 Spring 90 02/06/84

Deadman Spring (Highland) 37.91861 -114.54139 9.5 7.1 -13.30 -99.0 98.0 41.0 5.0 0.9 4.2 506.0 8.3 19.0 0.1 319 GS119 Spring 162 04/07/85
Deadman Spring (Highland) 37.91861 -114.54139 27.9 4.9 9.7 -10.83 -90.9 12.2 40.1 4.1 0.4 2.5 143.0 5.4 2.1 -- 60837 1 Spring 162 06/24/04
Deadman Spring (Highland) 37.91861 -114.54139 18.7 4.9 8.4 -12.07 -95.0 55.1 40.6 4.6 0.7 3.4 324.5 6.9 10.6 0.1 2 Spring 162

Decathon Spring 38.80738 -114.27884 7.6 7.1 6.9 -14.60 -107.0 111.0 7.6 2.9 0.5 3.4 11.4 325.0 11.3 0.11 62914 SN-5 Spring 381 07/14/05
Decathon Spring 38.80738 -114.27884 7.6 7.1 6.9 -14.60 -107.0 111.0 7.6 2.9 0.5 3.4 11.4 325.0 11.3 0.11 62914 SN-5 Spring 381 07/14/05

Deer Spring (White Pine) 38.99498 -115.39136 -- -- -- -15.87 -118.9 -- -- -- -- -- -- -- -- -- JThomas-032304-4 1 WP-4 Spring 322 10/12/03
Deer Spring (White Pine) 38.99498 -115.39136 9.4 6.3 6.9 -15.87 -119.6 -- 62822 WP-4  Spring 322 06/28/05
Deer Spring (White Pine) 38.99498 -115.39136 9.4 6.3 6.9 -15.87 -119.3 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!  Spring 322

Deer Spring (Butte) 39.48683 -115.27559 12.3 6.4 6.3 -14.74 -114.1 -- 62704 DRI-BT-6  Spring 332 06/04/05
Deer Spring (Butte) 39.48683 -115.27559 12.30 6.35 6.30 -14.74 -114.1 -- 62704.00 DRI-BT-6  Spring 332.00

Delmues Spring (Unnamed Spring) 37.86000 -114.32222 18.0 7.7 -13.40 -104.0 47.0 6.7 30.0 6.3 24.0 180.0 18.0 64.0 0.6 302 GS111 Spring 149 04/08/85
Delmues Spring (Unnamed Spring) 37.86000 -114.32222 18.0 7.7 -13.40 -104.0 47.0 6.7 30.0 6.3 24.0 180.0 18.0 64.0 0.6 302 GS111 Spring 149

Desert Valley (Dry Lake) Well #1 36.95306 -115.19750 19.0 2.8 8.0 -13.10 -98.0 22.0 27.0 35.0 5.7 8.9 413.0 48.0 49.0 0.6 171 GS61 Well 87 03/18/87
Desert Valley (Dry Lake) Well #1 36.95306 -115.19750 19.0 2.8 8.0 -13.10 -98.0 22.0 27.0 35.0 5.7 8.9 413.0 48.0 49.0 0.6 171 GS61 Well 87

Dipping Tank Spring 39.775222 -114.475117 12 7.77 6.83 -15.74 -119.8 47.5 8.37 16.2 2.01 18 167 14.6 30.7 0.10 63280 1 Spring 398 25-Aug-05
Dipping Tank Spring 39.775222 -114.475117 12 7.77 6.83 -15.74 -119.8 47.5 8.37 16.2 2.01 18 167 14.6 30.7 0.10 63280 1 Spring 398 25-Aug-05

DLLLC Hidden Valley 36.49340 -114.92657 -12.90 -97.0 999 HV-1 Well 37 06/05/00
DLLLC Hidden Valley 36.49340 -114.92657 -12.90 -97.0 999 HV-1 Well 37

Dodge Well 38.24444 -114.54250 17.0 -14.20 -107.0 350 GS137 Well 185 06/07/85
Dodge Well 38.24444 -114.54250 17.0 -14.20 -107.0 350 GS137 Well 185

Dry Lake Valley Well 36.45500 -114.84389 29.0 2.0 7.3 -13.30 -97.5 110.0 48.0 120.0 13.0 170.0 210.0 360.0 21.0 2.1 64 GS17 Well 34 07/01/85
Dry Lake Valley Well 36.45500 -114.84389 29.0 2.0 7.3 -13.30 -97.5 110.0 48.0 120.0 13.0 170.0 210.0 360.0 21.0 2.1 64 1 GS17 Well 34 07/01/85

East Settling Spring 37.37315 -114.23282 -- -- -- -12.76 -92.2 -- -- -- -- -- -- -- -- -- 61100B 1 Spring 248 07/31/04
East Settling Spring 37.37315 -114.23282 -- -- -- -12.76 -92.2 -- -- -- -- -- -- -- -- -- 61100B 1 Spring 248 07/31/04

Easter Spring 39.04120 -115.34883 11.1 6.7 7.3 -15.56 -119.4 62823 WP-23  Spring 365 06/29/05
Easter Spring 39.04120 -115.34883 11.1 6.7 7.3 -15.56 -119.4 62823 WP-23  Spring 365 06/29/05

EH-3 Weiser Wash 36.69222 -114.52556 24.1 7.8 -12.70 -91.0 511.0 201.0 170.0 22.0 194.0 123.0 2100.0 15.0 GS999 4 Well 61 averages
EH-3 Weiser Wash 36.69222 -114.52556 24.1 7.8 -12.70 -91.0 511.0 201.0 170.0 22.0 194.0 123.0 2100.0 15.0 GS999 4 Well 61 averages

EH-4 Weiser Wash 36.70639 -114.71611 22.8 0.0 8.3 -13.00 -98.0 49.0 30.0 90.0 12.0 57.0 245.0 171.0 28.0 0.0 AVG 1 Well 63 averages
EH-4 Weiser Wash 36.70639 -114.71611 22.8 0.0 8.3 -13.00 -98.0 49.0 30.0 90.0 12.0 57.0 245.0 171.0 28.0 0.0 AVG 1 Well 63 averages

EH-6 Weiser Wash 36.68167 -114.57000 24.8 0.0 7.7 -13.90 -99.5 341.0 131.0 274.0 31.0 41.0 178.0 1800.0 13.0 0.0 AVG 1 Well 59 averages
EH-6 Weiser Wash 36.68167 -114.57000 24.8 0.0 7.7 -13.90 -99.5 341.0 131.0 274.0 31.0 41.0 178.0 1800.0 13.0 0.0 AVG 1 Well 59 averages
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EH-7 36.67056 -114.53139 21.0 7.3 -12.45 -91.0 470.0 190.0 170.0 20.0 65.0 2000.0 15.0 0.9 99 GS35 Well 56 03/19/87
EH-7 36.67056 -114.53139 21.0 7.3 -12.45 -91.0 470.0 190.0 170.0 20.0 65.0 2000.0 15.0 0.9 99 GS35 Well 56 03/19/87

EH-8 Weiser Wash 36.67389 -114.57583 0.0 0.0 7.6 -13.70 -96.5 375.0 104.0 416.0 22.0 233.0 162.0 1780.0 26.0 0.0 AVG 1 Well 57 averages
EH-8 Weiser Wash 36.67389 -114.57583 0.0 0.0 7.6 -13.70 -96.5 375.0 104.0 416.0 22.0 233.0 162.0 1780.0 26.0 0.0 AVG 1 Well 57 averages

Eightmile Spring 37.46466 -115.06440 17.9 6.7 7.2 -13.12 -96.7 45.0 9.2 13.2 1.5 10.6 189.0 8.9 43.2 -- 61103 1 Spring 295 07/30/04
Eightmile Spring 37.46466 -115.06440 14.4 6.7 7.4 -13.06 -94.4 52.2 9.9 17.8 1.1 16.2 195.0 14.8 37.6 -- 61106C DRI-PR-11 Spring 295 04/30/05
Eightmile Spring 37.46466 -115.06440 16.2 6.7 7.3 -13.09 -95.6 48.6 9.5 15.5 1.3 13.4 192.0 11.9 40.4 #DIV/0! Spring 295

Eight Mile Spring (Snake Range) 39.388297 -114.28433 11.1 7.65 7.02 -15.53 -116.3 77.8 18.3 5.74 0.86 4.7 307 9.5 12.6 <.05 63284 1 SN-32 Spring 402 26-Aug-05
Eight Mile Spring (Resample) 39.388280 -114.284365 11 7.1 7.31 -15.38 -114.8 79.7 18.5 5.28 0.76 4.9 306 9.6 12.4 0.05 65421 1 SN-32 Spring 496 09/17/06
Eight Mile Spring (Snake Range) 39.388297 -114.28433 11.05 7.375 7.165 -15.46 -115.6 78.75 18.4 5.51 0.81 4.78 306.5 9.545 12.5 0.05 63284 2 SN-32 Spring 402

Ella Spring 37.49072 -114.44835 7.5 3.6 7.7 -12.56 -95.8 44.2 8.6 11.1 1.8 7.0 170.0 8.8 27.1 -- 59702 1 Spring 251 03/27/04
Ella Spring 37.49072 -114.44835 7.5 3.6 7.7 -12.56 -95.8 44.2 8.6 11.1 1.8 7.0 170.0 8.8 27.1 -- 59702 1 Spring 251 03/27/04

Emigrant Spring 38.62500 -115.04778 19.5 5.2 7.1 -14.50 -108.0 67.0 24.0 5.3 1.6 2.9 300.0 14.0 13.0 0.2 410 GS188 Spring 207 07/18/81
Emigrant Spring 38.62500 -115.04778 20.1 -107.5 411 GS189 Spring 207 01/17/84
Emigrant Spring 38.62500 -115.04778 19.8 5.2 7.1 -14.50 -107.8 67.0 24.0 5.3 1.6 2.9 300.0 14.0 13.0 0.2 Spring 207

Fence Spring 38.17978 -114.71593 -- -- -- -12.55 -97.4 -- -- -- -- -- -- -- -- -- -- 1 Spring 278 06/29/04
Fence Spring 38.17978 -114.71593 -- -- -- -12.55 -97.4 -- -- -- -- -- -- -- -- -- -- 1 Spring 278 06/29/04

Flag Spring #3 38.42139 -115.02222 22.8 7.5 -14.30 -105.0 50.0 21.0 10.0 3.4 6.6 270.0 12.0 26.0 0.2 380 GS161 Spring 201 01/17/84
Flag Spring #3 38.42139 -115.02222 22.8 7.5 -14.30 -105.0 50.0 21.0 10.0 3.4 6.6 270.0 12.0 26.0 0.2 380 GS161 Spring 201 01/17/84

Flatnose Spring  (Unnamed Spring) 37.89611 -114.22583 25.0 8.0 -13.40 -101.0 26.0 3.5 34.0 5.6 10.0 146.0 18.0 55.0 1.3 306 GS113 Spring 153 04/08/85
Flatnose Spring  (Unnamed Spring) 37.89611 -114.22583 25.0 8.0 -13.40 -101.0 26.0 3.5 34.0 5.6 10.0 146.0 18.0 55.0 1.3 306 GS113 Spring 153 04/08/85

Forest Home Spring (Unnamed Spring) 38.37750 -115.37528 14.0 5.3 7.6 -14.50 -108.5 62.0 26.0 9.9 6.9 309.0 19.0 14.0 <.1 368 GS152 Spring 195 07/24/85
Forest Home Spring (Unnamed Spring) 38.37750 -115.37528 14.0 5.3 7.6 -14.50 -108.5 62.0 26.0 9.9 6.9 309.0 19.0 14.0 <.1 368 GS152 Spring 195 07/24/85

Four Mile Spring 39.307241 -114.298032 9.4 6.5 7.23 -14.75 -112.5 85.5 33.7 8.88 1.18 7.5 375 40.2 15.8 0.10 65413 SN-25 Spring 488 09/16/06
Four Mile Spring 39.307241 -114.298032 9.4 6.5 7.23 -14.75 -112.5 85.5 33.7 8.88 1.18 7.5 375 40.2 15.8 0.10 65413 SN-25 Spring 488 09/16/06

Fox Cabin 38.16267 -114.65034 -- -- -- -13.59 -103.5 -- -- -- -- -- -- -- -- -- -- 1 Spring 273 06/29/04
Fox Cabin 38.16267 -114.65034 -- -- -- -13.59 -103.5 -- -- -- -- -- -- -- -- -- -- 1 Spring 273 06/29/04

Fugro CV Deep Well CE-DT-5 36.79556 -114.89222 35.5 2.3 7.2 -12.90 -99.5 46.0 20.0 78.0 11.0 34.0 300.0 100.0 33.0 1.9 139 GS53 Well 77 07/22/81
Fugro CV Deep Well CE-DT-5 36.79556 -114.89222 -12.99 -99.6 USGS Well 5/28/2003
Fugro CV Deep Well CE-DT-5 36.79556 -114.89222 -12.99 -99.6 USGS Deep Well 2/16/2005
Fugro CV Deep Well CE-DT-5 36.79556 -114.89222 35.5 2.3 7.2 -12.96 -99.6 46.0 20.0 78.0 11.0 34.0 300.0 100.0 33.0 1.9 139 GS53 Well 77 07/22/81

Fugro Dry Lake V Deep Well 38.14583 -114.89333 27.5 3.2 7.1 -14.20 -108.0 73.0 29.0 20.0 6.9 6.2 27.0 25.0 0.5 343 GS133 Well 179 12/10/80
Fugro Dry Lake V Deep Well 38.14583 -114.89333 -14.11 -107.0 USGS Well 6/19/2003
Fugro Dry Lake V Deep Well 38.14583 -114.89333 27.5 3.2 7.1 -14.16 -107.5 73.0 29.0 20.0 6.9 6.2 27.0 25.0 0.5 343 GS133 Well 179 12/10/80

Fugro Steptoe V Deep Well 38.92000 -114.84528 11.0 5.5 7.5 -14.90 -117.0 66.0 14.0 15.0 4.4 12.0 57.0 28.0 0.4 443 GS218 Well 228 01/19/81
Fugro Steptoe V Deep Well 38.92000 -114.84528 11.0 5.5 7.5 -14.90 -117.0 66.0 14.0 15.0 4.4 12.0 57.0 28.0 0.4 443 GS218 Well 228 01/19/81

Garden Spring 37.26425 -114.28869 8.8 6.5 7.1 -11.54 -87.0 -- -- -- -- -- -- -- -- -- 58500 1 Spring 246 01/15/04
Garden Spring 37.26425 -114.28869 8.8 6.5 7.1 -11.54 -87.0 -- -- -- -- -- -- -- -- -- 58500 1 Spring 246 01/15/04

Geyser Spring 38.68000 -114.66556 12.5 7.8 -14.50 -105.0 419 E1 Spring 213 04/03/85
Geyser Spring 38.68000 -114.66556 12.5 7.8 -14.50 -105.0 419 E1 Spring 213 04/03/85

Gourd Spring 36.95861 -114.29167 E16. -10.60 -77.5 175 GS63 Spring 89 02/06/84
Gourd Spring 36.95861 -114.29167 E16. -10.60 -77.5 175 GS63 Spring 89 02/06/84

GP Apex Well 36.34111 -114.92667 -13.35 -97.5 999 Jim Well 17 09/29/86
GP Apex Well 36.34111 -114.92667 31.0 5.5 7.0 -13.45 -98.0 120.0 47.0 130.0 13.0 200.0 380.0 23.0 1.4 24 PLC23 Well 17 09/30/86
GP Apex Well 36.34111 -114.92667 -13.80 -96.0 226.0 25 GS8 Well 17 09/30/86
GP Apex Well 36.34111 -114.92667 31.0 5.5 7.0 -13.53 -97.2 120.0 47.0 130.0 13.0 200.0 226.0 380.0 23.0 1.4 Well 17

Gandy Warm Spring (Warm Spring Near Gandy) 39.46000 -114.03707 27.0 492.0 7.2 -15.83 -119.6 49.8 16.8 29.3 3.9 23.9 245.0 22.1 23.1 -- 61482 Spring 333 09/24/04
Gandy Warm Spring  (Warm Spring Near Gandy) 39.46000 -114.03707 26.9 6.3 7.7 -15.88 -120.0 50.7 17.1 29.1 3.9 23.6 236.0 22.6 22.8 -- 61963 2 Spring 333 01/22/05
Gandy Warm Spring  (Warm Spring Near Gandy) 39.46000 -114.03707 -15.83 -119.4 62623 Spring 333 05/23/05
Gandy Warm Spring  (Warm Spring Near Gandy) 39.46000 -114.03707 -15.93 -119.8 49.9 16.4 28.4 3.9 23.6 22.2 240.0 22.3 0.23 63224 SU-1 Spring 333 08/12/05
Gandy Warm Spring  (Warm Spring Near Gandy) 39.46000 -114.03707 26.6 4.9 7.52 -15.90 -122.8 47.3 17.0 28.5 3.91 22.8 235 22.5 22.7 0.6 63568 Spring 333 8-Nov-05
Gandy Warm Spring  (Warm Spring Near Gandy) 39.46000 -114.03707 26.8 5.5 7.58 -15.96 -119.5 50.8 16.2 28.2 3.89 23.7 236 22.8 22.5 0.65 64237 SU-1 Spring 333 02/25/06
Gandy Warm Spring  (Warm Spring Near Gandy) 39.46000 -114.03707 27.3 5.75 7.55 -16.00 -121.2 50.4 16.6 28.8 4.92 24.2 236 23.5 23.0 0.63 64740 SU-1 Spring 333 05/21/06
Gandy Warm Spring  (Warm Spring Near Gandy) 39.46000 -114.03707 26.70 5.75 7.59 -15.88 -120.4 51.2 17.0 24.1 3.01 24.4 247 22.8 21.8 0.62 65292 SU-1 Spring 333 08/25/06
Gandy Warm Spring  (Warm Spring Near Gandy) 39.46000 -114.03707 26.9 5.74 7.56 -15.91 -120.3 51.1 17.1 28.6 3.85 24.1 233 22.7 22.4 0.58 65658 SU-1 Spring 333 10/29/06
Gandy Warm Spring (Warm Spring Near Gandy) 39.46000 -114.03707 26.9 75.1 7.5 -15.90 -120.3 50.2 16.8 28.1 3.9 23.8 211.3 49.9 22.6 0.6 Spring 333

Granite Spring 38.562713 -114.916582 11.8 5.84 6.83 -13.32 -103.4 44.6 10.9 16.6 2.92 12.6 186 17.2 57.3 0.17 65049 ER-23 Spring 440 07/13/06
Granite Spring 38.562713 -114.916582 11.8 5.84 6.83 -13.32 -103.4 44.6 10.9 16.6 2.92 12.6 186 17.2 57.3 0.17 65049 ER-23 Spring 440 07/13/06

Grapevine Spring (KSV-2) 37.12988 -114.70972 -11.60 -88.0 183 Kirk1028 Spring 93 --
Grapevine Spring (KSV-2) 37.12988 -114.70972 18.5 7.3 -12.00 -87.5 75.0 22.0 17.0 2.3 27.0 280.0 40.0 22.0 0.9 185 GS69 Spring 93 02/03/84
Grapevine Spring (KSV-2) 37.12988 -114.70972 18.2 2.4 7.6 -11.90 -88.6 77.2 17.3 20.2 2.9 31.4 236.0 44.5 28.3 -- 62396 DRI-MM-1  Spring 93 04/27/05
Grapevine Spring (KSV-2) 37.12988 -114.70972 -11.95 -85.2 77.5 17.9 18.7 2.38 32.7 245.0 46.7 27.3 0.27 63223 DRI-MM-1  Spring 93 08/16/05
Grapevine Spring (KSV-2) 37.12988 -114.70972 18.3 5.7 7.71 -11.89 -87.7 79.2 17.6 18.1 2.62 30.1 244 42.8 26.8 0.68 63573 Spring 93 9-Nov-05
Grapevine Spring WR7 37.12988 -114.70972 12.1 4.86 7.5 -12.00 -87.3 76.3 18.0 18.0 1.95 32.1 228 44.8 24.2 0.66 64171 MM-1 Spring 93 02/16/06
Grapevine Spring WR7 37.12988 -114.70972 18.8 1.33 7.3 -11.92 -87.3 76.7 17.7 16.8 2.55 28.0 248 40.0 26.7 0.71 64745 MM-1 Spring 93 05/22/06
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Grapevine Spring WR7 37.12988 -114.70972 20.70 2.56 7.14 -12.00 -87.4 73.4 18.5 16.7 1.96 31.0 233 45.6 24.8 0.67 65288 MM-1 Spring 93 08/23/06
Grapevine Spring WR7 37.12988 -114.70972 17.3 2.92 7.28 -11.93 -87.2 74.0 18.5 18.1 2.05 29.6 228 44.7 24.1 0.66 65665 MM-1 Spring 93 10/30/06
Grapevine Spring WR7 37.12988 -114.70972 - - - -12.03 -87.5 - - - - - - - - - - - MM-1 Spring - 5/9/2007
Grapevine Spring (KSV-2) 37.12988 -114.70972 17.7 3.3 7.4 -11.92 -87.4 76.2 18.4 18.0 2.3 30.2 242.8 43.6 25.5 0.7  Spring 93

Grass Valley Springs 39.713209 -114.233004 9.2 6 6.35 -16.72 -124.7 18.0 3.26 12.3 0.94 5.9 81.0 5.1 26.6 0.09 63274 Spring 392 23-Aug-05
Grass Valley Springs 39.713209 -114.233004 9.2 6 6.35 -16.72 -124.7 18.0 3.26 12.3 0.94 5.9 81.0 5.1 26.6 0.09 63274 Spring 392 23-Aug-05

Grassy Spring 37.54107 -114.79174 13.0 6.5 7.4 -10.90 -85.0 85.2 15.3 30.8 0.7 36.9 269.0 58.0 33.0 241 K7 Spring 117 01/14/85
Grassy Spring 37.54107 -114.79174 14.2 5.3 7.5 -11.23 -90.9 111.0 19.2 51.0 0.6 57.0 339.0 54.0 36.4 -- 59700 1 Spring 117 03/26/04
Grassy Spring 37.54107 -114.79174 13.6 5.7 7.0 -11.10 -90.1 116.0 20.7 39.9 0.9 70.7 330.0 69.0 36.8 -- 62402 DRI-DR-20  Spring 117 04/27/05
Grassy Spring 37.54107 -114.79174 13.6 5.8 7.3 -11.08 -88.7 104.1 18.4 40.6 0.7 54.9 312.7 60.3 35.4 -- Spring 117

Gubler Canyon Creek Spring (Unnamed Spring in Gubler Canyon) 39.13389 -114.96139 12.5 -14.90 -111.0 2.4 457 GS243 Spring 235 06/16/83
Gubler Canyon Creek Spring (Unnamed Spring in Gubler Canyon) 39.13389 -114.96139 12.5 -14.90 -111.0 2.4 457 GS243 Spring 235 06/16/83

Hackberry Spring 36.91778 -114.43778 10.0 -12.30 -87.0 162 GS58 Spring 84 02/05/84
Hackberry Spring 36.91778 -114.43778 10.0 -12.30 -87.0 162 GS58 Spring 84 02/05/84

Haggerty Spring 38.66930 -114.90482 11.9 5.98 6.85 -14.78 -109.6 69.7 13.0 3.94 0.76 2.8 259 7.0 10.6 62979 ER-9 Spring 387 07/31/05
Haggerty Spring 38.66930 -114.90482 11.9 5.98 6.85 -14.78 -109.6 69.7 13.0 3.94 0.76 2.8 259 7.0 10.6 62979 ER-9 Spring 387 07/31/05

Halfway Spring (RS) 38.964420 -115.311490 12.9 2.6 7.8 -13.35 -108.4 Iso Only - - - - - - - - -- WP-14 Spring 429 07/11/06
Halfway Spring 38.964420 -115.311490 16.5 0.85 6.93 -13.68 -109.0 100 21.2 37.6 1.9 14.7 448 21.1 56.6 - -- WP-14 Spring 429 06/29/05
Halfway Spring (RS) 38.964420 -115.311490 14.7 1.725 7.365 -13.52 -108.7 - - - - - - - - -- WP-14 Spring 429 07/11/06

Hamilton Spring 37.93572 -114.88764 14.4 6.8 7.2 -11.76 -93.1 66.9 10.8 29.4 7.2 22.9 260.0 25.5 69.4 -- 59686 1 Spring 298 03/23/04
Hamilton Spring 37.93572 -114.88764 14.4 6.8 7.2 -11.76 -93.1 66.9 10.8 29.4 7.2 22.9 260.0 25.5 69.4 -- 59686 1 Spring 298 03/23/04

Headwaters Spring WR5 38.36575 -114.31935 9.6 6.5 7.0 -14.65 -106.9 10.4 2.4 4.5 1.3 4.5 37.1 4.7 19.1 -- 60311 Spring 309 05/19/04
Headwaters Spring WR5 38.36575 -114.31935 -- -- -- -14.67 -108.7 -- -- -- -- -- -- -- -- -- 60311B 4 Spring 309 07/18/04
Headwaters Spring WR5 38.36575 -114.31935 8.2 7.1 6.9 -14.67 -108.8 11.2 2.5 4.8 1.2 4.2 37.2 4.4 20.4 -- 61481 Spring 309 09/23/04
Headwaters Spring WR5 38.36575 -114.31935 -15.01 -110.4 62970 Spring 309 07/27/05
Headwaters Spring WR5 38.36575 -114.31935 -14.99 -109.6 11.8 2.5 4.9 1.2 4.7 3.4 44.3 21.1 0.20 63221 WC-1 Spring 309 08/13/05
Headwaters Spring WR5 38.36575 -114.31935 9.5 5.97 6.36 -14.71 -107.8 13.8 3.00 5.43 1.34 6.2 46.9 4.4 21.4 0.06 63565 1 Spring 309 7-Nov-05
Headwaters Spring WR5 38.365750 -114.319350 9.3 6.25 6.54 -14.52 -106.3 11.4 2.57 5.21 1.27 3.7 45.0 3.7 22.0 0.08 64737 WC-1 Spring 309 05/23/06
Headwaters Spring WR5 38.365750 -114.319350 12.1 6.14 6.37 -14.59 -107.7 10.7 2.46 5.04 1.29 4.5 43.2 4.1 21.2 0.06 65370 WC-1 Spring 309 08/31/06
Headwaters Spring WR5 38.365750 -114.319350 8.9 7.09 6.50 -14.47 -107.3 11.5 2.68 5.28 1.30 4.4 41.1 4.0 21.5 0.07 65744 WC-1 Spring 309 11/16/06
WR 5 Autosampler 38.365750 -114.319350 - - - -14.61 -107.6 - - - - - - - - - DRI-65370-9 WC-1 Spring 309 12/01/05
WR 5 Autosampler 38.365750 -114.319350 - - - -14.70 -108.6 - - - - - - - - - DRI-65370-12 WC-1 Spring 309 01/01/06
WR 5 Autosampler 38.365750 -114.319350 - - - -14.52 -107.7 - - - - - - - - - DRI-65370-14 WC-1 Spring 309 02/01/06
WR 5 Autosampler 38.365750 -114.319350 - - - -14.34 -105.7 - - - - - - - - - DRI-65370-16 WC-1 Spring 309 03/01/06
WR 5 Autosampler 38.365750 -114.319350 - - - -14.36 -105.5 - - - - - - - - - DRI-65370-20 WC-1 Spring 309 05/01/06
WR5 Autosample 1 38.365750 -114.319350 - - - -14.53 -105.7 - - - - - - - - - 65744Auto1 WC-1 Spring 309 09/01/06
WR5 Autosample 5 38.365750 -114.319350 - - - -14.10 -105.4 - - - - - - - - - 65744Auto5 WC-1 Spring 309 11/01/06
Headwaters Spring WR5 38.365750 -114.319350 8.5 NA 6.24 -14.24 -105.0 10.6 2.41 4.62 1.24 3.1 41.8 3.5 19.4 0.08 65744 WC-1 Spring 309 5/7/2007
Headwaters Spring WR5 38.36575 -114.31935 9.4 6.5 6.6 -14.57 -107.3 11.4 2.6 5.0 1.3 4.4 37.0 9.1 20.8 0.1 17 WC-1 Spring 309

Hells Acres Gulch Spring (Unnamed Spring in Hells Acres Gulch) 37.46028 -115.12472 13.0 8.3 -12.30 -93.0 45.2 9.0 20.7 2.4 8.2 198.0 19.9 39.0 211 K9 Spring 109 01/14/85
Hells Acres Gulch Spring(Unnamed Spring in Hells Acres Gulch) 37.46028 -115.12472 13.0 8.3 -12.30 -93.0 45.2 9.0 20.7 2.4 8.2 198.0 19.9 39.0 211 K9 Spring 109 01/14/85

Henry Spring 37.68990 -115.37391 -- -- -- -12.77 -97.4 -- -- -- -- -- -- -- -- -- -- 1 Spring 287 06/25/04
Henry Spring 37.68990 -115.37391 -- -- -- -12.77 -97.4 -- -- -- -- -- -- -- -- -- -- 1 Spring 287 06/25/04

High Springs 39.130125 -114.950408 7.4 6.49 7.5 -15.43 -113.4 66.2 10.1 3.65 0.91 0.8 232 17.9 10.4 0.12 65042 ER-16 Spring 433 07/12/06
High Springs 39.130125 -114.950408 7.4 6.49 7.5 -15.43 -113.4 66.2 10.1 3.65 0.91 0.8 232 17.9 10.4 0.12 65042 ER-16 Spring 433 07/12/06

Highland Spring 37.92110 -114.54923 10.0 7.2 -13.30 -98.5 86.0 36.0 4.7 1.0 4.4 474.0 8.1 15.0 0.1 320 GS120 Spring 163 04/07/85
Highland Spring 37.92110 -114.54923 11.6 5.8 7.4 -13.49 -99.6 77.1 35.9 3.7 0.7 3.7 413.0 6.2 15.3 -- 60839 1 Spring 163 06/24/04
Highland Spring 37.92110 -114.54923 10.2 7.3 6.8 -13.30 -99.3 82.9 35.1 4.3 0.6 3.4 403.0 5.9 16.1 -- 62408 DRI-HR-1  Spring 163 05/01/05
Highland Spring 37.92110 -114.54923 10.6 6.6 7.1 -13.36 -99.1 82.0 35.7 4.3 0.8 3.8 430.0 6.7 15.5 0.1  Spring 163

Hiko Spring 37.59833 -115.21444 -13.80 -109.0 249 PLC12 Spring 122 --
Hiko Spring 37.59833 -115.21444 -110.5 254 IT127 Spring 122 08/01/68
Hiko Spring 37.59833 -115.21444 -109.5 255 IT128 Spring 122 01/01/69
Hiko Spring 37.59833 -115.21444 -109.5 256 IT129 Spring 122 03/01/70
Hiko Spring 37.59833 -115.21444 -15.30 -110.0 251 IT124 Spring 122 01/14/85
Hiko Spring 37.59833 -115.21444 -14.00 -105.0 257 IT130 Spring 122 01/14/85
Hiko Spring 37.59833 -115.21444 26.5 7.7 -14.45 -107.7 46.4 23.3 25.6 6.6 46.3 273.0 38.1 33.1 0.5 252 IT125 Spring 122 08/07/95
Hiko Spring 37.59833 -115.21444 26.5 #DIV/0! 7.7 -14.39 -108.7 46.4 23.3 25.6 6.6 46.3 273.0 38.1 33.1 0.5 Spring 122

Hole in the Bank Spring 38.84915 -114.89566 6.9 7.9 6.6 -15.37 -114.9 43.7 11.0 12.4 2.95 5.1 195 10.5 50.6 0.13 62977 ER-8 Spring 386 07/31/05
Hole in the Bank Spring 38.84915 -114.89566 6.9 7.9 6.6 -15.37 -114.9 43.7 11.0 12.4 2.95 5.1 195 10.5 50.6 0.13 62977 ER-8 Spring 386 07/31/05

Horse Spring (Morman) 36.94139 -114.44639 -12.70 -89.0 167 GS59 Spring 85 02/05/84
Horse Spring (Morman) 36.94139 -114.44639 -12.70 -89.0 167 GS59 Spring 85 02/05/84

Horse Spring (Grant) 38.32951 -115.38580 14.7 7.2 7.1 -12.86 -99.5 62829 GR-3  Spring 370 06/30/05
Horse Spring (Grant) 38.32951 -115.38580 14.7 7.2 7.1 -12.86 -99.5 62829 GR-3  Spring 370 06/30/05

Horsethief Spring 38.02649 -114.24511 11.7 1.6 6.9 -12.73 -96.3 56.6 8.0 16.5 1.2 18.6 206.0 13.0 50.1 -- 60314 1 Spring 314 05/20/04
Horsethief Spring 38.02649 -114.24511 9.7 1.9 6.4 -12.62 -97.6 76.5 10.6 27.6 0.5 19.5 293.0 13.5 60.3 -- 62406 DRI-WC-6  Spring 314 05/01/05
Horsethief Spring 38.02649 -114.24511 10.7 1.8 6.7 -12.68 -97.0 66.6 9.3 22.1 0.9 19.1 249.5 13.3 55.2 #DIV/0!  Spring 314

Hot Creek Campground Well 38.38833 -115.13278 19.0 -15.30 -118.0 374 GS155 Well 198 07/19/81
Hot Creek Campground Well 38.38833 -115.13278 19.0 -15.30 -118.0 374 GS155 Well 198 07/19/81
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Hot Creek Springs 38.38251 -115.15451 32.5 1.0 7.2 -15.50 -118.0 59.0 21.0 24.0 5.5 10.0 46.0 28.0 0.9 372 GS153 Spring 197 07/19/81
Hot Creek Springs 38.38251 -115.15451 31.8 1.3 7.2 -15.71 -120.5 57.9 22.1 24.9 4.8 10.1 282.0 43.9 28.2 -- 61484 Spring 197 09/25/04
Hot Creek Springs 38.38251 -115.15451 31.3 1.4 7.3 -15.66 -119.0 59.0 22.2 25.0 5.3 10.0 272.0 45.5 27.8 -- 61972 2 Spring 197 01/24/05
Hot Creek Springs 38.38251 -115.15451 31.2 1.6 7.1 -15.66 -118.6 -- 62624 DRI-WV-2  Spring 197 05/18/05
Hot Creek Springs 38.38251 -115.15451 31.3 1.6 6.8 -15.70 -117.4 63228 DRI-WV-2  Spring 197 08/14/05
Hot Creek Spring 38.38251 -115.15451 30.9 1.52 7.33 -15.73 -119.1 59.7 22.4 24.3 5.03 10 273 45.1 27.7 1.02 63564 Spring 197 11/6/05
Hot Creek Spring 38.382510 -115.154510 31.3 1.87 7.32 -15.77 -119.2 58.7 22.1 24.5 5.22 10.2 269 45.4 27.8 1.02 65656 WV-2 Spring 197 10/28/06
Hot Creek Springs 38.382510 -115.154510 31.3 1.06 7.29 -15.75 -118.4 59.5 21.5 24.3 5.14 10.1 271 45.2 28.8 1.04 64234 WV-2 Spring 197 02/17/06
Hot Creek Springs 38.382510 -115.154510 31.7 1.54 7.36 -15.67 -120.1 59.6 21.6 25.2 5.15 10.6 269 47.0 28.4 1.02 64736 WV-2 Spring 197 05/22/06
Hot Creek Springs 38.382510 -115.154510 31.4 1.32 7.3 -15.75 -119.0 59.3 22.3 22.3 4.53 10.1 268 46.0 27.7 1.00 65367 WV-2 Spring 197 08/29/06
Hot Creek Springs 38.38251 -115.15451 31.5 1.4 7.2 -15.69 -118.9 59.1 21.9 24.3 5.1 10.1 272.0 45.5 28.1 1.0  Spring 197

Indian Spring (Butte) 39.44040 -115.31884 11.3 7.9 7.1 -15.31 -119.1 -- 62709 DRI-BT-8  Spring 334 06/05/05
Indian Spring (Butte) 39.44040 -115.31884 11.3 7.9 7.1 -15.31 -119.1 -- 62709 DRI-BT-8  Spring 334 06/05/05

Indian Springs 38.64160 -114.44957 -14.16 -106.3 26.3 4.10 12.7 4.56 9.4 114.0 6.7 72.8 0.10 62974 FO-1 Spring 375 07/29/05
Indian Springs 38.64160 -114.44957 -14.16 -106.3 26.3 4.10 12.7 4.56 9.4 114.0 6.7 72.8 0.10 62974 FO-1 Spring 375 07/29/05

Iverson's Spring 36.71028 -114.71194 -97.0 111 PLC18 Spring 65 --
Iverson's Spring 36.71028 -114.71194 -97.0 111 PLC18 Spring 65 --

Jenson Well 37.18417 -114.46444 18.0 7.7 -11.60 -88.5 55.0 14.0 100.0 7.2 45.0 340.0 80.0 56.0 2.1 187 GS70 Well 95 04/10/85
Jenson Well 37.18417 -114.46444 18.0 7.7 -11.60 -88.5 55.0 14.0 100.0 7.2 45.0 340.0 80.0 56.0 2.1 187 GS70 Well 95 04/10/85

John Wadsworth 37.76861 -114.40694 14.5 7.5 -12.90 -101.0 120.0 47.0 150.0 9.5 88.0 601.0 200.0 76.0 6.5 286 GS101 Well 140 06/04/85
John Wadsworth 37.76861 -114.40694 14.5 7.5 -12.90 -101.0 120.0 47.0 150.0 9.5 88.0 601.0 200.0 76.0 6.5 286 GS101 Well 140 06/04/85

Johnson Spring 39.92319 -114.98923 10.2 9.0 7.5 -15.94 -123.4 -- 62625 DRI-CC-1  Spring 335 05/24/05
Johnson Spring 39.92319 -114.98923 10.2 9.0 7.5 -15.94 -123.4 -- 62625 DRI-CC-1  Spring 335 05/24/05

Jones Spring Pumphouse 36.71116 -114.71694 27.2 5.3 7.4 -12.99 -98.9 63.4 27.4 95.7 11.1 63.1 252.0 178.0 29.5 -- 62033 1 Spring 293 02/10/05
Jones Spring Pumphouse 36.71116 -114.71694 32.00 3.90 7.00 -12.99 -97.80 63.70 27.30 96.00 11.20 61.90 256.00 174.00 31.40 2.18 62034 DRI-MV-6  Spring 293 06/08/05
Jones Spring Pumphouse 36.711160 -114.716940 31.7 3.67 7.36 -13.07 -97.7 63.8 27.4 96.3 10.9 61.8 254 178 29.4 2.20 64175 MV-5 Spring 292 02/16/06
Jones Spring Pumphouse 36.711160 -114.716940 32.2 4.36 7.27 -13.07 -97.9 62.6 27.1 93.1 11.2 62.6 254 181 29.7 2.19 64902 MV-5 Spring 292 06/21/06
Jones Spring Pumphouse 36.711160 -114.716940 32.20 4.05 7.30 -13.10 -97.3 63.7 27.8 84.5 9.32 62.2 269 179 29.3 2.13 65285 MV-5 Spring 292 08/23/06
Jones Spring Pumphouse 36.711160 -114.716940 31.7 3.14 7.35 -13.09 -98.0 64.6 27.2 95.0 11.1 60.7 252 176 29.2 2.2 65661 MV-5 Spring 292 10/30/06
Jones Spring Pumphouse 36.71116 -114.71694 31.2 4.1 7.3 -13.05 -97.9 63.6 27.4 93.4 10.8 62.1 256.2 177.7 29.8 2.2  Spring 292

Juanita Spring 36.63694 -114.24750 26.0 7.3 -11.65 -87.0 130.0 43.0 25.0 5.3 15.0 370.0 29.0 1.0 90 GS30 Spring 50 01/25/86
Juanita Spring 36.63694 -114.24750 26.0 7.3 -11.65 -87.0 130.0 43.0 25.0 5.3 15.0 370.0 29.0 1.0 90 GS30 Spring 50 01/25/86

Kalamazoo Spring WR6 39.56648 -114.59594 12.1 6.8 7.3 -16.22 -121.6 47.2 15.5 2.5 0.7 2.1 208.0 10.6 10.5 -- 60962 Spring 336 07/20/04
Kalamazoo Spring WR6 39.56648 -114.59594 12.3 6.7 7.3 -16.22 -118.5 46.8 16.0 3.2 0.9 1.9 196.0 11.0 11.7 --  61348A Spring 336 09/21/04
Kalamazoo Spring WR6 39.56648 -114.59594 11.9 6.9 7.4 -16.28 -121.6 48.6 16.5 3.5 0.8 1.8 209.0 12.1 11.4 -- 61966 3 Spring 336 01/23/05
Kalamazoo Spring WR6 39.56648 -114.59594 -16.13 -118.6 62636 Spring 336 05/23/05
Kalamazoo Spring WR6 39.56648 -114.59594 -16.18 -119.2 49.6 15.2 3.0 0.7 1.8 11.4 214.0 11.5 0.13 63222A SC-3 Spring 336 08/12/05
Kalamazoo Spring WR6 39.56648 -114.59594 11.9 7.33 7.47 -16.17 -121.0 49.1 17.5 3.46 0.74 1.9 219 12.8 12.4 <.05 63567 Spring 336 8-Nov-05
Kalamazoo Spring WR6 39.566480 -114.595940 11.7 7.14 7.6 -16.22 -119.3 49.3 16.6 3.42 0.79 2.0 213 12.8 12.1 <.1 64236 SC-3 Spring 336 02/25/06
Kalamazoo Spring WR6 39.566480 -114.595940 9.8 8.1 7.51 -16.06 -118.0 50.0 11.0 2.65 0.55 1.4 191 7.4 9.6 <.05 64739 SC-3 Spring 336 05/21/06
Kalamazoo Spring WR6 39.566480 -114.595940 - - - -16.16 -120.1 - - - - - - - - - -- SC-3 Spring 336 08/02/06
Kalamazoo Spring WR6 39.566480 -114.595940 11.9 7.3 7.55 -16.24 -119.7 50.0 17.1 2.87 0.60 2.0 230 12.4 12.0 <.05 65368 SC-3 Spring 336 08/30/06
Kalamazoo Spring WR6 39.566480 -114.595940 12.0 6.50 7.52 -16.11 -120.5 50.2 17.3 3.51 0.82 1.5 216 12.5 12.4 <.05 65657 SC-3 Spring 336 10/29/06
Kalamazoo Spring WR6 39.566480 -114.595940 11.3 NA 7.6 -16.19 -120.4 48.7 16.3 3.67 0.76 1.5 220 11.7 12.4 0.05 65657 SC-3 Spring 5/8/2007
Kalamazoo Spring WR6 39.56648 -114.59594 11.7 7.1 7.5 -16.18 -119.9 49.0 15.9 3.2 0.7 1.8 191.3 31.7 11.6 0.1 Spring 336

Kane Springs (KSV-3) 37.24611 -114.70584 -12.60 -87.0 193 Kirk1025 Spring 97 --
Kane Springs (KSV-3) 37.24611 -114.70584 16.4 7.2 -11.90 -86.5 44.0 13.0 20.0 5.9 17.0 210.0 14.0 60.0 2.8 195 GS72 Spring 97 02/02/84
Kane Springs (KSV-3) 37.24611 -114.70584 14.8 5.2 7.0 -11.88 -87.0 49.0 13.6 20.3 1.4 17.6 214.0 15.1 64.5 -- 58490 1 Spring 97 01/13/04
Kane Springs (KSV-3) 37.24611 -114.70584 15.6 5.2 7.1 -12.13 -86.8 46.5 13.3 20.2 3.6 17.3 212.0 14.6 62.3 2.8 Spring 97

Kershaw-Ryan Spring #1 37.59028 -114.52010 20.0 6.5 8.4 -13.11 -95.1 24.2 2.7 26.5 4.4 6.3 140.0 4.4 46.1 -- 59701 1 Spring 250 03/27/04
Kershaw-Ryan Spring #1 37.59028 -114.52010 20.0 6.5 8.4 -13.11 -95.1 24.2 2.7 26.5 4.4 6.3 140.0 4.4 46.1 -- 59701 1 Spring 250 03/27/04

Kiln Spring 37.805098 -114.164229 11.5 2.43 7.11 -12.34 -91.9 93.5 22.9 34.8 0.53 51.2 320 56.9 27.4 0.24 64904 MG-1 Spring 418 06/21/06
Kiln Spring 37.805098 -114.164229 11.5 2.43 7.11 -12.34 -91.9 93.5 22.9 34.8 0.53 51.2 320 56.9 27.4 0.24 64904 MG-1 Spring 418 06/21/06

Lake Mead Base Well #3 36.23917 -115.00444 -13.80 -101.5 19 PLC35 Well 12 --
Lake Mead Base Well #3 36.23917 -115.00444 -13.80 -101.5 19 PLC35 Well 12 --

Lake Valley Well 38.35556 -114.58917 18.0 8.1 -14.70 -111.0 61.0 9.7 22.0 2.1 68.0 121.0 25.0 25.0 0.2 365 GS147 Well 193 06/07/85
Lake Valley Well 38.35556 -114.58917 18.0 8.1 -14.70 -111.0 61.0 9.7 22.0 2.1 68.0 121.0 25.0 25.0 0.2 365 GS147 Well 193 06/07/85

Lamb Spring 36.94500 -115.10583 13.5 -13.15 -92.5 37.0 41.0 8.7 0.6 8.6 24.0 12.0 0.2 168 Spring 86 05/19/88
Lamb Spring 36.94500 -115.10583 13.5 -13.15 -92.5 37.0 41.0 8.7 0.6 8.6 24.0 12.0 0.2 168 Spring 86 05/19/88

Lester Mathews Well 37.79361 -114.39972 20.0 8.1 -13.30 -103.0 73.0 21.0 140.0 10.0 44.0 170.0 64.0 3.1 289 GS104 Well 142 06/04/85
Lester Mathews Well 37.79361 -114.39972 20.0 8.1 -13.30 -103.0 73.0 21.0 140.0 10.0 44.0 170.0 64.0 3.1 289 GS104 Well 142 06/04/85

Lime Spring 37.91467 -114.54022 21.0 8.3 -12.90 -97.0 55.0 31.0 3.8 0.9 4.1 290.0 8.9 14.0 0.1 315 GS118 Spring 160 04/07/85
Lime Spring 37.91467 -114.54022 15.1 0.4 7.4 -13.41 -99.9 76.1 40.6 3.3 1.1 3.6 433.0 6.4 14.1 -- 60840 1 Spring 160 06/24/04
Lime Spring 37.91467 -114.54022 18.1 0.4 7.8 -13.16 -98.5 65.6 35.8 3.5 1.0 3.9 361.5 7.7 14.1 0.1 Spring 160

Lion Spring 38.25863 -114.13032 9.8 8.2 7.8 -14.11 -103.4 37.0 7.0 17.2 3.8 36.1 124.0 15.3 56.6 -- 60317 1 Spring 318 05/21/04
Lion Spring 38.25863 -114.13032 9.8 8.2 7.8 -14.11 -103.4 37.0 7.0 17.2 3.8 36.1 124.0 15.3 56.6 -- 60317 1 Spring 318 05/21/04
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Lion Spring (Egan Range) 39.180372 -114.984442 12.5 5.07 7.28 -15.34 -114.8 64.5 13.2 13.7 4.61 15.4 237 28.7 42.3 0.10 65039 ER-13 Spring 430 07/12/06
Lion Spring (Egan Range) 39.180372 -114.984442 12.5 5.07 7.28 -15.34 -114.8 64.5 13.2 13.7 4.61 15.4 237 28.7 42.3 0.10 65039 ER-13 Spring 430 07/12/06

Little Ash Spring (Ash Spring) 37.46389 -115.19167 37.0 7.4 -14.20 -107.2 45.3 15.4 29.8 7.3 9.5 250.0 35.0 31.5 0.8 229 IT33 Spring 111 08/08/95
Little Ash Spring (Ash Spring) 37.46389 -115.19167 37.0 7.4 -14.20 -107.2 45.3 15.4 29.8 7.3 9.5 250.0 35.0 31.5 0.8 229 IT33 Spring 111 08/08/95

Little Boulder Spring 37.71330 -114.95217 12.0 6.4 7.1 -13.06 -97.2 21.8 5.9 8.0 2.9 4.9 101.0 7.8 44.8 -- 59690 1 Spring 301 03/24/04
Little Boulder Spring 37.71330 -114.95217 12.0 6.4 7.1 -13.06 -97.2 21.8 5.9 8.0 2.9 4.9 101.0 7.8 44.8 -- 59690 1 Spring 301 03/24/04

Little Currant Creek 38.83444 -115.35806 10.5 -15.00 -113.0 Surface 217 08/23/83
Little Currant Creek 38.83444 -115.35806 10.5 -15.00 -113.0 Surface 217 08/23/83

Little Spring (Grant Range) 38.33197 -115.36050 14.7 1.7 6.9 -12.48 -99.4 62828 1  Spring 369 06/30/05
Little Spring (Grant Range) 38.33197 -115.36050 14.7 1.7 6.9 -12.48 -99.4 62828 1  Spring 369 06/30/05

Little Springs (Clover Mts) 37.53418 -114.35607 18.5 5.3 7.6 -12.78 -93.0 30.2 5.1 11.2 2.8 9.7 137.0 4.8 56.5 -- 61096 1 Spring 254 07/31/04
Little Springs (Clover Mts) 37.53418 -114.35607 17.1 6.7 6.8 -12.84 -93.5 29.6 4.7 10.8 2.5 8.6 112.0 5.0 46.6 -- 62403 DRI-CR-7  Spring 254 04/30/05
Little Springs (Clover Mts) 37.53418 -114.35607 17.8 6.0 7.2 -12.81 -93.3 29.9 4.9 11.0 2.6 9.2 124.5 4.9 51.6 #DIV/0!  Spring 254

Little Cut Spring 37.69653 -115.37810 -- -- -- -12.93 -98.4 68.8 19.7 21.1 2.6 22.2 295.0 30.6 55.9 -- 60844 1 Spring 286 06/25/04
Little Cut Spring 37.69653 -115.37810 10.4 4.8 6.8 -12.76 -98.2 75.0 21.0 22.8 2.3 21.1 302.0 33.1 52.2 -- 62410 DRI-MI-1  Spring 286 05/02/05
Little Cut Spring 37.69653 -115.37810 10.4 4.8 6.8 -12.85 -98.3 71.9 20.4 22.0 2.4 21.7 298.5 31.9 54.1 #DIV/0!  Spring 286

Little Tom Plain Spring 39.08092 -115.37152 8.0 7.2 6.7 -15.87 -121.8 -- 62712 DRI-WP-7  Spring 337 06/06/05
Little Tom Plain Spring (RS) 39.081026 -115.371715 8.9 5.74 7.13 -15.85 -120.1 66.8 5.61 19.3 2.63 14.7 231 19.8 47.3 0.25 65037 WP-12 Spring 427 07/11/06
Little Tom Plain Spring 39.08092 -115.37152 8.5 6.4 6.9 -15.86 -121.0 66.8 5.6 19.3 2.6 14.7 231.0 19.8 47.3 0.3 62712 DRI-WP-7  Spring 337 06/06/05

Littlefield Spring 38.23125 -114.70223 14.9 5.0 7.0 -12.73 -98.5 67.1 13.3 16.3 2.8 22.5 254.0 20.9 47.5 -- 60847 1 Spring 275 06/26/04
Littlefield Spring 38.23125 -114.70223 14.9 5.0 7.0 -12.73 -98.5 67.1 13.3 16.3 2.8 22.5 254.0 20.9 47.5 -- 60847 1 Spring 275 06/26/04

Lone Pine Spring 38.89556 -114.89944 -- -- -- -14.98 -109.2 -- -- -- -- -- -- -- -- -- -- 1 Spring 223 10/13/03
Lone Pine Spring 38.89556 -114.89944 8.0 7.4 7.5 -14.95 -111.5 67.0 4.2 3.5 1.6 224.0 3.7 17.0 <.1 434 GS214 Spring 223 08/01/85
Lone Pine Spring 38.89556 -114.89944 7 7.09 7.44 -14.77 -110.0 72.5 3.80 4.35 1.27 2.3 220 6.0 27.6 0.05 65053 ER-27 Spring 444 07/13/06
Lone Pine Spring 38.89556 -114.89944 7.5 7.2 7.5 -14.90 -110.2 69.8 4.0 3.9 1.3 2.0 222.0 4.9 22.3 0.1 Spring 223

Lower Chokecherry Spring 37.53721 -114.69709 6.4 7.3 7.7 -12.98 -98.4 73.2 15.2 26.7 1.6 19.4 296.0 25.0 53.4 -- 59694 1 Spring 261 03/25/04
Lower Chokecherry Spring 37.53721 -114.69709 6.4 7.3 7.7 -12.98 -98.4 73.2 15.2 26.7 1.6 19.4 296.0 25.0 53.4 -- 59694 1 Spring 261 03/25/04

Lower Fairview 38.17573 -114.65551 -- -- -- -12.39 -97.5 -- -- -- -- -- -- -- -- -- -- 1 Spring 281 06/29/04
Lower Fairview 38.17573 -114.65551 -- -- -- -12.39 -97.5 -- -- -- -- -- -- -- -- -- -- 1 Spring 281 06/29/04

Lower Indian Spring 37.45006 -114.65730 21.4 3.6 8.3 -12.62 -96.0 1.9 0.2 95.1 0.8 12.1 221.0 10.4 56.2 -- 58498 1 Spring 267 01/14/04
Lower Indian Spring 37.45006 -114.65730 21.4 3.6 8.3 -12.62 -96.0 1.9 0.2 95.1 0.8 12.1 221.0 10.4 56.2 -- 58498 1 Spring 267 01/14/04

Lower Little Cherry Cr Spring 38.16722 -115.65333 8.0 7.6 -13.90 -103.0 268.0 346 GS135 Spring 182 07/31/85
Lower Little Cherry Cr Spring 38.16722 -115.65333 8.0 7.6 -13.90 -103.0 268.0 346 GS135 Spring 182 07/31/85

Lower Pony Spring 38.31972 -114.60722 20.0 -13.20 -101.0 359 GS142 Spring 190 07/23/81
Lower Pony Spring 38.31972 -114.60722 14.0 7.9 -13.30 -101.0 45.0 2.0 36.0 1.1 10.0 202.0 8.2 47.0 0.1 360 GS143 Spring 190 04/05/85
Lower Pony Spring 38.31972 -114.60722 17.0 #DIV/0! 7.9 -13.25 -101.0 45.0 2.0 36.0 1.1 10.0 202.0 8.2 47.0 0.1 Spring 190

Unnamed Spring in  Snow Creek 40.07837 -114.91138 -16.24 -120.9 -- 62629B DRI-CC-3  Spring 338 05/24/05
Unnamed Spring in  Snow Creek 40.07837 -114.91138 -16.24 -120.9 -- 62629B DRI-CC-3  Spring 338 05/24/05

Lund Spring 38.85000 -115.00250 19.0 5.7 7.5 -15.40 -113.0 56.0 23.0 3.8 0.9 2.8 270.0 11.0 11.0 0.1 429 GS210 Spring 221 04/27/82
Lund Spring 38.85000 -115.00250 19.0 5.7 7.5 -15.40 -113.0 56.0 23.0 3.8 0.9 2.8 270.0 11.0 11.0 0.1 Spring 221

M-8 Spring (Unnamed Spring) 36.72083 -114.72750 -12.75 -99.0 119 PLC15 Spring 68 10/30/85
M-8 Spring (Unnamed Spring) 36.72083 -114.72750 -12.75 -99.0 119 PLC15 Spring 68 10/30/85

M-9 Spring (Unnamed Spring) 36.72583 -114.72722 -12.45 -96.5 126 PLC16 Spring 70 10/30/85
M-9 Spring (Unnamed Spring) 36.72583 -114.72722 -12.45 -96.5 126 PLC16 Spring 70 10/30/85

Maynard Lake Spring (Unnamed Spring) 37.19167 -115.03389 9.6 7.9 -12.30 -94.0 43.0 23.0 114.0 14.0 30.0 405.0 88.0 186 IT136 Spring 94 01/14/85
Maynard Lake Spring (Unnamed Spring) 37.19167 -115.03389 9.6 7.9 -12.30 -94.0 43.0 23.0 114.0 14.0 30.0 405.0 88.0 186 IT136 Spring 94 01/14/85

McDermitt Spring 38.25914 -114.63164 -11.21 -94.3 Spring 323 06/26/04
McDermitt Spring 38.25914 -114.63164 -11.21 -94.3 Spring 323 06/26/04

Meadow Valley Wash, Cal. 37.63581 -114.51357 5.0 7.8 -13.10 -97.0 58.0 25.0 94.6 15.4 59.1 387.0 66.2 59.0 2.0 271 E27 Surface 130 12/00/79
Meadow Valley Wash, Cal. 37.63581 -114.51357 5.0 7.8 -13.10 -97.0 58.0 25.0 94.6 15.4 59.1 387.0 66.2 59.0 2.0 271 E27 Surface 130 12/00/79

Meloy Spring 38.25181 -114.70497 14.4 6.9 7.2 -12.75 -99.8 68.1 12.2 16.4 4.4 24.9 248.0 18.1 54.2 -- 60845 1 Spring 276 06/26/04
Meloy Spring 38.25181 -114.70497 14.4 6.9 7.2 -12.75 -99.8 68.1 12.2 16.4 4.4 24.9 248.0 18.1 54.2 -- 60845 1 Spring 276 06/26/04

Merril's Camp #39 38.18825 -113.866363 8.4 6.27 7.21 -14.13 -102.1 41.8 5.69 8.36 0.38 6.5 156 5.4 15.5 0.09 63597 1 Spring 410 19-Nov-05
Merril's Camp #39 38.18825 -113.866363 8.4 6.27 7.21 -14.13 -102.1 41.8 5.69 8.36 0.38 6.5 156 5.4 15.5 0.09 63597 1 Spring 410 19-Nov-05

Mesquite Wtr Bunkerville 1 36.77528 -114.11806 23.0 7.5 -13.51 -102.5 54.0 28.0 39.0 8.1 31.0 198.0 120.0 25.0 0.9 132 GS49 Well 74 08/17/94
Mesquite Wtr Bunkerville 1 36.77528 -114.11806 23.0 7.5 -13.51 -102.5 54.0 28.0 39.0 8.1 31.0 198.0 120.0 25.0 0.9 132 GS49 Well 74 08/17/94

Mesquite Wtr Bunkerville 2 36.77417 -114.12889 23.0 7.6 -13.51 -102.1 38.0 20.0 50.0 7.5 13.0 220.0 89.0 21.0 1.4 131 GS48 Well 73 08/18/94
Mesquite Wtr Bunkerville 2 36.77417 -114.12889 23.0 7.6 -13.51 -102.1 38.0 20.0 50.0 7.5 13.0 220.0 89.0 21.0 1.4 131 GS48 Well 73 08/18/94

Mesquite Wtr Virgin Vly  5 36.77806 -114.08417 26.5 7.4 -13.78 -103.3 110.0 54.0 100.0 7.6 100.0 145.0 440.0 22.0 0.3 133 GS50 Well 75 08/17/94
Mesquite Wtr Virgin Vly  5 36.77806 -114.08417 26.5 7.4 -13.78 -103.3 110.0 54.0 100.0 7.6 100.0 145.0 440.0 22.0 0.3 133 GS50 Well 75 08/17/94
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Mesquite Wtr Virgin Vly 25 36.80833 -114.07250 23.0 7.6 -12.85 -98.9 55.0 34.0 210.0 9.3 160.0 210.0 300.0 28.0 1.2 152 GS54 Well 79 08/18/94
Mesquite Wtr Virgin Vly 25 36.80833 -114.07250 23.0 7.6 -12.85 -98.9 55.0 34.0 210.0 9.3 160.0 210.0 300.0 28.0 1.2 152 GS54 Well 79 08/18/94

Moapa Well 36.53139 -114.79667 -13.40 -99.0 999 TH-1 Well 41 04/07/00
Moapa Well 36.53139 -114.79667 -13.40 -99.0 999 TH-1 Well 41 04/07/00

Mike's Spring 39.643701 -114.2049 10.7 6.4 6.77 -15.89 -121.1 61.9 18.9 31.8 1.81 29.2 246 34.8 27.5 0.35 63272 Spring 390 23-Aug-05
Mike's Spring 39.643701 -114.2049 10.7 6.4 6.77 -15.89 -121.1 61.9 18.9 31.8 1.81 29.2 246 34.8 27.5 0.35 63272 Spring 390 23-Aug-05

Mirant 36.418611 -114.9575 -13.23 -96.8 USGS 618 Well 622 6/4/2003
Mirant 36.418611 -114.9575 -13.23 -96.8 USGS 618 Well 622 6/4/2003

Monitoring Spring WR1 38.94903 -115.41008 5.7 8.7 7.5 -15.58 -111.2 56.7 10.0 2.5 0.6 1.1 229.0 4.3 7.4 -- 57694 Spring 320 10/12/03
Monitoring Spring WR1 38.94903 -115.41008 6.0 8.5 7.5 -15.32 -113.3 76.0 7.7 2.7 0.7 1.1 259.0 3.3 9.0 -- 59578 Spring 320 03/23/04
Monitoring Spring WR1 38.94903 -115.41008 6.7 9.7 8.0 -15.62 -114.0 60.5 9.9 2.1 0.5 1.0 219.0 3.8 7.8 -- 60784 Spring 320 06/21/04
Monitoring Spring WR1 38.94903 -115.41008 7.3 10.1 7.4 -15.51 -115.7 60.8 10.9 3.2 1.0 1.2 231.0 4.2 7.5 -- 61478 Spring 320 09/22/04
Monitoring Spring WR1 38.94903 -115.41008 5.0 8.6 8.1 -15.58 -115.1 62.0 10.7 2.8 0.8 1.3 227.0 4.5 7.4 -- 61962 5 Spring 320 01/21/05
Monitoring Spring WR1 38.94903 -115.41008 6.4 9.4 6.6 -15.55 -112.3 -- 62632A DRI-WP-1 Spring 320 05/21/05
Monitoring Spring WR1 38.94903 -115.41008 5.9 9.4 6.8 -15.63 -113.2 59.1 9.81 2.38 0.63 1.1 224.0 4.3 7.6 0.52 63218 DRI-WP-1 Spring 320 08/14/05
Monitoring Spring WR1 38.94903 -115.41008 5.7 9.79 7.2 -15.65 -113.8 57.2 10.1 2.34 0.58 1.2 211 4.5 7.4 0.11 63561 Spring 320 5-Nov-05
Monitoring Spring WR1 38.949510 -115.408980 5.7 8.11 7.51 -15.69 -113.8 55.7 9.83 2.45 0.64 1.2 208 4.7 7.3 <.1 64235 WP-1 Spring 320 02/24/06
Monitoring Spring WR1 38.949510 -115.408980 5.9 9.22 7.38 -15.38 -111.8 59.1 6.32 1.89 0.49 1.0 199 2.4 7.8 0.05 64733 WP-1 Spring 320 05/20/06
Monitoring Spring WR1 38.949510 -115.408980 - - - -15.63 -114.1 - - - - - - - - - -- WP-1 Spring 320 07/11/06
Monitoring Spring WR1 38.949510 -115.408980 5.7 8.36 7.12 -15.64 -114.7 56.2 10.1 2.41 0.58 1.3 217 4.8 7.39 0.05 65365 WP-1 Spring 320 08/29/06
Monitoring Spring WR1 38.949510 -115.408980 5.6 8.31 7.20 -15.67 -114.5 56.0 10.2 2.48 0.62 1.2 209 4.6 7.28 0.06 65743 WP-1 Spring 320 11/15/06
Monitoring Spring WR1 38.949510 -115.408980 5.9 NA 7.24 -15.61 -114.6 64.9 8.57 2.36 0.61 0.9 244 3.6 7.1 0.06 65743 WP-1 Spring 320 5/6/2007
Monitoring Spring WR1 38.94903 -115.41008 6.0 9.0 7.4 -15.58 -113.7 60.4 9.5 2.5 0.6 1.2 223.1 4.1 7.6 0.1 14 WP-1 Spring 320

Moon River Spring 38.35167 -115.18083 32.5 2.3 7.4 -15.80 -120.0 55.0 22.0 22.0 4.4 9.3 260.0 44.0 25.0 1.2 362 GS145 Spring 192 04/27/82
Moon River Spring 38.35167 -115.18083 32.5 2.3 7.4 -15.80 -120.0 55.0 22.0 22.0 4.4 9.3 260.0 44.0 25.0 1.2 362 GS145 Spring 192 04/27/82

Moorman Spring 38.59472 -115.13833 37.0 1.7 7.0 -15.70 -119.0 58.0 19.0 24.0 5.9 9.9 47.0 27.0 1.3 405 GS185 Spring 205 07/18/81
Moorman Spring 38.59472 -115.13833 37.0 1.7 7.0 -15.70 -119.0 58.0 19.0 24.0 5.9 9.9 47.0 27.0 1.3 405 GS185 Spring 205 07/18/81

Mormon Well Spring 36.64389 -115.09778 11.5 7.3 -12.90 -92.5 81.0 40.0 11.0 0.4 24.0 16.0 0.1 94 GS32 Spring 53 10/27/81
Mormon Well Spring 36.64389 -115.09778 10.0 5.1 7.6 -12.50 -91.0 65.0 41.0 12.0 1.0 12.0 395.0 21.0 16.0 0.1 95 GS33 Spring 53 05/09/83
Mormon Well Spring 36.64389 -115.09778 12.0 7.4 -12.60 -92.0 84.0 44.0 13.0 0.5 12.0 23.0 17.0 0.2 96 GS34 Spring 53 10/07/87
Mormon Well Spring 36.64389 -115.09778 11.2 5.1 7.4 -12.67 -91.8 76.7 41.7 12.0 0.6 16.0 395.0 22.0 16.3 0.1 Spring 53

Mud Spring (Buck Mts) 39.73587 -115.57036 11.6 9.4 6.9 -15.21 -117.6 -- 62705 DRI-BK-1  Spring 339 06/05/05
Mud Spring (Buck Mts) 39.73587 -115.57036 11.6 9.4 6.9 -15.21 -117.6 -- 62705 DRI-BK-1  Spring 339 06/05/05

Mud Sp Barcass 34 (Snake Range) 39.325706 -114.26714 6.9 7.51 7.13 -15.43 -117.1 73.4 14.5 3.02 0.64 2.5 287 5.4 10.0 <.05 63528 1 Spring 404 25-Oct-05
Mud Sp Barcass 34 (Snake Range) 39.325706 -114.26714 6.9 7.51 7.13 -15.43 -117.1 73.4 14.5 3.02 0.64 2.5 287 5.4 10.0 <.05 63528 1 Spring 404 25-Oct-05

Mud Spring 39.081603 -114.972414 12.4 5.02 7.31 -14.53 -111.0 62.4 11.2 14.1 0.57 8.6 235 18.4 15.2 0.11 65055 ER-29 Spring 446 07/13/06
Mud Spring 39.081603 -114.972414 12.4 5.02 7.31 -14.53 -111.0 62.4 11.2 14.1 0.57 8.6 235 18.4 15.2 0.11 65055 ER-29 Spring 446 07/13/06

Murphy Spring 38.33973 -115.44937 10.6 8.7 6.7 -15.40 -114.5 62833  Spring 373 07/02/05
Murphy Spring 38.33973 -115.44937 10.6 8.7 6.7 -15.40 -114.5 62833  Spring 373 07/02/05

Mustang Spring 37.73553 -114.92166 10.0 3.4 7.0 -12.60 -91.0 111.0 8.0 17.3 6.5 11.4 346.0 58.0 58.0 277 K6 Spring 135 01/14/85
Mustang Spring 37.73553 -114.92166 13.4 6.2 6.8 -12.37 -90.0 105.0 7.8 18.4 6.8 9.9 319.0 61.6 62.1 -- 59691 1 Spring 135 03/24/04
Mustang Spring 37.73553 -114.92166 11.7 4.8 6.9 -12.49 -90.5 108.0 7.9 17.9 6.6 10.7 332.5 59.8 60.1 #DIV/0! Spring 135

Mustang Spring (Snake) 38.86257 -114.27179 4.3 8.4 7.1  -15.30 -111.0 68.0 4.6 1.3 0.4 0.8 5.5 218.0 5.7 2.18 62915 SN-6 Spring 382 07/14/05
Mustang Spring (Snake) 38.86257 -114.27179 4.3 8.4 7.1  -15.30 -111.0 68.0 4.6 1.3 0.4 0.8 5.5 218.0 5.7 2.18 62915 SN-6 Spring 382 07/14/05

MVW above Eagle Canyon 38.02778 -114.18583 19.0 8.2 -12.00 -93.0 328 E6 Surface 168 04/09/85
MVW above Eagle Canyon 38.02778 -114.18583 19.0 8.2 -12.00 -93.0 328 E6 Surface 168 04/09/85

Narrow Canyon Spring 37.36729 -114.67807 9.9 5.8 7.2 -12.47 -92.5 61.9 12.7 17.7 1.9 17.9 228.0 20.8 47.2 -- 59683 1 Spring 257 03/22/04
Narrow Canyon Spring 37.36729 -114.67807 9.9 5.8 7.2 -12.47 -92.5 61.9 12.7 17.7 1.9 17.9 228.0 20.8 47.2 -- 59683 1 Spring 257 03/22/04

Nellis AFB #4 36.24889 -115.00417 -13.20 -95.0 20 PLC36 Well 13 --
Nellis AFB #4 36.24889 -115.00417 -13.20 -95.0 20 PLC36 Well 13 --

Nellis AFB Well #13 36.21222 -115.05000 -13.80 -98.0 18 PLC34 Well 11 --
Nellis AFB Well #13 36.21222 -115.05000 -13.80 -98.0 18 PLC34 Well 11 --

Newels Spring 37.902479 -114.032021 21.5 7.17 7.74 -12.48 -96.0 88.0 16.9 22.6 2.39 39 289 36.5 36.1 0.46 64909 MG-6 Spring 423 06/22/06
Newels Spring 37.902479 -114.032021 21.5 7.17 7.74 -12.48 -96.0 88.0 16.9 22.6 2.39 39 289 36.5 36.1 0.46 64909 MG-6 Spring 423 06/22/06

Nicholas Spring 38.91062 -115.06142 22.0 3.4 7.8 -16.10 -124.0 42.0 19.0 13.0 3.3 24.0 180.0 40.0 20.0 0.6 440 GS219 Spring 227 04/27/82
Nicholas Spring 38.91062 -115.06142 22.0 3.4 7.8 -16.10 -124.0 42.0 19.0 13.0 3.3 24.0 180.0 40.0 20.0 0.6 440 GS219 Spring 227 04/27/82

North Creek Spring 38.71056 -114.73056 8.5 6.9 -14.60 -105.0 9.1 1.6 2.2 0.9 1.3 25.0 3.8 12.0 0.4 420 GS198 Spring 214 04/03/85
North Creek Spring 38.71056 -114.73056 8.5 6.9 -14.60 -105.0 9.1 1.6 2.2 0.9 1.3 25.0 3.8 12.0 0.4 420 GS198 Spring 214 04/03/85

North Lee Well 37.82444 -114.38444 22.0 8.0 -13.30 -101.0 59.0 12.0 44.0 9.9 48.0 220.0 33.0 54.0 1.0 299 GS109 Well 147 06/04/85
North Lee Well 37.82444 -114.38444 22.0 8.0 -13.30 -101.0 59.0 12.0 44.0 9.9 48.0 220.0 33.0 54.0 1.0 299 GS109 Well 147 06/04/85

North Spring 39.15611 -114.96306 5.5 -15.00 -113.0 4.2 459 GS245 Spring 237 06/17/83
North Springs 39.154903 -114.962777 6.3 7.14 7.42 -15.21 -111.7 54.3 9.63 3.44 0.52 1.4 201 10.7 9.3 0.10 65041 ER-15 Spring 432 07/12/06
North Spring 39.15551 -114.96292 5.90000 7.14000 7.42000 -15.11 -112.4 54.30000 9.63000 3.44000 0.52000 2.80000 201.00000 10.70000 9.30000 0.10000 459 GS245 Spring 237 06/17/83
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Oak Spring 37.60547 -114.71015 10.5 7.1 7.1 -11.87 -90.0 84.9 16.5 64.1 2.0 41.1 355.0 34.2 56.5 -- 58502 1 Spring 269 01/16/04
Oak Spring 37.60547 -114.71015 10.5 7.1 7.1 -11.87 -90.0 84.9 16.5 64.1 2.0 41.1 355.0 34.2 56.5 -- 58502 1 Spring 269 01/16/04

Ox Valley Spring 37.970526 -114.059658 8.8 6.03 7.02 -13.95 -100.0 37.5 6.97 5.23 0.50 4.6 118 25.0 12.4 0.63 64908 MG-5 Spring 422 06/22/06
Ox Valley Spring 37.970526 -114.059658 8.8 6.03 7.02 -13.95 -100.0 37.5 6.97 5.23 0.50 4.6 118 25.0 12.4 0.63 64908 MG-5 Spring 422 06/22/06

Oxborrow Well 37.88611 -114.30472 11.5 7.9 -11.80 -92.0 130.0 22.0 65.0 11.0 140.0 351.0 63.0 58.0 0.8 303 GS112 Well 150 06/05/85
Oxborrow Well 37.88611 -114.30472 11.5 7.9 -11.80 -92.0 130.0 22.0 65.0 11.0 140.0 351.0 63.0 58.0 0.8 303 GS112 Well 150 06/05/85

Pahroc Spring 37.66466 -114.98065 16.0 0.8 7.6 -12.50 -89.0 30.9 8.3 12.3 5.6 11.7 135.0 11.4 59.0 272 K5 Spring 131 01/14/85
Pahroc Spring 37.66466 -114.98065 14.4 5.7 7.4 -12.65 -94.0 25.6 6.7 40.1 5.7 13.1 169.0 12.9 66.8 -- 58494 1 Spring 131 01/16/04
Pahroc Spring 37.66466 -114.98065 16.0 7.3 6.6 -12.79 -93.5 31.3 8.3 12.7 5.2 12.6 134.0 12.8 62.1 -- 61106C DRI-PR-1  Spring 131 04/30/05
Pahroc Spring 37.66466 -114.98065 15.5 4.6 7.2 -12.65 -92.2 29.3 7.8 21.7 5.5 12.5 146.0 12.4 62.6 #DIV/0!  Spring 131

Panaca Spring 37.80754 -114.38086 29.0 5.6 7.8 -13.90 -106.0 32.0 9.8 36.0 6.8 15.0 29.0 45.0 1.6 294 GS107 Spring 144 04/26/84
Panaca Spring 37.80754 -114.38086 29.5 7.9 -14.00 -108.0 34.0 10.0 38.0 7.1 16.0 25.0 50.0 1.5 292 GS105 Spring 144 04/08/85
Panaca Spring 37.80754 -114.38086 28.5 6.2 7.8 -14.20 -106.5 33.0 10.0 37.0 6.7 17.0 27.0 48.0 1.4 293 GS106 Spring 144 11/11/86
Panaca Spring 37.80754 -114.38086 -107.0 293 DRI Spring 144 11/11/86
Panaca Spring 37.80754 -114.38086 28.4 4.0 7.8 -14.11 -107.4 32.4 10.4 38.0 7.4 17.8 176.0 30.4 52.4 -- 61619 Spring 144 10/20/04
Panaca Spring 37.80754 -114.38086 28.6 5.4 7.7 -14.25 -107.9 32.6 10.3 37.9 7.2 17.3 177.0 29.3 49.7 -- 61969 2 Spring 144 01/24/05
Panaca Spring 37.80754 -114.38086 28.3 4.7 7.0 -14.15 -107.1 -- 62626 DRI-MW-1 Spring 144 05/20/05
Panaca Spring 37.80754 -114.38086 28.9 4.4 7.0 -14.17 -106.4 63231 DRI-MW-1 Spring 144 08/16/05
Panaca Spring 37.80754 -114.38086 28.7 4.6 7.6 -14.18 -106.8 30.0 10.3 37.6 7.00 17.4 179 29.1 49.0 1.42 63571 Spring 144 9-Nov-05
Panaca Spring 37.80754 -114.38086 28.8 4.15 7.71 -14.20 -105.8 34.2 10.2 37.9 6.97 17.9 178 29.7 48.8 1.50 64169 MW-1 Spring 144 02/17/06
Panaca Spring 37.80754 -114.38086 28.8 5.9 7.8 -14.17 -107.1 32.6 9.97 37.0 9.66 18.2 180 30.7 50.2 1.48 64743 MW-1 Spring 144 05/22/06
Panaca Spring 37.80754 -114.38086 29.10 5.85 7.67 -14.24 -107.0 32.6 10.2 34.6 6.06 17.8 184 30.5 49.8 1.51 65289 MW-1 Spring 144 08/23/06
Panaca Spring 37.80754 -114.38086 28.9 4.43 7.62 -14.14 -106.9 32.7 10.0 37.0 1.74 17.3 175 29.8 49.9 1.52 65654 MW-1 Spring 144 10/28/06
Panaca Spring 37.80754 -114.38086 28.8 5.0 7.6 -14.14 -106.9 32.6 10.1 37.1 6.7 17.2 178.4 29.1 49.3 1.5  Spring 144

Panaca Town Well 37.79722 -114.39917 29.5 7.9 -14.00 -106.0 45.0 1.0 47.0 8.3 19.0 203.0 68.0 58.0 1.8 291 E16 Well 143 06/04/85
Panaca Town Well 37.79722 -114.39917 29.5 7.9 -14.00 -106.0 45.0 1.0 47.0 8.3 19.0 203.0 68.0 58.0 1.8 291 E16 Well 143 06/04/85

Parsnip Spring 38.14944 -114.26250 19.0 7.7 -12.80 -93.5 16.0 3.0 12.0 2.2 7.5 70.0 9.1 41.0 0.1 344 GS134 Spring 180 06/05/85
Parsnip Spring 38.14944 -114.26250 19.0 7.7 -12.80 -93.5 16.0 3.0 12.0 2.2 7.5 70.0 9.1 41.0 0.1 344 GS134 Spring 180 06/05/85

Patterson Pass Spring WR3 38.60280 -114.71481 12.0 6.0 6.6 -14.91 -106.5 58.4 9.0 22.4 0.3 10.6 230.0 23.2 17.5 -- 57755 Spring 305 10/30/03
Patterson Pass Spring WR3 (duplicate sample) 38.60280 -114.71481 -- -- -- -14.94 -109.2 -- -- -- -- -- -- -- -- -- 57755 5 Spring 305 10/30/03
Patterson Pass Spring WR3 38.60280 -114.71481 11.8 3.6 6.1 -16.25 -114.4 19.5 3.8 2.0 1.4 0.9 68.6 9.6 10.8 -- 59579 DRI-SC-2 Spring 305 03/24/04
Patterson Pass Spring WR3 38.60280 -114.71481 11.5 6.2 7.1 -14.84 -109.1 19.8 4.6 3.0 1.5 1.2 67.0 9.8 11.1 -- 60786 DRI-SC-2 Spring 305 06/23/04
Patterson Pass Spring WR3 38.60280 -114.71481 12.0 5.9 7.5 -14.79 -107.9 18.5 3.9 1.9 1.4 0.9 66.5 9.4 10.2 -- 61480 DRI-SC-2 Spring 305 09/23/04
Patterson Pass Spring WR3 38.60280 -114.71481 11.7 5.5 6.8 -14.77 -108.3 20.5 4.1 2.2 1.5 1.2 71.6 9.8 10.5 -- 61967 DRI-SC-2 Spring 305 01/23/05
Patterson Pass Spring WR3 38.60280 -114.71481 11.4 6.0 6.7 -14.71 -106.8 -- 61481 DRI-SC-2  Spring 305 05/20/05
Patterson Pass Spring WR3 38.60280 -114.71481 -14.83 -107.6 18.8 3.66 1.89 1.41 1.0 65.5 8.7 10.1 0.73 63220 DRI-SC-2  Spring 305 08/15/05
Patterson Pass Spring WR3 38.60280 -114.71481 12.1 6.08 6.97 -14.87 -107.5 19.3 3.74 1.90 1.35 1.1 63.8 8.7 10.0 0.44 63566 Spring 11/07/05
Patterson Pass Spring WR3 38.602800 -114.714880 11.8 7.09 6.78 -14.91 -108.1 19.6 3.82 1.86 1.23 1.1 65.9 9.1 10.2 0.46 65371 SC-2 Spring 305 08/31/06
Patterson Pass Spring WR3 38.602800 -114.714880 12.2 6.80 6.87 -14.89 -108.4 19.2 3.81 2.07 1.43 1.0 66.3 8.8 10.1 0.47 65653 SC-2 Spring 305 10/28/06
Patterson Pass Spring WR3 38.602800 -114.714880 11.9 6.38 6.52 -14.90 -106.9 19.4 3.68 1.86 1.42 1.2 65.0 8.8 10.1 0.46 64239 SC-2 Spring 305 02/26/06
Patterson Pass Spring WR3 38.602800 -114.714880 11.7 7.47 6.95 -14.86 -108.5 19.2 3.80 2.2 1.20 1.2 67.2 9.1 10.2 0.47 64738 SC-2 Spring 305 05/23/06
Patterson Pass Spring WR3 38.602800 -114.714880 - - - -14.86 -107.9 - - - - - - - - - -- SC-2 Spring 305 07/14/06
Patterson Pass Spring WR3 38.602800 -114.714880 11.7 NA 6.6 -14.96 -108.5 19.9 3.82 1.99 1.40 1.0 69.0 8.4 9.59 0.47 65653 SC-2 Spring 305 5/7/2007
Patterson Pass Spring WR3 38.60280 -114.71481 11.8 6.1 6.8 -14.95 -108.4 22.7 4.3 3.8 1.3 1.9 66.9 10.3 10.9 0.5  Spring 305

Peach Spring 36.95444 -114.28972 15.1 -10.40 -76.5 173 GS62 Spring 88 02/06/84
Peach Spring 36.95444 -114.28972 15.1 -10.40 -76.5 173 GS62 Spring 88 02/06/84

Pederson's East 36.70933 -114.71556 32.0 2.4 7.3 -12.92 -97.0 64.3 28.5 96.4 11.6 66.1 255.0 178.0 30.3 -- 58497 DRI-MV-2 Spring 290 01/12/04
Pederson's East 36.70933 -114.71556 31.9 2.7 7.4 -12.92 -97.0 64.6 27.6 94.2 11.1 61.4 264.0 181.0 29.1 -- 60307 DRI-MV-2 Spring 290 05/18/04
Pederson's East 36.70933 -114.71556 -12.98 -98.4 68.2 28.3 94.0 11.3 61.5 257.0 178.0 31.2 -- 61613 DRI-MV-2 Spring 290 10/19/04
Pederson's East 36.70933 -114.71556 31.2 3.2 7.4 -12.89 -98.3 64.4 27.7 95.6 11.2 62.0 253.0 181.0 29.5 -- 62032 4 DRI-MV-2 Spring 290 02/10/05
Pederson's East 36.70933 -114.71556 32.0 3.0 6.8 -12.96 -98.3 -- 62033 DRI-MV-2  Spring 290 06/08/05
Pederson East 36.709330 -114.715560 31.6 2.7 7.32 -13.00 -97.5 64.8 27.7 95.7 10.1 61.0 254 180 29.1 2.19 64173 MV-2 Spring 290 02/16/06
Pederson East 36.709330 -114.715560 31.7 2.65 7.28 -13.02 -97.7 63.4 27.3 92.7 11.1 61.7 253 182 29.4 2.19 64901 MV-2 Spring 290 06/21/06
Pederson East 36.709330 -114.715560 32.00 2.76 7.25 -13.06 -97.4 64.8 28.1 86.0 9.64 61.8 257 183 29.1 2.16 65287 MV-2 Spring 290 08/23/06
Pederson East 36.709330 -114.715560 31.9 2.63 7.30 -13.03 -98.7 63.9 27.8 93.3 11.0 59.3 253 179 29.0 2.20 65663 MV-2 Spring 290 10/30/06
Pederson's East 36.70933 -114.71556 31.8 2.8 7.3 -12.98 -97.8 64.8 27.9 93.5 10.9 61.9 255.8 180.3 29.6 2.2 Spring 290

Pederson's Warm Spring (M-13) 36.70958 -114.71594 -98.0 113.2 jim Spring 67 1/00/69
Pederson's Warm Spring (M-13) 36.70958 -114.71594 -97.0 113.2 jim Spring 67 3/00/70
Pederson's Warm Spring (M-13) 36.70958 -114.71594 32.5 7.2 -12.90 -96.5 66.0 26.0 96.0 10.0 61.0 270.0 190.0 62.1 2.1 113 IT249 Spring 67 07/22/81
Pederson's Warm Spring (M-13) 36.70958 -114.71594 -12.75 -97.0 118 PLC17 Spring 67 10/30/85
Pederson's Warm Spring (M-13) 36.70958 -114.71594 -13.05 -99.0 115 IT251 Spring 67 01/07/88
Pederson's Warm Spring (M-13) 36.70958 -114.71594 -12.85 -96.9 USGS spring 7/30/2003
Pederson's Warm Spring (M-13) 36.70958 -114.71594 31.6 2.2 7.3 -12.91 -97.2 65.3 28.4 99.2 11.4 67.7 261.0 189.0 28.4 -- 58488 DRI-MV-1 Spring 67 01/12/04
Pederson's Warm Spring (M-13) 36.70958 -114.71594 31.1 3.8 7.4 -12.85 -97.5 65.4 27.8 97.2 10.9 65.9 265.0 184.0 29.2 -- 60306 DRI-MV-1 Spring 67 05/18/04
Pederson's Warm Spring (M-13) 36.70958 -114.71594 -12.92 -97.4 64.5 27.8 97.2 11.0 63.0 257.0 183.0 30.6 -- 61617 DRI-MV-1 Spring 67 10/19/04
Pederson's Warm Spring (M-13) 36.70958 -114.71594 31.2 3.0 7.3 -12.91 -98.0 64.8 27.4 98.8 10.9 63.2 256.0 186.0 29.8 -- 62031 4 DRI-MV-1 Spring 67 02/10/05
Pederson's Warm Spring (M-13) 36.70958 -114.71594 31.9 3.6 7.0 -12.91 -97.6 -- 62032 DRI-MV-1  Spring 67 06/08/05
Pederson's Warm Spring (M-13) 36.709580 -114.715940 31.3 2.65 7.34 -13.02 -97.2 66.6 27.7 99.2 10.6 62.4 255 185 29.4 2.20 64172 MV-1 Spring 67 02/16/06
Pederson's Warm Spring (M-13) 36.709580 -114.715940 31.6 4.3 7.39 -12.98 -98.1 64.1 27.2 95.2 10.9 62.9 255 186 29.1 2.18 64900 MV-1 Spring 67 06/21/06
Pederson's Warm Spring (M-13) 36.709580 -114.715940 31.80 2.92 7.24 -13.01 -97.7 65.3 28.2 90.0 9.3 63.7 251 187 29.2 2.15 65286 MV-1 Spring 67 08/23/06
Pederson's Warm Spring (M-13) 36.709580 -114.715940 31.5 2.33 7.35 -13.04 -97.3 64.8 27.8 97.0 10.9 61.3 254 184 28.8 2.23 65664 MV-1 Spring 67 10/30/06
Pederson's Warm Spring (M-13) 36.70958 -114.71594 31.6 3.1 7.3 -12.93 -97.5 65.2 27.6 96.6 10.7 63.5 258.2 186.0 33.0 2.2 9  Spring 67

Perry Sp Barcass 37 38.332851 -114.975864 12.1 4.81 7.06 -15.04 -107.7 78.9 20.9 24.1 2.64 19.1 333 25.1 27.9 0.22 63531 1 Spring 408 27-Oct-05
Perry Sp Barcass 37 38.332851 -114.975864 12.1 4.81 7.06 -15.04 -107.7 78.9 20.9 24.1 2.64 19.1 333 25.1 27.9 0.22 63531 1 Spring 408 27-Oct-05
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Pine Spring 37.90800 -114.55132 4.5 -13.40 -99.0 312 1 GS116 Spring 157 04/07/85
Pine Spring 37.90800 -114.55132 -- -- -- -13.33 -99.0 -- -- -- -- -- -- -- -- -- -- 1 Spring 157 06/24/04
Pine Spring 37.90800 -114.55132 4.5 #DIV/0! #DIV/0! -13.37 -99.0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 2 Spring 157

Pine Springs (Egan Range) 39.117546 -114.944249 8.7 7.9 7.9 -15.71 -116.0 71.1 9.58 3.69 0.46 0.7 246 13.9 10.9 0.10 65043 ER-17 Spring 434 07/12/06
Pine Springs (Egan Range) 39.117546 -114.944249 8.7 7.9 7.9 -15.71 -116.0 71.1 9.58 3.69 0.46 0.7 246 13.9 10.9 0.10 65043 ER-17 Spring 434 07/12/06

Preston Big Spring 38.93331 -115.08222 21.0 3.1 7.7 -15.60 -126.0 44.0 20.0 13.0 2.9 14.0 185.0 36.0 20.0 0.4 450 GS224 Spring 231 06/16/83
Preston Big Spring 38.93331 -115.08222 22.0 3.1 7.7 -15.90 -123.0 45.0 20.0 13.0 3.0 15.0 38.0 19.0 0.4 452 GS226 Spring 231 06/26/84
Preston Big Spring 38.93331 -115.08222 21.2 2.6 7.3 -15.87 -122.6 40.7 19.4 13.6 3.1 15.9 182.0 37.7 19.9 -- 61483 DRI-WV-1 Spring 231 09/25/04
Preston Big Spring 38.93331 -115.08222 20.8 3.1 7.6 -15.89 -122.4 41.9 19.8 13.0 3.2 16.0 176.0 38.1 19.9 -- 61968 2 DRI-WV-1 Spring 231 01/24/05
Preston Big Spring 38.93331 -115.08222 21.1 3.1 7.5 -15.86 -120.0 -- 62627 DRI-WV-1  Spring 231 05/21/05
Preston Big Spring 38.93331 -115.08222 21.1 3.0 7.0 -15.88 -121.2 63227 DRI-WV-1  Spring 231 08/14/05
Preston Big Spring 38.93331 -115.08222 20.9 2.6 7.77 -15.86 -120.4 41.9 19.6 12.6 3.08 15.8 174 38.1 20.0 0.34 63563 Spring 231 6-Nov-05
Preston Big Spring 38.933310 -115.082220 21.3 3.79 7.66 -15.95 -121.8 41.6 19.2 13.2 3.16 16.5 175 39.9 20.4 0.36 64735 WV-1 Spring 231 05/20/06
Preston Big Spring 38.933310 -115.082220 - - - -15.98 -121.7 - - - - - - - - - -- WV-1 Spring 231 07/12/06
Preston Big Spring 38.933310 -115.082220 21 2.7 7.54 -15.96 -121.6 42.0 19.7 12.5 2.94 16.1 183 39.6 19.9 0.35 65366 WV-1 Spring 231 08/29/06
Preston Big Spring 38.933310 -115.082220 21.0 3.04 7.66 -15.88 -120.9 41.8 19.6 12.7 3.16 15.6 174 39.0 19.8 0.36 65652 WV-1 Spring 231 10/27/06
Preston Big Spring 38.93331 -115.08222 21.1 3.0 7.6 -15.88 -122.0 42.4 19.7 13.0 3.1 15.6 178.4 38.3 19.9 0.4  Spring 231

Quaking Aspen Spring 37.37563 -114.24255 9.6 3.2 6.2 -12.98 -93.6 13.8 3.7 11.4 1.5 4.1 83.3 2.1 49.6 -- 61100 1 Spring 255 07/31/04
Quaking Aspen Spring 37.37563 -114.24255 9.6 3.2 6.2 -12.98 -93.6 13.8 3.7 11.4 1.5 4.1 83.3 2.1 49.6 -- 61100 1 Spring 255 07/31/04

Rabbit Brush 39.18383 -114.27363 -- -- -- -15.50 -117.1 1.00 Spring 412 26-Oct-05
Rabbit Brush 39.18383 -114.27363 -- -- -- -15.50 -117.1 1.00 Spring 412 26-Oct-05

Railroad Well 37.35111 -114.53389 16.0 7.6 -11.60 -86.0 42.0 14.0 98.0 8.8 42.0 300.0 60.0 51.0 2.3 204 GS77 Well 103 01/31/84
Railroad Well 37.35111 -114.53389 16.0 7.6 -11.60 -86.0 42.0 14.0 98.0 8.8 42.0 300.0 60.0 51.0 2.3 204 GS77 Well 103 01/31/84

Railroad Well (Farrier, NV) 36.81361 -114.65389 22.8 8.0 -12.50 -97.5 84.0 31.0 150.0 19.0 52.0 64.0 550.0 23.0 1.6 154 USGS Well 80 02/04/84
Railroad Well (Farrier, NV) 36.81361 -114.65389 22.8 8.0 -12.50 -97.5 84.0 31.0 150.0 19.0 52.0 64.0 550.0 23.0 1.6 154 USGS Well 80 02/04/84

Raised Sp Barcass 36 38.972591 -114.370414 10.8 7.62 6.07 -13.54 -103.7 7.01 1.77 2.38 0.66 1.0 31.2 2.4 11.4 0.05 63532 1 Spring 407 27-Oct-05
Raised Sp Barcass 36 38.972591 -114.370414 10.8 7.62 6.07 -13.54 -103.7 7.01 1.77 2.38 0.66 1.0 31.2 2.4 11.4 0.05 63532 1 Spring 407 27-Oct-05

Ram. Res. Wtr Supply Well 39.74333 -115.45111 11.9 50.0 8.0 -16.75 -129.5 155.0 470 GS261 Well 244 07/19/85
Ram. Res. Wtr Supply Well 39.74333 -115.45111 11.9 50.0 8.0 -16.75 -129.5 155.0 470 GS261 Well 244 07/19/85

Ramone Mathews Well 37.52667 -114.24417 18.5 7.8 -12.30 -92.0 42.0 6.3 20.0 5.9 15.0 171.0 12.0 61.0 0.3 233 GS86 Well 115 06/03/85
Ramone Mathews Well 37.52667 -114.24417 18.5 7.8 -12.30 -92.0 42.0 6.3 20.0 5.9 15.0 171.0 12.0 61.0 0.3 233 GS86 Well 115 06/03/85

Randono Well 37.32389 -114.50222 17.2 7.6 -11.70 -87.5 46.0 14.0 100.0 8.4 44.0 350.0 63.0 54.0 2.3 200 GS75 Well 100 02/03/84
Randono Well 37.32389 -114.50222 17.2 7.6 -11.70 -87.5 46.0 14.0 100.0 8.4 44.0 350.0 63.0 54.0 2.3 200 GS75 Well 100 02/03/84

Rattlesnake Spring 37.82624 -114.93012 14.1 7.4 7.8 -12.65 -97.3 47.6 7.5 27.6 5.2 16.5 199.0 19.3 52.5 -- 59692 1 Spring 302 03/24/04
Rattlesnake Spring 37.82624 -114.93012 14.1 7.4 7.8 -12.65 -97.3 47.6 7.5 27.6 5.2 16.5 199.0 19.3 52.5 -- 59692 1 Spring 302 03/24/04

Red Rock Spring 37.56698 -114.75320 10.0 -- 7.3 -12.30 -95.0 85.4 13.3 28.4 2.4 15.7 332.0 16.3 41.1 -- 58495 1 Spring 256 01/10/04
Red Rock Spring 37.56698 -114.75320 10.0 -- 7.3 -12.30 -95.0 85.4 13.3 28.4 2.4 15.7 332.0 16.3 41.1 -- 58495 1 Spring 256 01/10/04

Reed Spring 37.55731 -115.41800 -- -- -- -14.24 -98.4 49.6 14.2 13.7 2.8 17.3 199.0 18.9 43.9 -- 60843 1 Spring 289 06/25/04
Reed Spring 37.55731 -115.41800 -- -- -- -14.24 -98.4 49.6 14.2 13.7 2.8 17.3 199.0 18.9 43.9 -- 60843 1 Spring 289 06/25/04

Ripgut Sp #40 38.248018 -114.039204 18.7 5.67 6.95 -14.38 -106.4 25.2 4.58 18.2 8.17 17.0 116 6.4 63.5 0.15 63598 1 Spring 411 19-Nov-05
Ripgut Sp #40 38.248018 -114.039204 18.7 5.67 6.95 -14.38 -106.4 25.2 4.58 18.2 8.17 17.0 116 6.4 63.5 0.15 63598 1 Spring 411 19-Nov-05

Robison Spring 38.21273 -114.70636 -- -- -- -12.34 -97.9 -- -- -- -- -- -- -- -- -- -- 1 Spring 279 06/29/04
Robison Spring 38.21273 -114.70636 -- -- -- -12.34 -97.9 -- -- -- -- -- -- -- -- -- -- 1 Spring 279 06/29/04

Robbers Roost #2 Spring (Butte) 39.49596 -115.28046 12.7 1.3 6.2 -14.39 -112.0 -- 62703 DRI-BT-5  Spring 340 06/04/05
Robbers Roost #2 Spring (Butte) 39.49596 -115.28046 12.7 1.3 6.2 -14.39 -112.0 -- 62703 DRI-BT-5  Spring 340 06/04/05

Robbers Roost Spring (Schell Ck) 38.77051 -114.78331 -14.75 -109.7 58.8 27.9 11.2 0.56 7.2 304.0 21.7 14.3 0.10 62978 SC-5 Spring 389 07/31/01
Robbers Roost Spring (Schell Ck) 38.77051 -114.78331 -14.75 -109.7 58.8 27.9 11.2 0.56 7.2 304.0 21.7 14.3 0.10 62978 SC-5 Spring 389 07/31/01

Rock Springs 39.859787 -114.472767 9.4 5.1 6.05 -15.17 -118.4 50.0 8.01 12.5 0.91 5.8 188 15.7 38.2 0.05 63281 1 Spring 399 25-Aug-05
Rock Springs 39.859787 -114.472767 9.4 5.1 6.05 -15.17 -118.4 50.0 8.01 12.5 0.91 5.8 188 15.7 38.2 0.05 63281 1 Spring 399 25-Aug-05

Rogers Spring 36.37750 -114.44389 30.5 2.3 7.0 -12.20 -92.0 410.0 140.0 280.0 21.0 330.0 1600.0 18.0 1.3 35 GS10 Spring 21 07/21/81
Rogers Spring 36.37750 -114.44389 30.0 7.5 -12.40 -92.0 423.0 143.0 291.0 22.7 327.0 161.0 1620.0 16.8 1.4 33 PL11 Spring 21 03/19/92
Rogers Spring 36.37750 -114.44389 30.0 2.6 7.0 -12.40 -91.0 32 PL11 Spring 21 02/08/96
Rogers Spring 36.37750 -114.44389 30.2 2.5 7.2 -12.33 -91.7 416.5 141.5 285.5 21.9 328.5 161.0 1610.0 17.4 1.4 2 Spring 21

Ryans Spring D 38 38.331207 -113.928551 8 2.2 7.07 -13.68 -103.5 80.8 8.31 24.9 0.91 41.5 264 22.8 33.3 0.09 63596 Spring 409 19-Nov-05
Ryans Spring D 38 38.331207 -113.928551 8 2.2 7.07 -13.68 -103.5 80.8 8.31 24.9 0.91 41.5 264 22.8 33.3 0.09 63596 Spring 409 19-Nov-05

Rye Patch Spring 36.57967 -115.30586 9.7 8.1 7.5 -12.31 -89.3 49.5 24.2 16.0 2.0 17.5 218.0 22.0 13.7 -- 62397 DRI-SR-5  Spring 341 04/28/05
Rye Patch Spring 36.57967 -115.30586 9.7 8.1 7.5 -12.31 -89.3 49.5 24.2 16.0 2.0 17.5 218.0 22.0 13.7 -- 62397 DRI-SR-5  Spring 341 04/28/05

Saddle Spring (White Pine) 38.97541 -115.40023 -15.00 -116.0 3.1 438 1 GS217 Spring 225 06/15/83
Saddle Spring (White Pine) 38.97541 -115.40023 7.6 6.9 6.2 -15.66 -118.6 62820 1 WP-2  Spring 357 06/28/05
Saddle Spring (White Pine) 38.97541 -115.40023 -- -- -- -15.70 -115.7 -- -- -- -- -- -- -- -- -- 1 WP-2 Spring 357 10/12/03
Saddle Spring (White Pine) 38.97541 -115.40023 7.6 6.9 6.2 -15.45 -116.8 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 3 Spring 357
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Sage Hen Spring 39.11533 -115.39212 7.7 7.0 6.2 -14.76 -112.4 -- 62714 DRI-WP-9  Spring 342 06/06/05
Sage Hen Spring 39.11533 -115.39212 7.7 7.0 6.2 -14.76 -112.4 -- 62714 DRI-WP-9  Spring 342 06/06/05

Sand Spring 39.33056 -115.45500 13.0 -16.20 -123.0 465 GS250 Spring 239 07/14/81
Sand Spring 39.33056 -115.45500 13.0 -16.20 -123.0 465 GS250 Spring 239 07/14/81

Sammy Spring 39.43597 -115.32453 11.6 6.9 6.9 -15.30 -117.6 -- 62628 DRI-BT-2  Spring 343 05/24/05
Sammy Spring 39.43597 -115.32453 11.6 6.9 6.9 -15.30 -117.6 -- 62628 DRI-BT-2  Spring 343 05/24/05

Sandstone Spring 36.21111 -114.55667 11.0 2.0 7.0 -10.50 -79.0 209.0 79.2 21.9 5.0 16.9 249.0 725.0 13.8 17 PL16 Spring 10 02/07/96
Sandstone Spring 36.21111 -114.55667 11.0 2.0 7.0 -10.50 -79.0 209.0 79.2 21.9 5.0 16.9 249.0 725.0 13.8 17 PL16 Spring 10 02/07/96

Sawmill Spring (Sheep) 36.68056 -115.17611 -12.85 -92.0 12.0 29.0 1.8 0.6 2.1 5.9 6.1 0.2 101 GS36 Spring 58 05/19/88
Sawmill Spring (Sheep) 36.68056 -115.17611 -12.85 -92.0 12.0 29.0 1.8 0.6 2.1 5.9 6.1 0.2 101 GS36 Spring 58 05/19/88

Sawmill Spring (Delamar Range) 37.36762 -114.69708 10.3 10.3 6.9 -12.58 -88.7 56.2 10.4 18.9 2.2 16.6 220.0 19.0 41.7 -- 59685 1 Spring 259 03/22/04
Sawmill Spring  (Delamar Range) 37.36762 -114.69708 10.3 10.3 6.9 -12.58 -88.7 56.2 10.4 18.9 2.2 16.6 220.0 19.0 41.7 -- 59685 1 Spring 259 03/22/04

Sawmill Spring West 37.36734 -114.69749 9.7 6.6 6.5 -12.86 -91.8 33.9 4.6 12.1 2.0 7.4 146.0 7.0 36.8 -- 59684 1 Spring 258 03/22/04
Sawmill Spring West 37.36734 -114.69749 9.7 6.6 6.5 -12.86 -91.8 33.9 4.6 12.1 2.0 7.4 146.0 7.0 36.8 -- 59684 1 Spring 258 03/22/04

Scirpus Spring (No spring on Map) 36.37694 -114.44917 17.0 0.7 7.1 -12.00 -90.0 513.0 186.0 350.0 25.3 386.0 266.0 2040.0 20.4 30 PL12 Spring 20 02/07/96
Scirpus Spring (No spring on Map) 36.37694 -114.44917 17.0 0.7 7.1 -12.00 -90.0 513.0 186.0 350.0 25.3 386.0 266.0 2040.0 20.4 30 PL12 Spring 20 02/07/96

Scotty Spring 38.16479 -114.68374 14.2 1.9 7.1 -12.73 -98.9 67.3 12.6 23.0 1.4 30.7 254.0 21.1 44.6 -- 60846 1 Spring 272 06/26/04
Scotty Spring 38.16479 -114.68374 14.2 1.9 7.1 -12.73 -98.9 67.3 12.6 23.0 1.4 30.7 254.0 21.1 44.6 -- 60846 1 Spring 272 06/26/04

Seaman Spring 37.86120 -115.19877 -- -- -- -13.13 -99.0 -- -- -- -- -- -- -- -- -- -- 1 Spring 306 06/25/04
Seaman Spring 37.86120 -115.19877 -- -- -- -13.13 -99.0 -- -- -- -- -- -- -- -- -- -- 1 Spring 306 06/25/04

Second Sawmill Spring 38.87583 -114.89861 6.5 -14.70 -110.0 431 GS212 Spring 222 08/01/85
Second Sawmill Spring 38.87583 -114.89861 6.5 -14.70 -110.0 431 GS212 Spring 222 08/01/85

Secret Spring 38.83889 -115.28972 -14.00 -110.0 11.0 427 GS208 Spring 220 06/16/83
Secret Spring 38.83889 -115.28972 -14.00 -110.0 11.0 427 GS208 Spring 220 06/16/83

Sheep Spring (Clover) 37.40063 -114.27779 10.0 6.8 -12.00 -87.0 24.0 5.0 9.8 1.3 7.9 96.0 7.0 33.0 0.7 209.5 Jim Spring 108 06/03/85
Sheep Spring (Clover) 37.40063 -114.27779 18.5 1.1 6.9 -12.06 -90.5 32.7 6.5 11.8 2.0 9.8 143.0 5.1 45.5 -- 61097 1 DRI-CR-9 Spring 108 07/31/04
Sheep Spring (Clover) 37.40063 -114.27779 14.3 1.1 6.9 -12.03 -88.8 28.4 5.7 10.8 1.7 8.9 119.5 6.1 39.3 0.7 209.5 Spring 108

Sheep Spring (Schell Ck) 38.67611 -114.77667 14.0 6.7 6.6 -13.70 -99.5 8.0 2.1 2.8 1.5 46.0 4.1 14.0 <.1 418 GS194 Spring 212 08/02/85
Sheep Spring (Schell Ck) 38.67611 -114.77667 14.0 6.7 6.6 -13.70 -99.5 8.0 2.1 2.8 1.5 46.0 4.1 14.0 <.1 418 GS194 Spring 212 08/02/85

Sheep Spring (Sheep Range) 36.89500 -115.11472 15.0 6.5 7.8 -13.35 -96.0 31.0 40.0 7.9 1.1 7.1 13.0 13.0 0.2 159 GS57 Spring 83 05/19/88
Sheep Spring (Sheep Range) 36.89500 -115.11472 15.0 6.5 7.8 -13.35 -96.0 31.0 40.0 7.9 1.1 7.1 13.0 13.0 0.2 GS57 Spring 83 05/19/88

Shellback Spring 39.13197 -115.38436 7.7 8.8 6.5 -16.54 -123.6 -- 62719 DRI-WP-14  Spring 344 06/07/05
Shellback Spring 39.13197 -115.38436 7.7 8.8 6.5 -16.54 -123.6 -- DRI-WP-14  Spring 344 06/07/05

Shingle Spring 38.53972 -114.93472 15.0 -13.25 -103.5 388 GS168 Spring 203 08/03/85
Shingle Spring 38.539585 -114.935526 15.2 4.34 7.15 -13.41 -103.8 61.7 18.8 15.6 2.51 16.2 260 23.3 44.8 0.17 65048 ER-22 Spring 439 07/13/06
Shingle Spring 38.53972 -114.93472 15.1 4.3 7.2 -13.33 -103.7 61.7 18.8 15.6 2.5 16.2 260.0 23.3 44.8 0.2 GS168 Spring 203 08/03/85

Sidehill Spring 38.41596 -114.79613 13.0 -13.05 -100.0 377 GS160 Spring 200 08/02/85
Sidehill Spring 38.41596 -114.79613 12.6 6.3 6.8 -13.37 -100.8 50.9 16.6 12.5 1.14 6.9 242.0 11.9 51.4 0.08 62981 Spring 200 08/01/05
Sidehill Spring 38.41596 -114.79613 12.8 6.3 6.8 -13.21 -100.4 50.9 16.6 12.5 1.1 6.9 242.0 11.9 51.4 0.1 GS160 Spring 200

Silver Spring 38.81085 -114.88121 9.3 7.84 6.72 -14.74 -111.9 80.6 5.42 5.40 0.66 3.5 261 10.3 12.5 0.09 62975 ER-7 Spring 385 07/29/05
Silver Spring (RS) 38.810613 -114.881175 9 8.25 7.43 -14.68 -110.8 79.9 5.50 5.45 0.59 3.1 255 10.7 12.6 0.07 65051 ER-25 Spring 442 07/13/06
Silver Spring 38.81085 -114.88121 9.15 8.045 7.075 -14.71 -111.4 80.25 5.46 5.425 0.625 3.3 258 10.5 12.55 0.08 62975 ER-7 Spring 385 07/29/05

Sixmile Spring 37.49222 -115.08806 22.0 7.9 -13.06 -93.4 45.2 10.6 16.9 1.3 3.2 207.0 11.7 49.6 0.1 230 IT151 Spring 112 08/08/95
Sixmile Spring 37.49222 -115.08806 22.0 7.9 -13.06 -93.4 45.2 10.6 16.9 1.3 3.2 207.0 11.7 49.6 0.1 IT151 Spring 112 08/08/95

SK-10 38.75000 -115.17000 -119.0 16.3 423 Kirk110 Well 218 --
SK-10 38.75000 -115.17000 -119.0 16.3 423 Kirk110 Well 218 --

SK-18 37.71000 -114.80000 -95.0 11.3 276 Kirk130 Well 134 --
SK-18 37.71000 -114.80000 -95.0 11.3 276 Kirk130 Well 134 --

Snow Creek Spring (Unnamed Spring in Snow Creek) 40.07837 -114.91138 7.9 9.3 7.2 -16.22 -120.7 -- 62629A DRI-CC-2  Spring 345 05/24/05
Snow Creek Spring (Unnamed Spring in Snow Creek) 40.07837 -114.91138 7.9 9.3 7.2 -16.22 -120.7 -- 62629A DRI-CC-2  Spring 345 05/24/05

Snowmelt Below Duckwater Peak 38.90056 -115.38250 10.0 -14.10 -105.0 0.6 437 GS216 Surface 224 06/15/83
Snowmelt Below Duckwater Peak 38.90056 -115.38250 10.0 -14.10 -105.0 0.6 437 GS216 Surface 224 06/15/83

South Monument Spring 38.25586 -114.11651 9.1 5.8 7.1 -14.23 -102.3 25.5 5.6 12.6 5.8 22.5 101.0 8.6 55.5 -- 60318 1 Spring 319 05/21/04
South Monument Spring 38.25586 -114.11651 9.1 5.8 7.1 -14.23 -102.3 25.5 5.6 12.6 5.8 22.5 101.0 8.6 55.5 -- 60318 1 Spring 319 05/21/04

South Spring (Egan) 39.14556 -114.97000 7.0 -15.00 -111.0 3.0 458 GS244 Spring 236 06/17/83
South Springs 39.145258 -114.972867 6.8 8.83 7.8 -15.23 -111.9 46.6 10.9 5.15 0.53 2.3 190 11.2 9.5 0.11 65040 ER-14 Spring 431 07/12/06
South Spring (Egan) 39.14556 -114.97000 6.9 8.8 7.8 -15.12 -111.5 46.6 10.9 5.2 0.5 2.7 190.0 11.2 9.5 0.1 458 GS244 Spring 236 06/17/83

South Spring (Snake) 38.80405 -114.17588 9.7 5.7 6.9 -14.70 -108.0 66.3 28.8 2.2 0.5 2.6 3.4 343.0 7.6 0.18 62917 SN-7 Spring 383 07/14/05
South Spring (Snake) 38.80405 -114.17588 9.7 5.7 6.9 -14.70 -108.0 66.3 28.8 2.2 0.5 2.6 3.4 343.0 7.6 0.18 62917 SN-7 Spring 383 07/14/05
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Spencer Well 37.39500 -115.18028 19.0 7.7 -13.68 -104.1 53.8 44.0 119.4 14.5 45.9 466.0 158.0 59.8 1.6 206 IT155 Well 106 08/06/95
Spencer Well 37.39500 -115.18028 19.0 7.7 -13.68 -104.1 53.8 44.0 119.4 14.5 45.9 466.0 158.0 59.8 1.6 206 IT155 Well 106 08/06/95

Spring Creek Spring 38.90935 -114.11295 12.9 8.1 7.3 -15.40 -113.0 64.2 7.9 6.9 1.2 6.7 12.5 227.0 11.5 1.51 62916 SN-8 Spring 384 07/16/05
Spring Creek Spring 38.90935 -114.11295 12.9 8.1 7.3 -15.40 -113.0 64.2 7.9 6.9 1.2 6.7 12.5 227.0 11.5 1.51 62916 SN-8 Spring 384 07/16/05

Unnamed Spring below Currant Mtn 38.89417 -115.38278 18.0 -14.00 -107.0 11.0 439 GS213 Spring 226 06/15/83
Unnamed Spring below Currant Mtn 38.89417 -115.38278 18.0 -14.00 -107.0 11.0 439 GS213 Spring 226 06/15/83

Unnamed Spring nr Redd's Cabin Summit 38.12512 -114.06920 8.0 7.9 -12.50 -95.0 92.0 19.0 26.0 2.4 23.0 25.0 23.0 0.3 334 GS128 Spring 173 04/09/85
Unnamed Spring nr Redd's Cabin Summit 38.12512 -114.06920 15.9 7.7 7.9 -12.37 -93.7 93.1 21.3 30.9 1.3 26.9 374.0 31.6 25.5 -- 60315 1 WM-3 Spring 173 05/21/04
Unnamed Spring nr Redd's Cabin Summit 38.12512 -114.06920 12.0 7.7 7.9 -12.44 -94.4 92.6 20.2 28.5 1.9 25.0 374.0 28.3 24.3 0.3  Spring 173

Unnamed Spring in Schell Creek Range 38.51851 -114.74229 -- -- -- -14.40 -108.1 17.6 3.8 1.9 1.2 0.9 67.9 9.5 10.8 -- 57756 Spring 304 10/29/03
Unnamed Spring in Schell Creek Range 38.51851 -114.74229 -- -- -- -14.46 -105.8 -- -- -- -- -- -- -- -- -- 57756 2 Spring 304 10/29/03
Unnamed Spring in Schell Creek Range 38.51851 -114.74229 10.7 6.47 7.22 -14.61 -106.9 56.0 8.70 23.2 0.34 11.8 210 26.2 16.2 0.15 62976 1 SC-4  Spring 374 07/30/05
Unnamed Spring in Schell Creek Range 38.51851 -114.74229 11 3.76 7.41 -14.45 -108.3 55.6 8.58 21.4 <.1 11.5 210 25.0 15.4 0.13 65058 SC-9 Spring 449 07/14/06
Unnamed Spring in Schell Creek Range 38.51851 -114.74229 10.9 5.1 7.3 -14.48 -107.3 43.1 7.0 15.5 0.8 8.1 162.6 20.2 14.1 0.1 Spring 304

Indian Spring near Steward Ranch 38.31056 -114.65028 8.0 7.0 -13.60 -102.0 38.0 5.9 17.0 0.6 7.9 161.0 12.0 46.0 0.2 357 GS141 Spring 188 04/05/85
Indian Spring near Steward Ranch 38.31056 -114.65028 8.0 7.0 -13.60 -102.0 38.0 5.9 17.0 0.6 7.9 161.0 12.0 46.0 0.2 357 GS141 Spring 188 04/05/85

Stock Well (Delamar Wash) 37.34944 -114.75833 -88.0 1000 GS999 Well 101 --
Stock Well (Delamar Wash) 37.34944 -114.75833 -88.0 1000 GS999 Well 101 --

Stove Spring 39.09486 -115.36359 9.1 7.1 6.4 -15.71 -114.5 -- 62711 DRI-WP-6  Spring 347 06/06/05
Stove Spring 39.09486 -115.36359 9.1 7.1 6.4 -15.71 -114.5 -- 62711 DRI-WP-6  Spring 347 06/06/05

Summit Spring 39.55109 -115.23000 7.7 6.4 6.5 -15.94 -120.8 -- 62702 DRI-BT-4  Spring 348 06/04/05
Summit Spring 39.55109 -115.23000 7.7 6.4 6.5 -15.94 -120.8 -- 62702 DRI-BT-4  Spring 348 06/04/05

Summit Spring (Mahogany Mts.) 37.749840 -114.153585 13.2 2.08 7.07 -12.04 -92.1 107 24.4 57.1 2.74 59.4 422 40.8 55.0 0.38 64905 MG-2 Spring 419 06/21/06
Summit Spring (Mahogany Mts.) 37.749840 -114.153585 13.2 2.08 7.07 -12.04 -92.1 107 24.4 57.1 2.74 59.4 422 40.8 55.0 0.38 64905 MG-2 Spring 419 06/21/06

Teaspoon Spring 38.34509 -115.41189 11.9 4.8 7.0 -13.26 -100.0 62830  Spring 371 06/30/05
Teaspoon Spring 38.34509 -115.41189 11.9 4.8 7.0 -13.26 -100.0 62830  Spring 371 06/30/05

The Seeps (Spring) 37.73944 -115.57556 9.0 7.5 -13.30 -98.0 110.0 25.9 53.0 3.9 41.7 455.0 53.4 55.0 281 K10 Spring 136 01/15/85
The Seeps (Spring) 37.73944 -115.57556 9.0 7.5 -13.30 -98.0 110.0 25.9 53.0 3.9 41.7 455.0 53.4 55.0 281 K10 Spring 136 01/15/85

Thirty Mile Spring 39.55556 -115.21806 8.5 8.0 -16.40 -126.0 29.0 4.6 13.0 2.8 5.5 140.0 7.9 43.0 0.2 468 GS256 Spring 242 08/23/83
Thirty Mile Spring 39.55556 -115.21806 8.5 8.0 -16.40 -126.0 29.0 4.6 13.0 2.8 5.5 140.0 7.9 43.0 0.2 468 GS256 Spring 242 08/23/83

Tippet Spring 39.876915 -114.37348 21.4 2.76 6.8 -16.24 -121.9 54.8 30.2 7.65 1.08 7.1 279 26.0 12.0 0.05 63276 1 Spring 394 24-Aug-05
Tippet Spring 39.876915 -114.37348 21.4 2.76 6.8 -16.24 -121.9 54.8 30.2 7.65 1.08 7.1 279 26.0 12.0 0.05 63276 1 Spring 394 24-Aug-05

Tobe Spring 38.00609 -114.08980 19.8 8.0 8.7 -13.04 -100.0 49.6 7.8 25.3 3.2 20.9 89.1 20.5 45.6 -- 60312 1 Spring 315 05/20/04
Tobe Spring 38.00609 -114.08980 19.8 8.0 8.7 -13.04 -100.0 49.6 7.8 25.3 3.2 20.9 89.1 20.5 45.6 -- 60312 1 Spring 315 05/20/04

Tobe Spring 2 38.00675 -114.08969 13.7 4.0 7.2 -12.09 -93.6 38.2 5.7 17.1 3.4 14.8 157.0 7.0 47.0 -- 60313 1 Spring 316 05/20/04
Tobe Spring 2 38.00675 -114.08969 13.7 4.0 7.2 -12.09 -93.6 38.2 5.7 17.1 3.4 14.8 157.0 7.0 47.0 -- 60313 1 Spring 316 05/20/04

Trough Spring 38.36971 -114.96316 -- -- -- -13.56 -103.6 1 Spring 413 28-Oct_05
Trough Spring 38.36971 -114.96316 -- -- -- -13.56 -103.6 1 Spring 413 28-Oct_05

Tunnel Spring 39.35142 -115.44964 10.4 5.5 7.0 -15.02 -118.3 62832  Spring 366 07/01/05
Tunnel Spring 39.35142 -115.44964 10.4 5.5 7.0 -15.02 -118.3 62832  Spring 366 07/01/05

Twin Spring 37.46996 -115.02371 16.9 7.0 7.2 -13.24 -97.4 40.9 9.5 17.2 2.2 10.4 190.0 8.8 48.6 -- 61104 1 Spring 294 07/30/04
Twin Spring 37.46996 -115.02371 16.9 7.0 7.2 -13.24 -97.4 40.9 9.5 17.2 2.2 10.4 190.0 8.8 48.6 -- 61104 1 Spring 294 07/30/04

Unnamed Chokecherry Spring 37.53905 -114.70312 11.8 6.2 7.2 -12.54 -98.1 23.9 5.9 9.3 1.4 3.5 109.0 7.9 48.6 -- 59696 1 Spring 263 03/25/04
Unnamed Chokecherry Spring 37.53905 -114.70312 11.8 6.2 7.2 -12.54 -98.1 23.9 5.9 9.3 1.4 3.5 109.0 7.9 48.6 -- 59696 1 Spring 263 03/25/04

Unnamed Hayden Canyon Spring 39.15147 -115.39264 6.9 6.0 7.0 -15.69 -120.9 -- 62718 DRI-WP-13  Spring 350 06/07/05
Unnamed Hayden Canyon Spring 39.15147 -115.39264 6.9 6.0 7.0 -15.69 -120.9 -- 62718 DRI-WP-13  Spring 350 06/07/05

Unnamed Near Little Willow Spring 39.72235 -115.60986 9.4 8.4 7.2 -17.04 -125.9 -- 62707 DRI-BK-3  Spring 351 06/05/05
Unnamed Near Little Willow Spring 39.72235 -115.60986 9.4 8.4 7.2 -17.04 -125.9 -- 62707 DRI-BK-3  Spring 351 06/05/05

Unnamed Shellback Ridge Spring 39.14038 -115.38952 7.0 0.3 4.9 -16.18 -123.6 -- 62720 DRI-WP-15  Spring 352 06/07/05
Unnamed Shellback Ridge Spring 39.14038 -115.38952 7.0 0.3 4.9 -16.18 -123.6 -- 62720 DRI-WP-15  Spring 352 06/07/05

Unnamed Spring (Unnamed Combs Creek Spring) 39.50919 -114.99298 -15.63 -118.9 -- 62630 DRI-ER-6  Spring 353 05/24/05
Unnamed Spring (Unnamed Combs Creek Spring) 39.50919 -114.99298 -15.63 -118.9 -- 62630 DRI-ER-6  Spring 353 05/24/05

Unnamed Spring #3 (Snake) 38.73321 -114.33335 11.7 6.5 6.8 -14.10 -109.0 104.0 21.4 44.7 1.7 90.1 70.0 283.0 114.0 0.16 62920 SN-3 Spring 379 07/13/05
Unnamed Spring #3 (Snake) 38.73321 -114.33335 11.7 6.5 6.8 -14.10 -109.0 104.0 21.4 44.7 1.7 90.1 70.0 283.0 114.0 0.16 62920 SN-3 Spring 379 07/13/05

Unnamed Spring #4 (Snake) 38.83515 -114.19643 6.1 4.98 6.43 -14.65 -107.2 131 22.3 6.06 1.02 6.6 474 17.9 11.0 0.05 62972 SN-1 Spring 376 07/28/05
Unnamed Spring #4 (Snake) 38.83515 -114.19643 6.1 4.98 6.43 -14.65 -107.2 131 22.3 6.06 1.02 6.6 474 17.9 11.0 0.05 62972 SN-1 Spring 376 07/28/05

Unnamed Spring #5 (Snake) 38.85148 -114.17036 11.9 5.84 6.97 -14.04 -106.7 58.4 30.8 9.34 1.22 9.2 322 9.2 10.9 0.08 62973 SN-2 Spring 377 07/28/05
Unnamed Spring #5 (Snake) 38.85148 -114.17036 11.9 5.84 6.97 -14.04 -106.7 58.4 30.8 9.34 1.22 9.2 322 9.2 10.9 0.08 62973 SN-2 Spring 377 07/28/05

Unnamed Spring #1 (White Pine) 38.96778 -115.39900 8.3 8.9 6.5 -15.36 -114.8 62818 1  Spring 359 06/28/05

SE ROA 46793

JA_14162



Unnamed Spring #1 (White Pine) 38.96778 -115.39900 8.3 8.9 6.5 -15.36 -114.8 62818 1  Spring 359 06/28/05

Unnamed Spring #2 (Mahogany Mts) 37.943211 -114.068416 13.4 6.27 7.35 -13.47 -100.7 64.1 8.94 12.1 0.89 10.2 210 23.6 21.6 0.67 64907 MG-4 Spring 421 06/22/06
Unnamed Spring #2 (Mahogany Mts) 37.943211 -114.068416 13.4 6.27 7.35 -13.47 -100.7 64.1 8.94 12.1 0.89 10.2 210 23.6 21.6 0.67 64907 MG-4 Spring 421 06/22/06

Unnamed Spring #1(White Rock Mts) 38.303410 -114.160379 10.4 8.01 7.35 -15.05 -109.6 47.2 8.85 15.9 0.98 45.5 128 14.0 35.5 0.08 64897 WM-8 Spring 415 06/19/06
Unnamed Spring #1(White Rock Mts) 38.303410 -114.160379 10.4 8.01 7.35 -15.05 -109.6 47.2 8.85 15.9 0.98 45.5 128 14.0 35.5 0.08 64897 WM-8 Spring 415 06/19/06

Unnamed Spring #2 (White Rock Mts) 38.195394 -114.105820 11.1 2.82 6.67 -13.00 -97.0 29.1 7.85 10.4 0.52 3.3 130 8.3 40.7 0.15 64899 WM-10 Spring 417 06/19/06
Unnamed Spring #2 (White RockMts) 38.195394 -114.105820 11.1 2.82 6.67 -13.00 -97.0 29.1 7.85 10.4 0.52 3.3 130 8.3 40.7 0.15 64899 WM-10 Spring 417 06/19/06

Unnamed Spring #1(Egan) 39.068946 -114.918846 7 6.9 7.11 -15.14 -112.2 82.6 9.14 4.46 0.94 1.6 277 20.9 11.2 0.12 65044 ER-18 Spring 435 07/12/06
Unnamed Spring #1(Egan) 39.068946 -114.918846 7 6.9 7.11 -15.14 -112.2 82.6 9.14 4.46 0.94 1.6 277 20.9 11.2 0.12 65044 ER-18 Spring 435 07/12/06

Unnamed Spring #2 (White Pine) 38.97696 -115.40065 8.7 5.9 5.7 -15.66 -114.9 62819 1  Spring 360 06/28/05
Unnamed Spring #2 (White Pine) 38.97696 -115.40065 8.7 5.9 5.7 -15.66 -114.9 62819 1  Spring 360 06/28/05

Unnamed Spring #2 (Egan Range) 39.045766 -114.924576 4.1 7.62 7.5 -15.14 -110.0 50.7 5.87 3.95 0.68 1.0 182 5.8 9.2 0.08 65045 ER-19 Spring 436 07/12/06
Unnamed Spring #2 (Egan Range) 39.045766 -114.924576 4.1 7.62 7.5 -15.14 -110.0 50.7 5.87 3.95 0.68 1.0 182 5.8 9.2 0.08 65045 ER-19 Spring 436 07/12/06

Unnamed Spring #3 (White Pine) 38.98418 -115.39037 9.8 2.9 6.1 -14.96 -113.1 62821 1  Spring 361 06/28/05
Unnamed Spring #3 (White Pine) 38.98418 -115.39037 9.8 2.9 6.1 -14.96 -113.1 62821 1  Spring 361 06/28/05

Unnamed Spring #3 (Egan Range) 39.056771 -114.926784 4.8 8.75 7.5 -15.07 -110.2 66.9 4.69 3.98 0.69 0.9 221 5.5 10.2 0.10 65046 ER-20 Spring 437 07/12/06
Unnamed Spring #3 (Egan Range) 39.056771 -114.926784 4.8 8.75 7.5 -15.07 -110.2 66.9 4.69 3.98 0.69 0.9 221 5.5 10.2 0.10 65046 ER-20 Spring 437 07/12/06

Unnamed Spring #4 (White Pine) 39.03633 -115.39347 8.1 3.7 6.9 -15.01 -116.3 62824 1  Spring 362 06/29/05
Unnamed Spring #4 (White Pine) 39.03633 -115.39347 8.1 3.7 6.9 -15.01 -116.3 62824 1  Spring 362 06/29/05

Unnamed Spring #4 (Egan Range) 39.085308 -114.921879 6.7 8.65 7.43 -15.37 -114.0 65.1 10.1 3.38 0.78 1.3 229 11.9 11.5 0.11 65047 ER-21 Spring 438 07/12/06
Unnamed Spring #4 (Egan Range) 39.085308 -114.921879 6.7 8.65 7.43 -15.37 -114.0 65.1 10.1 3.38 0.78 1.3 229 11.9 11.5 0.11 65047 ER-21 Spring 438 07/12/06

Unnamed Spring #5 (White Pine) 39.00631 -115.39043 9.0 7.0 7.0 -16.01 -120.4 62825 1 WP-13  Spring 363 06/29/05
Unnamed Spring #5 (White Pine) 39.00631 -115.39043 -14.04 -106.7 62973 WP-13  Spring 363 07/28/01
Unnamed Spring #5(RS, White Pine) 39.006300 -115.390430 8.9 6.83 7.12 -16.02 -120.8 62.5 5.30 14.8 1.16 6.9 224 10.6 30.5 0.16 65038 WP-13 Spring 428 07/11/06
Unnamed Spring #5 (White Pine) 39.00631 -115.39043 9.0 6.9 7.1 -15.36 -116.0 62.5 5.3 14.8 1.2 6.9 224.0 10.6 30.5 0.2 3 WP-13  Spring 363

Unnamed Spring #5 (Egan Range) 38.903097 -114.923433 7.3 7.13 7.04 -14.72 -109.6 93.1 18.3 4.39 0.92 3.3 331 32.4 14.0 0.06 65054 ER-28 Spring 445 07/13/06
Unnamed Spring #5 (Egan Range) 38.903097 -114.923433 7.3 7.13 7.04 -14.72 -109.6 93.1 18.3 4.39 0.92 3.3 331 32.4 14.0 0.06 65054 ER-28 Spring 445 07/13/06

Unnamed Spring #6 (White Pine) 38.99300 -115.37519 9.1 0.5 6.8 -14.98 -115.1 62826 1  Spring 364 06/29/05
Unnamed Spring #6 (White Pine) 38.99300 -115.37519 9.1 0.5 6.8 -14.98 -115.1 62826 1  Spring 364 06/29/05

Unnamed Spring #7 (Quinn) 38.16152 -115.64159 7.4 6.1 6.7 -14.23 -105.9 62834 1  Spring 367 07/02/05
Unnamed Spring #7 (Quinn) 38.16152 -115.64159 7.4 6.1 6.7 -14.23 -105.9 62834 1  Spring 367 07/02/05

Unnamed Spring #8 (Quinn) 38.05659 -115.66484 11.5 0.3 6.5 -14.18 -104.4 62835 1  Spring 368 07/02/05
Unnamed Spring #8 (Quinn) 38.05659 -115.66484 11.5 0.3 6.5 -14.18 -104.4 62835 1  Spring 368 07/02/05

Unnamed Spring #7(Kern MTS) 39.680719 -114.190886 10.2 0.06 6.32 -15.80 -116.3 51.5 11.0 25.7 0.82 14.9 232 14.1 36.0 0.40 63273 Spring 391 23-Aug-05
Unnamed Spring #7(Kern MTS) 39.680719 -114.190886 10.2 0.06 6.32 -15.80 -116.3 51.5 11.0 25.7 0.82 14.9 232 14.1 36.0 0.40 63273 Spring 391 23-Aug-05

Unnamed Spring #8 (Antelope Range) 39.987784 -114.433412 9.2 2.9 6.13 -15.85 -121.4 35.9 6.98 12.8 1.89 11.1 130 22.1 44.9 0.13 63277 1 Spring 395 24-Aug-05
Unnamed Spring #8 (Antelope Range) 39.987784 -114.433412 9.2 2.9 6.13 -15.85 -121.4 35.9 6.98 12.8 1.89 11.1 130 22.1 44.9 0.13 63277 1 Spring 395 24-Aug-05

Unnamed Spring #9 (Antelope Range) 39.993636 -114.420708 8.3 5.6 6.16 -16.41 -123.0 32.8 6.25 8.86 3.03 14.8 109 14.9 44.4 0.10 63278 1 Spring 396 25-Aug-05
Unnamed Spring #9 (Antelope Range) 39.993636 -114.420708 8.3 5.6 6.16 -16.41 -123.0 32.8 6.25 8.86 3.03 14.8 109 14.9 44.4 0.10 63278 1 Spring 396 25-Aug-05

Unnamed Spring #10 (Antelope Range) 39.937971 -114.360742 12.9 1.29 6.59 -15.95 -122.0 92.0 49.2 34.1 1.19 35.5 329 175 19.3 0.16 63279 1 Spring 397 25-Aug-05
Unnamed Spring #10 (Antelope Range) 39.937971 -114.360742 12.9 1.29 6.59 -15.95 -122.0 92.0 49.2 34.1 1.19 35.5 329 175 19.3 0.16 63279 1 Spring 397 25-Aug-05

Unnamed Springs #11(Snake Range) 39.484774 -114.310317 8.9 7.85 6.71 -15.65 -117.1 60.1 11.4 11.4 1.56 8.3 231 11.1 19.1 0.06 63283 1 Spring 401 26-Aug-05
Unnamed Springs #11(Snake Range) 39.484774 -114.310317 8.9 7.85 6.71 -15.65 -117.1 60.1 11.4 11.4 1.56 8.3 231 11.1 19.1 0.06 63283 1 Spring 401 26-Aug-05

Unnamed Spring #12 (Snake Range) 39.307465 -114.216096 7.6 6.54 7.24 -15.89 -116.6 39.1 3.53 4.78 0.64 2.4 130 4.2 11.9 0.07 63527 1 Spring 403 25-Oct-05
Unnamed Spring #12 (Snake Range) 39.307465 -114.216096 7.6 6.54 7.24 -15.89 -116.6 39.1 3.53 4.78 0.64 2.4 130 4.2 11.9 0.07 63527 1 Spring 403 25-Oct-05

Unnamed Sp Silver Cr Canyon 39.22899 -114.26075 9.2 3.12 7.39 -15.38 -115.7 71.3 30.4 8.93 0.75 6.6 322 35.4 12.6 0.08 63529 1 Spring 405 26-Oct-05
Unnamed Sp Silver Cr Canyon 39.22899 -114.26075 9.2 3.12 7.39 -15.38 -115.7 71.3 30.4 8.93 0.75 6.6 322 35.4 12.6 0.08 63529 1 Spring 405 26-Oct-05

Unnamed Spring 13 (Snake Range) 39.177792 -114.286862 9.9 6.17 7.48 -14.76 -114.3 79.1 94.7 67.8 1.14 83.6 437 234 19.6 0.15 63530 1 Spring 406 26-Oct-05
Unnamed Spring 13 (Snake Range) 39.177792 -114.286862 9.9 6.17 7.48 -14.76 -114.3 79.1 94.7 67.8 1.14 83.6 437 234 19.6 0.15 63530 1 Spring 406 26-Oct-05

Unnamed Stone Cabin Spring 39.15911 -115.39892 8.5 8.2 6.8 -15.31 -114.2 -- 62717 DRI-WP-12  Spring 354 06/07/05
Unnamed Stone Cabin Spring 39.15911 -115.39892 9.2 7.22 7.31 -15.47 -118.2 66.7 11.7 14.3 0.92 7.9 248 13.0 16.8 0.23 65036 WP-11 Spring 426 07/11/06
Unnamed Stone Cabin Spring 39.15911 -115.39892 8.9 7.7 7.1 -15.39 -116.2 66.7 11.7 14.3 0.9 7.9 248.0 13.0 16.8 0.2  DRI-WP-12  Spring 354 06/07/05

Unnamed Spring (Clover) 37.27654 -114.30744 3.3 4.9 7.1 -12.20 -88.0 126.0 22.6 56.6 1.5 14.8 401.0 157.0 35.4 -- 58501 1 Spring 249 01/15/04
Unnamed Spring (Clover) 37.27654 -114.30744 3.3 4.9 7.1 -12.20 -88.0 126.0 22.6 56.6 1.5 14.8 401.0 157.0 35.4 -- 58501 1 Spring 249 01/15/04

Unnamed Spring 37.49917 -114.45250 10.0 -11.60 -86.5 231 GS85 Spring 113 06/03/85
Unnamed Spring 37.49917 -114.45250 10.0 -11.60 -86.5 231 GS85 Spring 113 06/03/85

Unnamed Spring in dry creek bed (White Pine Range) 38.89546 -115.38372 -- -- -- -15.31 -113.6 -- -- -- -- -- -- -- -- -- -- 1 Spring 321 10/12/03
Unnamed Spring in dry creek bed (White Pine Range) 38.89546 -115.38372 -- -- -- -15.31 -113.6 -- -- -- -- -- -- -- -- -- -- 1 Spring 321 10/12/03
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Unnamed Spring in Miller Canyon 38.32738 -114.24383 -- -- -- -14.27 -103.7 -- -- -- -- -- -- -- -- -- -- 1 Spring 313 05/19/04
Unnamed Spring in Miller Canyon 38.32738 -114.24383 -- -- -- -14.27 -103.7 -- -- -- -- -- -- -- -- -- -- 1 Spring 313 05/19/04

Unnamed Spring in Road (South Pahroc Range) 37.53638 -115.10651 28.4 4.5 6.4 -13.07 -96.7 42.6 10.0 16.1 1.5 8.8 193.0 8.7 49.7 -- 61098 1 Spring 303 07/30/04
Unnamed Spring in Road(South Pahroc Range) 37.53638 -115.10651 28.4 4.5 6.4 -13.07 -96.7 42.6 10.0 16.1 1.5 8.8 193.0 8.7 49.7 -- 61098 1 Spring 303 07/30/04

Unnamed Spring nr Clover Creek 37.61461 -114.45061 16.2 0.9 7.0 -11.96 -89.7 67.4 9.1 29.9 6.8 20.3 299.0 11.1 55.6 -- 61102 1 Spring 252 07/31/04
Unnamed Spring nr Clover Creek 37.61461 -114.45061 16.2 0.9 7.0 -11.96 -89.7 67.4 9.1 29.9 6.8 20.3 299.0 11.1 55.6 -- 61102 1 Spring 252 07/31/04

Unnamed Spring nr Six Mile seep 37.49680 -115.09102 -- -- -- -12.62 -94.5 -- -- -- -- -- -- -- -- -- 61106A 1 Spring 296 07/30/04
Unnamed Spring nr Six Mile seep 37.49680 -115.09102 -- -- -- -12.62 -94.5 -- -- -- -- -- -- -- -- -- 61106A 1 Spring 296 07/30/04

Unnamed Spring--nr Blackrock 37.91689 -114.91859 9.2 7.1 7.4 -11.90 -94.3 45.9 9.3 25.8 6.1 23.7 184.0 23.1 69.2 -- 59688 1 Spring 299 03/23/04
Unnamed Spring--nr Blackrock 37.91689 -114.91859 9.2 7.1 7.4 -11.90 -94.3 45.9 9.3 25.8 6.1 23.7 184.0 23.1 69.2 -- 59688 1 Spring 299 03/23/04

Unnamed Well (Longdale) 36.59000 -114.48000 7.8 -13.20 -103.0 29.0 2.2 35.0 5.2 6.0 135.0 26.0 132.7 1.0 78 IT174 Well 48 03/04/74
Unnamed Well (Longdale) 36.59000 -114.48000 7.8 -13.20 -103.0 29.0 2.2 35.0 5.2 6.0 135.0 26.0 132.7 1.0 78 IT174 Well 48 03/04/74

Unnamed Well (Near Dry Lake Range) 36.38278 -114.91667 26.5 0.5 7.3 -13.70 -96.0 123.0 46.0 140.0 16.0 190.0 230.0 360.0 21.0 1.6 41 GS12 Well 24 04/26/82
Unnamed Well (Near Dry Lake Range) 36.38278 -114.91667 26.5 0.5 7.3 -13.70 -96.0 123.0 46.0 140.0 16.0 190.0 230.0 360.0 21.0 1.6 41 GS12 Well 24 04/26/82

South Fox Well 38.77222 -114.52667 12.0 3.3 7.8 -15.00 -113.0 34.0 21.0 7.1 1.6 6.0 8.0 15.0 0.3 422 GS201 Well 216 07/06/83
South Fox Well 38.77222 -114.52667 12.0 3.3 7.8 -15.00 -113.0 34.0 21.0 7.1 1.6 6.0 8.0 15.0 0.3 422 GS201 Well 216 07/06/83

Unnamed, Kaolin Wash 36.48722 -114.46667 14.1 6.0 8.5 -11.30 -88.0 48.9 25.9 77.6 21.3 46.5 213.0 168.0 19.1 67 PL3 Spring 35 02/09/96
Unnamed, Kaolin Wash 36.48722 -114.46667 14.1 6.0 8.5 -11.30 -88.0 48.9 25.9 77.6 21.3 46.5 213.0 168.0 19.1 67 PL3 Spring 35 02/09/96

Upper Burnt Canyon Spring 38.287295 -114.200492 14.8 3.00 6.80 -12.83 -97.6 65.9 15.3 11.5 0.57 17.3 251 6.7 50.4 0.18 64898 WM-9 Spring 416 06/19/06
Upper Burnt Canyon Spring 38.287295 -114.200492 14.8 3.00 6.80 -12.83 -97.6 65.9 15.3 11.5 0.57 17.3 251 6.7 50.4 0.18 64898 WM-9 Spring 416 06/19/06

Upper Burnt Canyon Spring #2 38.287295 -114.200492 - - - -13.66 -103.6 - - - - - - - - - -- WM-9b Spring 416 06/19/06
Upper Burnt Canyon Spring #2 38.287295 -114.200492 - - - -13.66 -103.6 - - - - - - - - - -- WM-9b Spring 416 06/19/06

Upper Chokecherry Spring 37.53746 -114.69833 9.3 7.3 8.0 -12.96 -98.9 53.0 10.6 23.2 1.2 13.6 219.0 16.7 50.0 -- 59695 1 Spring 262 03/25/04
Upper Chokecherry Spring 37.53746 -114.69833 9.3 7.3 8.0 -12.96 -98.9 53.0 10.6 23.2 1.2 13.6 219.0 16.7 50.0 -- 59695 1 Spring 262 03/25/04

Upper Conner Spring 37.90278 -114.56056 8.0 8.2 7.4 -13.85 -100.0 73.0 26.0 2.2 0.5 2.1 351.0 5.4 8.5 <.1 310 GS115 Spring 156 11/11/86
Upper Conner Spring 37.90278 -114.56056 9.2 8.1 7.7 -13.88 -102.3 76.9 27.6 1.6 0.6 1.9 368.0 3.6 8.5 -- 60836 1 Spring 156 06/24/04
Upper Conner Spring 37.90278 -114.56056 8.6 8.2 7.6 -13.87 -101.2 75.0 26.8 1.9 0.5 2.0 359.5 4.5 8.5 <.1 310 GS115 Spring 156 11/11/86

Upper Fairview 38.18657 -114.66620 18.0 1.8 7.2 -12.66 -97.7 60.2 10.6 28.1 2.6 23.6 259.0 14.5 48.4 -- 60850 1 Spring 280 06/29/04
Upper Fairview 38.18657 -114.66620 18.0 1.8 7.2 -12.66 -97.7 60.2 10.6 28.1 2.6 23.6 259.0 14.5 48.4 -- 60850 1 Spring 280 06/29/04

Upper Illipah Crk 39.28167 -115.39000 -16.00 -124.0 GS999 Surface 238 06/13/83
Upper Illipah Crk 39.28167 -115.39000 -16.20 -123.0 GS999 Surface 238 08/23/83
Upper Illipah Crk 39.28167 -115.39000 #DIV/0! #DIV/0! #DIV/0! -16.10 -123.5 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! Surface 238

Upper Indian Spring 37.45202 -114.65831 11.7 3.6 7.3 -11.46 -88.0 68.0 19.3 23.9 0.3 9.1 319.0 13.0 53.4 -- 58499 1 Spring 268 01/14/04
Upper Indian Spring 37.45202 -114.65831 11.7 3.6 7.3 -11.46 -88.0 68.0 19.3 23.9 0.3 9.1 319.0 13.0 53.4 -- 58499 1 Spring 268 01/14/04

Unnamed Spring near Pony Spring 38.32139 -114.64222 11.5 -12.90 -99.0 361 GS144 Spring 191 07/23/81
Unnamed Spring near Pony Spring 38.32139 -114.64222 11.5 -12.90 -99.0 361 GS144 Spring 191 07/23/81

Upper Riggs Spring WR4 37.36833 -114.64778 477 Spring 105 --
Upper Riggs Spring WR4 37.36833 -114.64778 10.8 -11.90 -88.0 207 GS78 Spring 105 02/02/84
Upper Riggs Spring WR4 37.36833 -114.64778 10.1 4.4 7.3 -11.90 -87.0 64.7 15.9 19.4 0.0 17.5 274.0 12.0 57.8 -- 58492 Spring 105 01/13/04
Upper Riggs Spring WR4 37.36833 -114.64778 16.9 10.9 8.0 -11.95 -87.3 57.6 15.9 17.6 3.4 16.5 256.0 12.7 48.8 -- 60082 Spring 105 04/29/04
Upper Riggs Spring WR4 37.36833 -114.64778 13.2 0.7 7.4 -11.55 -86.2 63.4 16.6 18.8 4.2 16.4 277.0 8.7 57.2 -- 61614 Spring 105 10/19/04
Upper Riggs Spring WR4 37.36833 -114.64778 6.0 6.8 7.1 -12.46 -87.0 35.5 8.8 11.6 2.0 7.2 153.0 8.1 42.0 -- 62035 4 Spring 105 02/10/05
Upper Riggs Spring WR4 37.36833 -114.64778 11.4 5.7 7.4 -11.95 -87.1 55.3 14.3 16.9 2.4 14.4 240.0 10.4 51.5 #DIV/0! 5 Spring 105

Upper Terrace Spring WR2 39.08664 -114.92565 -- -- -- -15.43 -111.3 39.7 10.9 4.1 0.7 2.1 173.0 7.3 11.9 -- 57696 Spring 270 10/13/03
Upper Terrace Spring WR2 39.08664 -114.92565 8.2 5.1 7.1 -15.43 -114.9 39.8 11.0 4.1 0.7 2.1 172.0 7.3 12.1 -- 57697 Spring 270 10/15/03
Upper Terrace Spring WR2 39.08664 -114.92565 7.6 -- 7.9 -15.44 -111.8 40.5 10.8 4.3 0.8 2.1 172.0 7.1 9.2 -- 60080 Spring 270 04/26/04
Upper Terrace Spring WR2 39.08664 -114.92565 8.0 8.0 7.5 -15.40 -115.6 40.4 10.7 3.6 0.7 2.4 169.0 7.4 11.8 -- 60785 Spring 270 06/23/04
Upper Terrace Spring WR2 39.08664 -114.92565 8.2 7.1 6.9 -15.35 -114.4 41.6 11.3 4.3 0.8 2.4 177.0 7.3 11.8 -- 61479 Spring 270 09/22/04
Upper Terrace Spring WR2 39.08664 -114.92565 7.2 8.3 7.8 -15.41 -114.6 40.3 10.7 4.2 0.8 2.3 168.0 7.7 11.1 -- 62030 6 Spring 270 02/09/05
Upper Terrace Spring WR2 39.08664 -114.92565 -15.24 -113.7 -- 62633A DRI-ER-1 Spring 270 05/21/05
Upper Terrace Spring WR2 39.08664 -114.92565 -15.43 -113.4 41.8 10.5 4.14 0.76 2.3 173.0 7.9 11.2 <.05 63219 DRI-ER-1 Spring 270 08/14/05
Upper Terrace Spring WR2 39.08664 -114.92565 7.7 8.05 7.77 -15.41 -113.7 41.3 10.8 4.06 0.74 2.2 167 7.5 11.3 0.1 63562 Spring 270 6-Nov-05
Upper Terrace Spring WR2 39.086640 -114.925650 7.5 8.26 7.87 -15.41 -114.5 40.5 10.7 4.23 1.10 2.3 164 7.7 11.5 0.11 64734 ER-1 Spring 270 05/24/06
Upper Terrace Spring WR2 39.086640 -114.925650 - - - -15.43 -114.1 - - - - - - - - - -- ER-1 Spring 270 07/12/06
Upper Terrace Spring WR2 39.086640 -114.925650 7.9 7.55 7.68 -15.48 -114.1 41.4 10.9 3.65 0.61 2.1 166 7.6 11.2 0.09 65364 ER-1 Spring 270 08/29/06
Upper Terrace Spring WR2 39.086640 -114.925650 7.7 7.09 7.80 -15.50 -115.2 41.1 10.9 4.34 0.92 1.4 169 7.2 11.2 0.10 65651 ER-1 Spring 270 10/27/06
Upper Terrace Spring WR2 39.086640 -114.925650 7.5 NA 7.87 -15.46 -114.2 40.3 10.7 4.07 0.76 1.9 173 6.5 10.6 0.11 65651 ER-1 Spring 5/8/2007
Upper Terrace Spring WR2 39.08664 -114.92565 7.8 7.4 7.6 -15.42 -114.0 40.7 10.8 4.1 0.8 2.1 170.0 7.4 11.2 0.1 Spring 270

Upper Tower Spring 38.12049 -114.33344 -- -- -- -12.30 -93.3 20.2 3.3 16.3 6.2 7.6 104.0 7.2 45.8 -- 60081 1 Spring 312 04/28/04
Upper Tower Spring 38.12049 -114.33344 -- -- -- -12.30 -93.3 20.2 3.3 16.3 6.2 7.6 104.0 7.2 45.8 -- 60081 1 Spring 312 04/28/04

US Lime Well (Genstar) 36.39139 -114.90389 24.0 4.8 7.4 -12.75 -97.0 120.0 47.0 140.0 1.3 180.0 226.0 370.0 23.0 1.6 52 GS16 Well 27 03/31/86
US Lime Well (Genstar) 36.39139 -114.90389 24.0 4.8 7.4 -12.75 -97.0 120.0 47.0 140.0 1.3 180.0 226.0 370.0 23.0 1.6 52 GS16 Well 27 03/31/86

USGS CSV-1 36.76694 -114.86194 29.5 -13.55 -103.0 260.0 93.0 160.0 30.0 39.0 1300.0 19.0 1.2 127 GS45 Well 71 05/18/88
USGS CSV-1 36.76694 -114.86194 29.5 -13.55 -103.0 260.0 93.0 160.0 30.0 39.0 1300.0 19.0 1.2 127 GS45 Well 71 05/18/88
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USGS-MX C.V. Well (CV-DT-1) 38.13778 -115.33861 23.0 3.4 7.2 -14.60 -110.0 37.0 19.0 20.0 4.6 5.7 253.0 26.0 36.0 0.4 338 GS130 Well 176 10/15/81
USGS-MX C.V. Well (CV-DT-1) 38.13778 -115.33861 -14.52 -108.0 USGS Well 6/25/2003
USGS-MX C.V. Well (CV-DT-1) 38.13778 -115.33861 23.0 3.4 7.2 -14.56 -109.0 37.0 19.0 20.0 4.6 5.7 253.0 26.0 36.0 0.4 338 GS130 Well 176 10/15/81

USGS-MX CE, VF-1 36.87528 -114.94528 28.0 7.0 -12.65 -94.0 41.0 7.5 34.0 1.2 42.0 156.0 20.0 14.0 0.5 157 GS56 Well 82 01/06/88
USGS-MX CE, VF-1 36.87528 -114.94528 28.0 7.0 -12.65 -94.0 41.0 7.5 34.0 1.2 42.0 156.0 20.0 14.0 0.5 157 GS56 Well 82 01/06/88

Valley of Fire Well 36.42250 -114.54778 28.0 7.4 -10.60 -82.0 118.0 53.0 39.0 8.2 21.0 164.0 449.0 8.3 0.2 58 PLC33 Well 31 06/24/85
Valley of Fire Well 36.42250 -114.54778 28.0 7.4 -10.60 -82.0 118.0 53.0 39.0 8.2 21.0 164.0 449.0 8.3 0.2 58 PLC33 Well 31 06/24/85

VF Spring 1 36.40139 -114.40194 23.0 5.0 7.1 -11.20 -88.0 53 PL7 Spring 28 02/09/96
VF Spring 1 36.40139 -114.40194 23.0 5.0 7.1 -11.20 -88.0 53 PL7 Spring 28 02/09/96

VF Spring 2 36.40528 -114.43056 13.5 3.9 7.8 -11.80 -92.0 55 PL6 Spring 29 03/07/96
VF Spring 2 36.40528 -114.43056 13.5 3.9 7.8 -11.80 -92.0 55 PL6 Spring 29 03/07/96

VF Spring 3 36.40583 -114.44389 15.0 5.3 7.6 -12.20 -93.0 537.0 208.0 295.0 51.1 278.0 169.0 2290.0 12.4 57 PL5 Spring 30 03/07/96
VF Spring 3 36.40583 -114.44389 15.0 5.3 7.6 -12.20 -93.0 537.0 208.0 295.0 51.1 278.0 169.0 2290.0 12.4 57 PL5 Spring 30 03/07/96

Wamp Spring 36.64167 -115.07000 7.0 8.2 -10.60 -81.0 71.0 13.0 10.0 2.1 4.9 585.0 8.4 24.0 0.2 91 GS31 Spring 52 03/20/87
Wamp Spring 36.64167 -115.07000 7.0 8.2 -10.60 -81.0 71.0 13.0 10.0 2.1 4.9 585.0 8.4 24.0 0.2 91 GS31 Spring 52 03/20/87

Water Canyon 38.98816 -114.96032 11.0 -15.00 -115.0 1033 GS999 Surface 233 06/14/83
Water Canyon 38.98816 -114.96032 9.0 -15.50 -117.0 1033 GS999 Surface 233 08/23/83
Water Canyon 38.98816 -114.96032 10.0 #DIV/0! #DIV/0! -15.25 -116.0 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! Surface 233

Water Canyon at USGS gage 38.98700 -114.95500 -- -- -- -15.41 -109.5 -- -- -- -- -- -- -- -- -- -- Spring 271 10/24/03
Water Canyon at USGS gage (duplicate sample) 38.98700 -114.95500 -- -- -- -15.43 -112.7 -- -- -- -- -- -- -- -- -- -- 2 Spring 271 10/24/03
Water Canyon at USGS gage 38.98700 -114.95500 #DIV/0! #DIV/0! #DIV/0! -15.42 -111.1 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! Spring 271

Water Canyon Spring 39.00691 -114.91063 8.9 7.9 7.3 -15.60 -114.4 40.1 11.0 4.0 0.7 7.3 180.0 1.6 12.0 -- 57695 1 Spring 358 10/14/03
Water Canyon Spring 39.00691 -114.91063 8.9 7.9 7.3 -15.60 -114.4 40.1 11.0 4.0 0.7 7.3 180.0 1.6 12.0 -- 57695 1 Spring 358 10/14/03

Water Canyon Spring (Mahogany) 37.956621 -114.064936 11.1 2.21 7.11 -13.68 -100.4 81.9 11.8 9.44 1.12 5.1 210 84.1 17.2 1.58 64906 MG-3 Spring 420 06/22/06
Water Canyon Spring (Mahogany) 37.956621 -114.064936 11.1 2.21 7.11 -13.68 -100.4 81.9 11.8 9.44 1.12 5.1 210 84.1 17.2 1.58 64906 MG-3 Spring 420 06/22/06

Water Tank 0.4mi West of Sixmile 37.49119 -115.09605 -- -- -- -12.44 -93.8 -- -- -- -- -- -- -- -- -- 61106C 1 Spring 297 07/30/04
Water Tank 0.4mi West of Sixmile 37.49119 -115.09605 -- -- -- -12.44 -93.8 -- -- -- -- -- -- -- -- -- 61106C 1 Spring 297 07/30/04

Weaver Well 37.74472 -114.43070 17.0 7.7 -13.10 -101.0 100.0 42.0 110.0 14.0 110.0 430.0 180.0 73.0 2.9 283 GS100 Well 137 06/04/85
Weaver Well 37.74472 -114.43070 17.0 7.7 -13.10 -101.0 100.0 42.0 110.0 14.0 110.0 430.0 180.0 73.0 2.9 283 GS100 Well 137 06/04/85

Well at Alligator Ridge 39.73735 -115.51432 34.0 4.1 7.2 -16.60 -127.0 60.0 23.0 19.0 6.5 6.7 52.0 26.0 1.0 469 GS260 Well 243 04/24/84
Well at Alligator Ridge 39.73735 -115.51432 34.0 4.1 7.2 -16.60 -127.0 60.0 23.0 19.0 6.5 6.7 52.0 26.0 1.0 469 GS260 Well 243 04/24/84

White Rock Spring (Sheep) 36.70791 -115.23942 19.9 1.7 7.0 -9.96 -84.8 41.8 35.1 18.2 11.9 10.8 326.0 12.7 57.7 -- 61095 1 Spring 64 07/27/04
White Rock Spring (Sheep) 36.70791 -115.23942 10.2 3.8 6.5 -10.38 -86.1 39.8 35.2 16.8 10.5 10.3 303.0 12.5 46.5 -- 62398 DRI-SR-3  Spring 64 04/28/05
White Rock Spring (Sheep) 36.70791 -115.23942 15.1 2.7 6.8 -10.17 -85.5 40.8 35.2 17.5 11.2 10.6 314.5 12.6 52.1 #DIV/0!  Spring 64

White Rock Spring (Butte) 40.06079 -115.16385 9.4 6.0 6.4 -15.36 -119.2 -- 62631 DRI-BT-3  Spring 355 05/24/05
White Rock Spring (Butte) 40.06079 -115.16385 9.4 6.0 6.4 -15.36 -119.2 -- 62631 DRI-BT-3  Spring 355 05/24/05

White Rock Well 38.12557 -114.17027 14.5 7.9 -13.10 -101.0 68.0 10.0 11.0 4.0 51.0 168.0 20.0 61.0 0.6 336 E4 Well 175 07/24/75
White Rock Well 38.12557 -114.17027 14.5 7.9 -13.10 -101.0 68.0 10.0 11.0 4.0 51.0 168.0 20.0 61.0 0.6 336 E4 Well 175 07/24/75

White Rock Spring (Seaman Range) 37.89630 -115.01970 -12.10 -90.0 308 Kirk1019 Spring 154 01/13/85
White Rock Spring (Seaman Range) 37.89630 -115.01970 -12.10 -90.0 308 Kirk1019 Spring 154 01/13/85

Wildhorse Spring (Fairview) 38.19722 -114.60861 8.0 7.6 -11.70 -92.5 348 GS136 Spring 183 04/06/85
Wildhorse Spring (Fairview) 38.19722 -114.60861 8.0 7.6 -11.70 -92.5 348 GS136 Spring 183 04/06/85

Wild Horse Spring (White Pine) 39.33361 -115.44333 17.5 -16.80 -129.0 466 GS251 Spring 240 07/14/81
Wild Horse Spring (White Pine) 39.33361 -115.44333 17.5 -16.80 -129.0 466 GS251 Spring 240 07/14/81

Warm Spring (White Pine Range) 38.94778 -115.22806 53.0 1.0 9.3 -15.80 -118.0 1.6 <.12 61.0 0.6 9.4 16.0 56.0 13.0 453 GS204 Spring 232 04/29/82
Warm Spring (White Pine Range) 38.94778 -115.22806 53.0 1.0 9.3 -15.80 -118.0 1.6 <.12 61.0 0.6 9.4 16.0 56.0 13.0 453 GS204 Spring 232 04/29/82

Willow Spring (KSV-1) 37.09483 -114.83096 -11.90 -86.5 180 Kirk1026 Spring 92 --
Willow Spring (KSV-1) 37.09483 -114.83096 476 Spring 92 --
Willow Spring (KSV-1) 37.09483 -114.83096 17.4 7.5 -11.60 -88.0 20.0 2.7 56.0 4.6 22.0 140.0 34.0 65.0 1.1 182 GS67 Spring 92 02/03/84
Willow Spring (KSV-1) 37.09483 -114.83096 9.3 8.3 7.5 -11.57 -88.0 18.2 3.2 55.9 2.2 21.3 131.0 33.5 67.3 -- 58489 1 Spring 92 01/12/04
Willow Spring (KSV-1) 37.09483 -114.83096 16.7 1.6 7.4 -11.63 -89.1 19.9 4.3 9.9 1.7 6.5 84.9 6.3 37.2 -- 62395 DRI-DR-2  Spring 92 04/27/05
Willow Spring (KSV-1) 37.09483 -114.83096 14.5 5.0 7.5 -11.60 -88.4 19.4 3.4 40.6 2.9 16.6 118.6 24.6 56.5 1.1 Spring 92

Willow Spring 2 (So.of Oak Sps.summit) 37.55653 -114.69773 13.7 2.5 7.4 -11.69 -91.2 59.4 14.7 25.5 1.8 13.6 274.0 15.2 55.7 -- 59693 1 Spring 260 03/25/04
Willow Spring 2 (So.of Oak Sps.summit) 37.55653 -114.69773 13.7 2.5 7.4 -11.69 -91.2 59.4 14.7 25.5 1.8 13.6 274.0 15.2 55.7 -- 59693 1 Spring 260 03/25/04

Wilson Creek 38.31806 -114.40333 17.0 8.0 -13.20 -97.5 21.0 3.3 11.0 2.9 7.0 77.0 11.0 39.0 0.3 358 E2 Surface 189 04/05/85
Wilson Creek 38.31806 -114.40333 17.0 8.0 -13.20 -97.5 21.0 3.3 11.0 2.9 7.0 77.0 11.0 39.0 0.3 358 E2 Surface 189 04/05/85

Wiregrass Spring (Sheep) 36.63325 -115.20842 9.5 7.3 -12.80 -94.0 69.0 32.0 2.7 1.1 3.0 5.0 12.0 0.1 82 GS22 Spring 49 10/28/81
Wiregrass Spring (Sheep) 36.63325 -115.20842 6.5 6.1 7.3 -12.70 -96.0 68.0 32.0 3.2 1.1 3.2 9.0 12.0 0.1 83 GS23 Spring 49 05/11/83
Wiregrass Spring (Sheep) 36.63325 -115.20842 -12.85 -94.0 83.5 JIM Spring 49 10/09/86
Wiregrass Spring (Sheep) 36.63325 -115.20842 4.0 7.3 -12.80 -91.5 71.0 34.0 2.8 1.1 3.4 374.0 6.9 12.0 0.1 84 GS24 Spring 49 03/20/87
Wiregrass Spring (Sheep) 36.63325 -115.20842 13.0 -12.55 -92.0 70.0 33.0 2.8 1.5 2.9 7.1 12.0 0.2 85 GS25 Spring 49 06/17/87
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Wiregrass Spring (Sheep) 36.63325 -115.20842 14.0 5.4 7.3 -12.75 -94.0 68.0 33.0 3.1 1.0 2.9 372.0 7.3 12.0 0.2 86 GS26 Spring 49 08/04/87
Wiregrass Spring (Sheep) 36.63325 -115.20842 4.0 5.0 7.3 -12.85 -97.0 72.0 34.0 3.1 5.7 3.8 7.7 12.0 0.2 87 GS27 Spring 49 01/05/88
Wiregrass Spring (Sheep) 36.63325 -115.20842 8.0 5.0 7.4 -12.95 -95.5 72.0 34.0 2.8 1.0 2.6 7.3 12.0 0.2 88 GS28 Spring 49 04/06/88
Wiregrass Spring (Sheep) 36.63325 -115.20842 7.0 7.3 -12.85 -94.5 69.0 36.0 3.1 1.1 2.7 7.3 12.0 0.1 89 GS29 Spring 49 12/12/88
Wiregrass Spring (Sheep) 36.63325 -115.20842 8.2 2.3 7.3 -12.87 -94.0 -- -- -- -- -- -- -- -- -- 58487 Spring 49 01/17/04
Wiregrass Spring (Sheep) 36.63325 -115.20842 9.9 2.5 6.9 -13.12 -96.8 67.8 33.2 2.5 1.0 3.7 367.0 6.0 14.4 -- 60851 2 Spring 49 06/30/04
Wiregrass Spring (Sheep) 36.63325 -115.20842 8.3 4.0 6.6 -13.76 -101.2 74.4 40.6 3.9 1.3 3.9 404.0 5.4 14.8 -- 62400 DRI-SR-2 Spring 49 04/29/05
Wiregrass Spring (Sheep Range) 36.63325 -115.20842 - - - -13.19 -95.6 - - - - - - - - - -- SH-2 Spring 49 04/29/06
Wiregrass Spring (Sheep) 36.63325 -115.20842 8.4 4.3 7.2 -12.93 -95.1 70.1 34.2 3.0 1.6 3.2 379.3 6.9 12.5 0.2 Spring 49

Wiregrass Spring (Grant) 38.35211 -115.42693 14.3 4.3 7.5 -13.29 -101.4 62831  Spring 372 06/30/05
Wiregrass Spring (Grant) 38.35211 -115.42693 14.3 4.3 7.5 -13.29 -101.4 62831  Spring 372 06/30/05

Woodchuck Spring 39.72453 -115.57297 7.5 6.9 6.8 -15.55 -119.6 -- 62706 DRI-BK-2  Spring 356 06/05/05
Woodchuck Spring 39.72453 -115.57297 7.5 6.9 6.8 -15.55 -119.6 -- 62706 DRI-BK-2  Spring 356 06/05/05

180W501 38.592009 -114.840798 -14.12 -105.6 SNWA Deep Well 600 5/17/2006
180W501 38.592009 -114.840798 -14.12 -105.6 SNWA Deep Well 600 5/17/2006

180W902 38.363315 -114.827504 -14.12 -104.7 SNWA Deep Well 601 5/18/2006
180W902 38.363315 -114.827504 -14.12 -104.7 SNWA Deep Well 601 5/18/2006

181M1 37.911628 -114.855283 -13.67 -105.0 SNWA Deep Well 603 5/31/2006
181M1 37.911628 -114.855283 -13.67 -105.0 SNWA Deep Well 603 5/31/2006
181W909M 37.695999 -114.746389 -13.50 -104.6 SNWA Deep Well 604 6/5/2006
181W909M 37.695999 -114.746389 -13.50 -104.6 SNWA Deep Well 604 6/5/2006

182M-1 37.34683 -114.957963 -14.07 -109.6 SNWA Deep Well 606 5/23/2006
182M-1 37.34683 -114.957963 -14.07 -109.6 SNWA Deep Well 606 5/23/2006

182W906M 37.326909 -114.854631 -13.33 -100.3 SNWA Deep Well 607 9/2/2005
182W906M 37.326909 -114.854631 -13.33 -100.3 SNWA Deep Well 607 9/2/2005

209M-1 37.643513 -114.989498 -13.53 -104.7 SNWA Deep Well 608 6/14/2006
209M-1 37.643513 -114.989498 -13.53 -104.7 SNWA Deep Well 608 6/14/2006

CSI-1 36.797679 -114.914709 -13.08 -102.6 SNWA Well 609 5/31/2005
CSI-1 36.797679 -114.914709 -13.08 -102.6 SNWA Well 609 5/31/2005

CSI-2 36.797681 -114.914709 -12.90 -100.2 SNWA Well 610 9/30/2005
CSI-2 36.797681 -114.914709 -12.90 -100.2 SNWA Well 610 9/30/2005

CSI-3 36.825539 -114.916667 -13.03 -99.6 SNWA Well 611 9/13/2006
CSI-3 36.825539 -114.916667 -13.03 -99.6 SNWA Well 611 9/13/2006

CSVM-2 36.661822 -114.923053 -13.14 -97.7 SNWA Well 612 1/10/2006
CSVM-2 36.661822 -114.923053 -13.14 -97.7 SNWA Well 612 1/10/2006

CSVM-3 37.052496 -114.983361 -13.10 -98.0 SNWA Well 613 1/6/2006
CSVM-3 37.052496 -114.983361 -13.10 -98.0 SNWA Well 613 1/6/2006

CSVM-4 36.991061 -114.886481 -13.41 -102.5 SNWA Well 614 1/16/2006
CSVM-4 36.991061 -114.886481 -13.41 -102.5 SNWA Well 614 1/16/2006

CSVM-5 36.747576 -114.980445 -12.67 -95.0 SNWA Well 615 1/8/2006
CSVM-5 36.747576 -114.980445 -12.67 -95.0 SNWA Well 615 1/8/2006

CSVM-6 36.832502 -114.909164 -12.97 -100.7 SNWA Well 616 1/11/2006
CSVM-6 36.832502 -114.909164 -12.97 -100.7 SNWA Well 616 1/11/2006

CSVM-7 37.047013 -114.995714 -12.51 -93.6 SNWA Well 617 1/23/2006
CSVM-7 37.047013 -114.995714 -12.51 -93.6 SNWA Well 617 1/23/2006

KPW-1 -14.00 -104.0 SNWA Well 618 12/15/05
KPW-1 -14.00 -104.0 SNWA Well 618 12/15/05
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Plate 1.  Site locations with site numbers which refer to the sites in the water chemistry appendix (Appendix 3) and on Plate 2.
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-104.0 / -14.00

-106 / -14

-98.0 / -13.10

-98.0 / -13.80

-95.0 / -13.20

-99.0 / -13.40

-97 / -12.9

-99.0 / -13.50

-82.0 / -10.60

-96 / -13.7

-89.0 / -12.40

-91.0 / -12.70

-84.0 / -11.70

-98.0 / -13.10

-92.0 / -12.30

-95.0 / -12.60

-86.0 / -11.60
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-92.0 / -11.80
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-97.0 / -13.00
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-101.0/  -13.40

-103/  -13.7

-105.0/  -14.30

-124.0/  -16.10

-96.0/  -12.48

-96.0/  -12.62

-95.0/  -12.89

-112.0/  -15.10

-92.6/  -12.40

-122/  -15.88

-107.2/  -14.2
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-97.0

-97.0/  -13.00

-90.0/  -12.00
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-77.0/  -9.90
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-81.0/  -10.60

-93.0/  -12.20 -92.0/  -11.80

-88.0/  -11.30
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-98.0/  -13.30

-79.0/  -10.50
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-89.0/  -12.70

-93.0/  -12.30

-87.0/  -12.30

-89.0/  -12.50

-80.0/  -10.80

-93/  -12.3

-129.0/  -16.80

-87.1/  -11.95

-88.0/  -11.46

-116.0/  -15.40

-126.0/  -16.40

-96.0/  -13.35

-110.0/  -14.70

-99.0/  -13.13

-92.0/  -12.85

-123.0/  -16.20

-99.0/  -13.37

-90/  -11.87

-105.0/  -14.60

-113/  -15.4

-103/  -13.9

-102/  -13.6

-97.0/  -12.68

-111/  -14.9

-105.0/  -14.50

-87.0/  -11.54

-104/  -13.4

-95.0/  -12.07

-101.1/  -14.00

-95.0/  -11.85

-105.0/  -14.20

-111.0/  -14.80

-112/  -15.2

-88.4/  -11.60

-92.5/  -11.70

-93.3/  -12.30

-94.3/  -11.90

-114/  -15.37

-110/  -15.14

-86.5/  -11.6

-100.0/  -13.04

-100.0/  -13.26

-99.5/  -13.70

-112.0/  -14.39

-116/  -15.71

-76.5/  -10.40

-93.5/  -12.80

-100/  -13.95

-111/  -14.53

-101/  -13.25

-121.0/  -15.86

-77.5/  -10.60

-91.5/  -12.10

-122/  -16.17

-102.0/  -12.93

-107.0/  -13.95

-95.1/  -12.93

-91.2/  -11.69

-85.5/  -10.17

-93.8/  -12.44

-114.4/  -15.6

-97.7/  -12.66

-98.9/  -12.96

-97.6/  -12.83

-116.2/  -15.4

-94.5/  -12.62

-94.4/  -12.44

-89.7/  -11.96

-107.3/  -14.5

-98.1/  -12.54

-97.4/  -13.24

-93.6/  -12.09

-92.1/  -12.04

-88.8/  -12.03

-98.9/  -12.73

-91.8/  -12.86
-88.7/  -12.58

-117.6/  -15.30

-89.3/  -12.31

-97.9/  -12.34

-98.4/  -14.24

-97.3/  -12.65

-93.6/  -12.98

-92.2/  -12.65

-90.5/  -12.49

-114.5/  -15.4

-91.8/  -12.67

-99.8/  -12.75
-94.3/  -11.21

-97.5/  -12.39

-98.4/  -12.98

-110.2/  -14.9

-98.5/  -12.73

-93.3/  -12.81

-99.4/  -12.48

-98.3/  -12.85
-97.2/  -13.06

-98.5/  -13.16

-92.5/  -13.15
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Plate 2.  Deuterium and oxygen-18 data for all sites in the study area.  If a site has more than one stable isotope analyses, the average value is shown on the plate. 
The data the plate was made from are given in Appendix 3.
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EXECUTIVE SUMMARY 
This report evaluates groundwater sources and flow paths in the Delamar, Dry Lake, 

and Cave valleys (DDC) area using deuterium (D) and oxygen-18 (O) data combined 
with hydrogeologic information. The DDC area is part of the larger White River Flow 
System (WRFS), so this report also evaluates groundwater flow from the DDC area to other 
adjacent valleys in the WRFS. Carbon-14 corrected groundwater ages were also estimated 
for the regional warm spring areas of the WRFS to provide information on recharge timing 
and groundwater travel times within the WRFS. 

Evaluation of isotopic variability of recharge area springs and regional warm springs 
shows that variability is small over a period of several years up to 40 years, for samples 
collected throughout all four seasons. Variability of four recharge area monitoring springs 
have standard deviations that range from 0.7 to 1.1 permil (‰) and 0.07 to 0.11‰ (except for 
one site with a value of 0.33), for D and O, respectively. This range in variability is for 
flows ranging from about 100 to 5,000 gallons per minute and with one site having 7 years of 
data and two of the three sites having 6 years of data. Isotopic variability of 10 regional warm 
springs had a standard deviation ranging from 0.5 to 1.9‰ for D and 0.05 to 0.21‰ (except 
for one site with a value of 0.67) for O. Spatial variability of recharge area sites was larger 
than the temporal variation, with standard deviations ranging from 1.8 to 4.2‰ and 0.35 to 
0.70‰ for D and O, respectively. Thus, this low variability of D and O groundwater 
data shows that they are an appropriate tool to evaluate sources and flow paths of 
groundwater in eastern and southeastern Nevada. 

The D and O data combined with mountain block recharge rates show that 
groundwater in the DDC area is supplied by local recharge from the mountain block recharge 
areas of the valleys. There is little, if any, interbasin flow into the most upgradient of these 
three valleys, Cave Valley. Groundwater flows out of Cave Valley into southeastern White 
River Valley and northeastern Pahroc Valley. Potentially a small amount (up to 2,000 acre-
feet per year) of groundwater may flow into northwest Dry Lake Valley from northeast 
Pahroc Valley. Groundwater in Dry Lake Valley flows south into Delamar Valley. 
Groundwater flows south, or southwest, out of Delamar Valley to Coyote Springs Valley, 
although some groundwater may flow through the very southern part of Pahranagat Valley 
along the Pahranagat Valley Shear Zone before entering Coyote Springs Valley.   

Isotopic data show that groundwater originating in the DDC area supplies little, if 
any, water to the warm springs in southern White River Valley. These data also show that 
groundwater discharging from warm springs in Pahranagat Valley are a mixture of waters 
recharged in numerous valleys north of Pahranagat Valley, which likely includes Cave 
Valley. 

TheD and O data, tritium data, and carbon-14 corrected groundwater ages show 
that groundwater in the WRFS, which includes Delamar, Dry Lake, and Cave valleys, is 
recharged under current climatic conditions. Carbon-14 corrected groundwater ages also 
show that it can take thousands of years for groundwater from mountainous recharge areas to 
flow through numerous basins and discharge in warm spring areas throughout the WRFS. 
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INTRODUCTION 
This report focuses on groundwater flow through the Delamar, Dry Lake, and Cave 

valleys (DDC) area in east central Nevada. These three valleys are part of the larger White 
River Flow System (WRFS), which is a regional groundwater flow system in east-central 
Nevada (Figure 1). The primary objectives of this report are to: 1) evaluate groundwater 
sources and flow paths of the DDC area, with particular interest in potential flow from the 
DDC area to springs in adjacent valleys of the WRFS, primarily regional warm springs in 
White River and Pahranagat valleys; and 2) evaluate recharge timing to the WRFS, which 
also provides information on groundwater travel times within the WRFS. 

This report is based on the Thomas and Mihevc (2007) report, but includes significant 
revisions.  The revisions include: (1) the inclusion of new data collected since the 2007 report 
and additional data from the SNWA geochemical and isotopic database; (2) the addition of 
the calculation of carbon-14 corrected groundwater ages, which provides information on 
recharge timing and groundwater travel times within the WRFS; and (3) this report only 
focuses on groundwater sources and flow paths for the DDC area, so the isotope mass-
balance model for the WRFS presented by Thomas and Mihevc (2007) was not updated or 
included in this study.  Although this report focuses on the DDC area and does not include a 
discussion of the entire WRFS, carbon-14 corrected groundwater ages are presented for the 
regional warm springs in White River, Pahranagat, and Upper Moapa valleys of the WRFS. 

The stable isotopes deuterium (2H/1H) and oxygen-18 (18O/16O), reported as D and 

O in permil (parts per thousand; ‰), respectively, are used to evaluate groundwater 

sources and flow paths for the DDC area. This evaluation includes potential groundwater 
flow from the DDC area to adjacent valleys within the WRFS. D and O are ideal natural 
tracers to evaluate water sources and flow paths of groundwater because they are part of the 
water molecule, rather than being dissolved in the water like all other potential tracers. Thus, 
D and O values are only affected by physical processes, such as evaporation, and are 
unchanged under low to moderate temperatures by geochemical processes such as dissolution 
or precipitation, which affects other potential groundwater tracers. The ratio of the mass 
difference of 2H as compared to 1H (2/1) is significantly greater than that of 18O to 16O 
(18/16), so the change in deuterium values is greater than the change in oxygen-18 values 
during physical processes. Water that has undergone any significant evaporation is easily 
identified because of this mass-ratio difference. A change in D and O values that result 
from the mass differences during physical processes is called isotopic fractionation. This 
fractionation is known and can be easily calculated for physical processes. 

The timing of groundwater recharge and the travel time of groundwater along flow 
paths in the WRFS were evaluated using: (1) stable isotopes of water that is recharged and 
discharged all along the WRFS from its headwaters in Long Valley to the Muddy Springs 
discharge area in Upper Moapa Valley (Thomas and Mihevc, 2007); and (2) carbon-13 and 
carbon-14 data for dissolved inorganic carbon in groundwater of the WRFS. D and O 
data provide information on the timing of recharge to the WRFS, as indicated by both 
recharge and regional spring isotopic values.  Carbon-14 and carbon-13 data are used to 
estimate groundwater ages that are corrected for reactions involving solid and gas phases that 
contain carbon [such as calcite (CaCO3) with no carbon-14 (rock sources) or atmospheric or 
soil zone CO2 gas with modern or elevated carbon-14 values].  
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Figure 1.   Study area location showing the White River Flow System (WRFS), which includes 

Delamar, Dry Lake, and Cave valleys (DDC area is shaded). General groundwater flow 
directions are from Burns and Drici (2011) and are shown by arrows. 
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Study Area Description 
The focus area of this project is the DDC area, but it also includes the WRFS because 
groundwater flows from the DDC area to other valleys of the WRFS (Figure 1). The regional 
WRFS extends from Long Valley in the north to the Muddy River Springs area in Upper 
Moapa Valley in the south, with the DDC valleys located in the eastern middle part of the 
WRFS.  A groundwater hydraulic gradient extends from Long Valley in the north to the 
Muddy River Springs area of Upper Moapa Valley in the south (Eakin, 1966; Mifflin, 1968; 
Thomas et al. 1986; 1996; 2001; Kirk and Campana, 1990; Thomas and Mihevc, 2007). 
Groundwater flow directions for the entire WRFS, including the DDC area, are shown in 
Figure 1. 
Groundwater flows from north to south down the WRFS primarily in carbonate rock aquifers 
that underlie the area (Eakin, 1966; Mifflin, 1968; Thomas et al. 1986; 1996; Kirk and 
Campana, 1990; Plume and Carlton, 1988; Plume, 1996; Welch et al., 2007).  Groundwater 
flows between valleys along the hydraulic gradient, and this interbasin flow is discharged 
from regional warm (> 20oC) springs in White River, Pahranagat, and Upper Moapa valleys 
(Eakin, 1966; Mifflin, 1968; Kirk and Campana, 1990; Thomas et al., 1996; 2001; Thomas 
and Mihevc, 2007). Groundwater is recharged in mountains of the WRFS, which are 
generally along the eastern and western sides of the valleys, and this local recharge mixes 
with interbasin flow as it passes from one topographic valley to the next. Groundwater is 
discharged from local springs supplied by water from the adjacent mountain block recharge 
areas and from regional warm spring areas that include a mixture of groundwater from many 
recharge areas and valleys. Groundwater is also discharged in phreatophytic areas in some 
valleys of the WRFS, some of which are associated with warm spring discharge areas and 
others that are not part of the regional warm spring discharge areas but instead are supplied 
by recharge to that valley. 

Water Chemistry and Isotope Data 
Most of the water chemistry and isotopic data used in this report were collected by 

Desert Research Institute (DRI), U.S. Geological Survey (USGS), and Southern Nevada 
Water Authority (SNWA) personnel. Most of the water chemistry samples were analyzed at 
the DRI Water Quality Laboratory, in Reno, Nevada, or the USGS Central Water Quality 
Laboratory, in Denver, Colorado.  Recent D and O samples were analyzed at the 
University of Nevada, Reno Isotope Laboratory. Historic D and O data used in this report 
are from samples analyzed at the DRI Isotope Laboratory in Las Vegas, Nevada; the USGS 
Isotope Laboratories in Reston, Virginia and Menlo Park, California; and the Waterloo 
Isotope Laboratory in Waterloo, Canada. Recent carbon-13 and carbon-14 isotopic data are 
from samples analyzed at the University of Arizona Accelerator Facility in Tucson, Arizona. 
Historic carbon isotope data are from samples analyzed at the DRI Isotope Laboratory in Las 
Vegas, Nevada, and the USGS Isotope Laboratories in Reston, Virginia and Menlo Park, 
California.  All data used in this report are provided in Appendix 1. Appendix 1 was 
developed for isotopic and chemical studies for east-central and southeastern Nevada, so it 
also contains data outside of the area of this study that were not used in this report. 
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USING STABLE ISOTOPE DATA TO EVALUATE GROUNDWATER SOURCES 
AND FLOW PATHS 

D and O have been used to evaluate groundwater sources and flow paths because 
they are part of the water molecule. Once water recharges an aquifer, its isotopic signature 
(D and O values) travels with the water and remains unchanged unless the water mixes 
with water from another source(s) with different D and O values, or the groundwater 
undergoes evaporation (Kirk and Campana, 1990; Thomas et al., 1996; 2001; Clark and 
Fritz, 1997; Lundmark et al., 2007; Thomas and Mihevc, 2007). Thus, if the isotopic values 
of the recharge waters are known, and they differ for different recharge areas, then the 
source(s) of water in an aquifer can be identified.D and O are conservative, so that they 
can also be used to evaluate amounts of groundwater mixing from different sources along a 
groundwater flow path. 

In this study, the stable isotopes of water (D and O) are used to evaluate sources 
of groundwater in Delamar, Dry Lake, and Cave valleys and groundwater discharging from 
springs in adjacent valleys of the WRFS. As noted above, the D and O values change 
only during evaporation and are not involved in chemical reactions that could change their 
values. Any groundwater that has undergone significant evaporation is not included in the 
isotope evaluations of water sources and flow paths and is not included in Appendix 1. A 
groundwater sample is assumed to have undergone significant evaporation if the predicted 
D value as calculated from the measured O value of the sample is 10‰, or more, positive 
than the measured deuterium value. These samples are easily identified on a D versus O 
plot because they plot 10‰ below (to the right of) of the global meteoric water line defined 
by the equation D = 8O + 10 (Craig, 1961). The global meteoric water line is a 
regression line that represents un-evaporated precipitation from all over the world, ranging 
from the equator to the Arctic and Antarctica. A local meteoric water line is sometimes 
developed for studies in  Nevada, but these lines generally include groundwater samples that 
have undergone some evaporation or sublimation prior to recharge, thus they are highly 
influenced by the evaporated less negative samples. A study of isotopic values of 
precipitation in southern Nevada showed that precipitation values plot close to the global 
meteoric line, except for the lightest storms (<0.25 cm) which were highly evaporated, and 
snow samples plot along the global meteoric water line (Benson and Klieforth, 1989).  

Groundwater sources and flow paths were evaluated by calculating the average D 
and O values of mountain block recharge areas in a valley. Valleys in east-central and 
southeastern Nevada generally have two main recharge areas, a mountain block on the east 
side and a mountain block on the west side of the valley. However, no matter if there are two, 
or more than two, recharge areas within a topographic basin (valley), they are treated 
separately and assigned their own average D and O values. D and O values are 
assigned to recharge areas by taking the average stable isotope values of all the springs 
sampled in a recharge area. If a spring site contains more than one sample, then the average 
D and O values for the site is used in calculating the average stable isotope value of the 
recharge area.  

Recharge-area springs are used to represent the isotopic composition of groundwater 
recharge to a mountain block because they represent an integration of many recharge events 
and generally integrate recharge over large areas. Recharge-area springs are great integrators 
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and represent precipitation that becomes groundwater recharge because they: (1) average the 
isotopic composition of all precipitation events that become recharge, (2) do not contain 
water, and its isotopic signature, that is lost by sublimation, evaporation, and transpiration, 
and (3) represent a larger area than a single measurement point, such as precipitation 
collected at a single location. 

The D and O values of groundwater discharging from springs, or in wells, on the 
valley floor can be used to evaluate the source(s) of water supplying them. Springs and wells 
on valley floors that contain cool (< 20oC) groundwater can be used to evaluate sources of 
water recharging a basin. The source(s) of this cool water is generally local recharge to the 
adjacent mountain blocks, as indicated by the average isotopic composition of springs in 
mountain-block recharge areas weighted by the amount of recharge to each individual 
mountain block. If the D and O values of water in a spring or well on a valley floor are 
similar to the average D and O values of the recharge to the valley (within 2‰  D and 
0.2‰ O) then the most likely groundwater source(s) is the local recharge to the mountain 
blocks within the valley. If the groundwater isotopic values are significantly different than 
the average recharge values, then the groundwater may include interbasin flow from an 
upgradient valley(s). Springs and wells on valley floors that contain warm groundwater [> 
20oC, which represents an average flow depth of several thousand feet (Acheampong et al., 
2005)] can be used to evaluate water sources and interbasin flow. The warm springs usually 
include flow from an upgradient basin(s) that flows at depth into the valley. The D and O 
values of groundwater flowing out of an upgradient basin(s), along with D and O values 
of local recharge, are used to identify the source(s) of groundwater discharging from warm 
spring areas. All four warm spring areas in White River, Pahranagat, and Upper Moapa 
valleys of the WRFS are isotopically much lighter (more negative) than local recharge in the 
adjacent mountain block recharge areas, supporting interbasin groundwater flow to these 
springs from upgradient basins (Plate 2; Appendix 1). 

Deuterium and Oxygen-18 Variability 

An important consideration in using D and O values to evaluate the source(s) of 
water discharging from valley springs, or in wells, is their natural variability. This variability 
includes; (1) changes in recharge area spring isotopic values over time; (2) potential stable 
isotope differences with altitude in recharge areas; (3) the spatial distribution of stable 
isotope values of springs in mountain block recharge areas; and (4) changes in regional warm 
spring isotopic values over time. Ideally, isotopic variability will be small so that isotope 
values for springs in recharge areas and for springs and wells on the valley floor do not have 
a large uncertainty associated with them. If uncertainty of isotopic values for these springs 
and wells is small, then the measured isotopic values are appropriate indicators for 
determining present day recharge sources, as well as, historic recharge sources for springs 
and wells on valley floors. The analytical (measurement) precision for D is +/– 1.0‰ and 
for O is +/– 0.10‰. (Analytical precision values represent one standard deviation; Simon 
Poulson, University of Nevada, Reno Isotope Laboratory, oral communication, 2007.) 

Isotopic Variability Over Time of Springs in Recharge Areas 
A large amount of isotopic data has been collected in recharge areas of the WRFS, 

including the DDC area (Figure 1; Plates 1 and 2; Appendix 1). Three springs in major 
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recharge areas of the WRFS [Monitoring Spring WR1 in the White Pine Range (site 320), 
Upper Terrace Spring WR2 in the Egan Range (site 270), and Patterson Pass Spring WR3 in 
the Schell Creek Range (site 305)] have been continuously monitored for flow, water 
temperature, and electrical conductance. These springs have also been sampled on an 
approximately quarterly basis (access permitting) for D, O, pH, and major-ion chemistry 
from October of 2003 to November 2009, with WR1 also having a sample collected in June 
2010. In addition, one recharge area spring [Upper Riggs Spring, WR4 in the Delamar 
Mountains (site 105)] was monitored and sampled from April 2004 to February 2005 until 
the monitoring site was destroyed by a flood. This monitoring site also has a sample from 
February 1984. Bulk precipitation amount was also measured at the spring monitoring sites 
and precipitation samples were collected for D and O analysis. These data are presented 
in Appendix 2. Numerous recharge-area springs were also sampled for stable isotopes and 
major-ion chemistry to provide information for recharge areas that had little or no isotopic 
data in the Thomas et al. (2001) study and to provide more data for all recharge areas 
throughout the WRFS (Plates 1 and 2; Appendix 1). 

Continuous flow and approximately quarterly deuterium data for recharge-area 
monitoring springs are shown in Figures 2, 3, and 4 (O is not shown on the plots because 
it is strongly correlated with D and follows the same trend as D). As is observed in all 
three figures, the D composition of the springs varies little with change in flow or season. 
For example, D values for Monitoring Spring WR1 in the White Pine Range only varies 
between -116.2 and -111.2‰ for a range in flow of about 100 to 5,000 gallons per minute 
and for the time period October 2003 to June 2010 (Figure 2; Table 1). Oxygen-18 for these 
same samples varies between -15.90 and -15.32‰. During this period, 25 samples were 
collected with an average D value of -114.0‰ and a standard deviation of 1.1‰ and an 
average O value of -15.63‰ with a standard deviation of 0.11‰ (Table 1). A similar 
pattern is observed for the other three recharge-area monitoring springs in the WRFS 
(Figures 3 and 4; Table 1). Table 1 presents a summary of the data in Figures 2, 3, and 4 and 
data for the shorter record at Upper Riggs Spring WR4 in the Delamar Range, with 
minimum, maximum, median, mean, and standard deviation values for the isotopic data for 
all four recharge area monitoring sites. The greatest range in D values that was observed for 
all four sites is 5.0‰ for the Monitoring Spring WR1 in the White Pine Range and the 
smallest range is 1.8‰ for five samples for the Upper Riggs Spring WR4 monitoring site in 
the Delamar Mountains (Table 1). All of the standard deviations of the spring D data are 
about 1‰ with the highest standard deviation being 1.1‰ for Monitoring Spring WR1 and 
the lowest being 0.7‰ for Upper Riggs Spring. O data follows a similar pattern with the 
standard deviation ranging from 0.07 to 0.11‰ (except for Upper Riggs Spring with a value 
of 0.33‰) for the four recharge-area monitoring sites (Table 1). These standard deviations 
are about the same as the analytical uncertainty of the D and O water analysis. 

SE ROA 46811

JA_14180



7 

 
Figure 2.  Deuterium and flow data for Monitoring Spring WR1 in the White Pine Range in 

northwestern White River Valley. Green squares are the deuterium data, which have an 
analytical uncertainty of +/- 1.0‰. Blue line is spring flow. The high spring flows in the 
spring of 2005 are estimated from a rating curve developed from continuous stream-
height data and flow measurements (flow exceeded the flume capacity). 

 
Figure 3.  Deuterium and flow data for Upper Terrace Spring WR2 in the Egan Range in 

northeastern White River Valley. Green squares are the deuterium data, which have an 
analytical uncertainty of +/- 1.0‰. Blue line is spring flow. 
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Figure 4.  Deuterium and flow data for Patterson Pass Spring WR3 in the Schell Creek Range in 

western Lake Valley. Green squares are the deuterium data, which have an analytical 
uncertainty of +/- 1.0‰. Blue line is spring flow. 

 
 

Table 1.  Variability of D and 18O in recharge-area springs of the WRFS. Values are reported in 
permil. 

Site  Name   Number of 
Samples Minimum Maximum Median Mean Standard 

Deviation 
White Pine Range 

Monitoring 
Spring WR1 

D 25 -116.2 -111.2 -114.1 -114.0 1.1 

Monitoring 
Spring WR1 


18O 25 -15.90 -15.32 -15.64 -15.63 0.11 

Egan Range 
Upper Terrace 
Spring WR2 

D 21 -115.6 -111.8 -114.3 -114.2 0.8 

Upper Terrace 
Spring WR2 


18O 21 -15.64 -15.24 -15.46 -15.45 0.08 

Schell Creek Range 
Patterson Pass 
Spring WR3  

D 24 -109.1 -106.1 -107.8 -107.6 0.8 

Patterson Pass 
Spring WR3  


18O 24 -14.96 -14.71 -14.90 -14.88 0.07 

Delamar Mountains 
Upper Riggs 
Spring WR4 

D 5 -88.0 -86.2 -87.0 -87.0 0.7 

Upper Riggs 
Spring WR4 


18O 5 -12.46 -11.55 -11.90 -11.95 0.33 
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Isotopic Variability with Altitude of Springs in Recharge Areas 
The potential for variability of stable isotope values with altitude also needs to be 

considered, because if stable isotope values become more depleted (more negative) with 
increasing altitude in the recharge areas, this would need to be accounted for in assigning 
average stable isotope values to recharge areas (the amount of precipitation and the percent 
of precipitation that becomes recharge increases with increasing altitude). The altitudes of the 
springs were used in these evaluations, although the average recharge altitude of the source 
of the spring water would be a better altitude value to use than the spring altitude (Russell et 
al., 2007). One could estimate the average altitude of recharge represented by the spring 
using the methods of Russell et al. (2007), or by simply taking the average altitude of the 
catchment above the spring because according to Russell et al. (2007), page 48 ―Uncertainty 
in the actual elevation of the recharge basin tended to pull the mean elevation toward the 
middle of that slope.‖ In the Russell et al. (2007) report ―that slope‖ was the slope between 
the spring and the highest point in the watershed above the spring. However, this approach 
was not taken in this study because of the unknown source of recharge to the springs (they 
could be derived from recharge to the mountain block anywhere above the spring) and 
precipitation amounts for the elevation gradients within the watershed would have to be 
known to correctly estimate the average recharge altitude based on a precipitation weighted 
altitude relationship (because of the increase in precipitation with altitude in mountainous 
recharge areas of Nevada). Finally, using the average altitude of the spring catchment would 
have little effect on the trends of the plots presented in Figures 5 through 8, and any effect 
would likely be to increase the lower-spring altitudes relative to the higher-spring altitudes 
(since many of the springs would have a similar ridge line altitude for their catchments). 
Incorporating average recharge altitudes for springs would likely reduce any potential 
altitude-stable isotope relationship. 

The relationship between D and altitude was evaluated for four major recharge areas 
in the study area that contained 14, or more, springs. In the northern part of the WRFS, the 
White Pine Range and Central Egan Range D data were plotted as a function of altitude 
(Figures 5 and 6). There are very weak relationships (R2 values of 0.066 and 0.018) of D as 
a function of altitude in these plots and the strongest relationship, which is for the White Pine 
Range, shows a negative slope for D as a function of altitude (D values increase with 
increasing altitude). In the central and southern part of the WRFS, D data were plotted as a 
function of altitude for the Fairview and Bristol Ranges and the Delamar Mountains 
(Figures 7 and 8). There is a very weak relationship of D with altitude for the Fairview and 
Bristol Ranges (R2 value of 0.026). There is a stronger observed relationship for the Delamar 
Range (R2 value of 0.366) than the other three recharge areas, with D values becoming 
more positive with decreasing altitude (Figures 5-8). Using the average value of all the 
springs may result in a more positive D recharge value for the Delamar Range than the 
actual D recharge value, so this relationship could shift the average isotopic recharge value 
for the Delamar Range to an isotopic value that is 2 to 3‰ more negative. This shift would 
have no effect on the interpretations in this report. Although a decrease in D values with 
increasing altitude is observed on the western side of the Sierra Nevada, as storm tracks 
originating from the Pacific Ocean move inland and ascend to the Sierra crest (Smith et al., 
1979), this effect is not assumed to occur in eastern and southeastern Nevada because cloud  
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Figure 5.  Deuterium as a function of altitude in the White Pine Range. D data have an analytical 

uncertainty of +/- 1.0‰. 
 
 

 
Figure 6.  Deuterium as a function of altitude in the Central Egan Range.D data have an analytical 

uncertainty of +/- 1.0‰. 
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Figure 7.  Deuterium as a function of altitude in the Highland and Fairview Ranges.D data have 

an analytical uncertainty of +/- 1.0‰. 
 

 

 
Figure 8.  Deuterium as a function of altitude in the Delamar Mountains.D data have an analytical 

uncertainty of +/- 1.0‰. 
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base levels may be similar across the Great Basin. The lack of an apparent D with altitude 
relationship in all but the Delamar Range in the four WRFS recharge areas is consistent with 
the results of Thomas et al. (1996; Figure 21) for the Spring Mountains in southern Nevada. 
They found no D-altitude relationship for samples ranging in altitude from about 4,400 to 
10,300 feet in the Spring Mountains. The significance of a lack of a D-altitude relationship 
is that isotopic values in recharge areas can simply be averaged to obtain the recharge 
isotopic signature for a mountain block recharge area. 

Spatial Isotopic Variability of Springs in Recharge Areas 

The spatial variability of D values in recharge areas is presented in Table 2. The 
range in D values for the recharge areas is 4.8 to 11.9‰ and the standard deviations of these 
recharge area springs range from 1.8 to 4.2‰ (Table 2). These ranges in D and standard 
deviation values are greater than the range in spring D temporal values presented in Table 1. 
Given that D values of groundwater in valleys adjacent to these recharge areas, that have 
cool temperatures (< 20oC) and variable flow rates indicating that they are derived from local 
recharge, have similar D values to that of the average value of springs in the adjacent 
recharge areas indicates that they are appropriate values to represent recharge in the 
mountain block recharge areas (see discussion later in this report in section titled ―Isotopic 
Evaluation of Groundwater Sources and Flow Paths‖). This similarity of the average D 
value of springs in recharge areas with that of locally derived groundwater in adjacent 
valleys, combined with the small variability of spring D values over time and large flow 
fluctuations, shows that springs in mountain block recharge areas provide good 
representative D values for DDC recharge areas. 

Isotopic Variability of Regional Warm Springs  
Regional warm (> 20oC) springs in the WRFS have consistent isotopic values and 

flow rates over time, have average flow depths of several thousand feet (Acheampong et al., 
2005), and contain significantly more negative isotopic values than local recharge to the 
basin that they are in, so they provide valuable information needed to evaluate interbasin 
groundwater flow in the WRFS.  Thus, it is important that isotopic variability of these 
springs is known, and if this variability is large, then the water sources supplying regional 
warm springs would need to be considered under transient, rather than steady-state, 
conditions. Table 3 presents minimum, maximum, median, mean, and standard deviation 
values for D and O for the warm spring provinces (discharge areas) of the WRFS. 
Analysis of data are presented for individual springs within a warm spring province if three 
or more analyses are available and for the average of all warm springs in a warm spring 
province (Table 3). For example, in northern White River Valley, Preston Big Spring 
(Appendix 1 and Plate 1; site 231) is a warm spring in the Preston warm spring province that 
has 13 samples, so the variability of stable isotopic data for this spring was analyzed. 
Additionally, there are two other warm springs in the warm spring province, Nicholas 
(Appendix 1 and Plate 1; site 227) and Cold (Appendix 1 and Plate 1; site 230) springs. Cold 
Spring is a warm (21.8oC) spring despite its name. So, the statistical values for Preston Big 
Spring data and also for the average values of the three springs in the Preston warm spring  
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Table 2.  Spatial variability of D and 18O in mountain block recharge areas of the DDC area. Values are reported in permil. NA: not 
applicable. 

Site  Name   Number of Samples Minimum Maximum Median Mean Standard Deviation 

Cave Valley 
South Schell Creek Range D 6 -109.5 -99.5 -106.2 -105.0 4.0 
South Schell Creek Range 

18O 6 -14.88 -13.17 -14.47 -14.21 0.64 
South Egan Range D 8 -111.4 -103.4 -106.6 -106.9 3.3 
South Egan Range 

18O 8 -15.04 -13.32 -14.21 -14.15 0.70 

Dry Lake Valley 
South Schell Creek Range  D 1 -100.9 -100.9 -100.9 -100.9 NA 
South Schell Creek Range 

18O 1 -13.17 -13.17 -13.17 -13.17 NA 
North Pahroc Range D 8 -97.3 -90.5 -94.1 -94.3 2.4 
North Pahroc Range 

18O 8 -13.06 -11.76 -12.43 -12.39 0.42 
Fairview Range D 13 -103.5 -97.4 -98.9 -99.5 2.0 
Fairview Range 

18O 13 -13.60 -12.34 -12.73 -12.88 0.44 
Bristol and Highland Ranges D 6 -101.2 -95.0 -99.1 -98.9 2.2 
Bristol and Highland Ranges 

18O 6 -13.87 -12.07 -13.36 -13.28 0.66 
Chief Range D 9 -98.9 -88.2 -95.0 -94.6 3.9 
Chief Range 

18O 9 -12.98 -11.69 -12.32 -12.36 0.52 

Delamar Valley 
Delamar Range  D 17 -98.9 -87.0 -91.8 -92.4 4.2 
Delamar Range 

18O 17 -12.98 -11.46 -12.47 -12.32 0.49 
South Pahroc Range  D 8 -97.4 -92.6 -94.2 -94.6 1.8 
South Pahroc Range 

18O 8 -13.24 -12.30 -12.84 -12.81 0.35 
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Table 3. Variability of D and 18O of regional warm (> 20oC) springs in the WRFS. Values are reported in permil. 
Site  Name   Number of  

Samples 
Minimum Maximum Median Mean Standard  

Deviation 

North White River Valley 
Preston Big Spring  D 13       -126.0       -120.0       -121.8 -122.0 1.5 
Preston Big Spring  

18O 13         -15.99 -15.60 -15.88 -15.87 0.12 
        
North White River Valley D 3       -124.0       -121.8 -123.5 -123.1 1.2 
North White River Valley  

18O 3 -16.10 -15.80 -15.88 -15.93 0.16 

South White River Valley 
Hot Creek Springs D 12 -120.5 -117.4 -119.1 -119.1 0.9 
Hot Creek Springs 

18O 12 -15.82 -15.50 -15.71 -15.69 0.10 
        
South White River Valley D 4 -120.0 -118.0 -119.4 -119.2 0.9 
South White River Valley 

18O 4 -15.80 -15.30 -15.65 -15.60 0.21 

Pahranagat Valley 
Crystal Springs D 18 -111.0 -106.9 -109.0 -109.0 1.0 
Crystal Springs 

18O 15 -14.53 -14.23 -14.41 -14.40 0.08 
Hiko Spring D 7 -110.5 -105.0 -109.5 -108.7 1.9 
Hiko Spring 

18O 4 -15.30 -13.80 -14.23 -14.39 0.67 
Ash Springs D 6 -112.0 -107.0 -108.7 -109.1 1.8 
Ash Springs 

18O 3 -14.20 -14.03 -14.10 -14.11 0.09 
        
Pahranagat Valley D 4 -109.1 -107.2 -108.9 -108.5 0.9 
Pahranagat Valley 

18O 4 -14.40 -14.11 -14.29 -14.27 0.14 
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Table 3. Variability of D and 18O of regional warm (> 20oC) springs in the WRFS (continued). 
Site  Name   Number of  

Samples 
Minimum Maximum Median Mean Standard  

Deviation 

Upper Moapa Valley (Muddy Springs area) 
Baldwin Spring  D 9 -98.6 -96.3 -97.9 -97.6 0.8 
Baldwin Spring  

18O 9 -13.05 -12.91 -12.95 -12.97 0.05 
Big Muddy Spring D 6 -99.0 -96.5 -98.0 -97.9 0.8 
Big Muddy Spring 

18O 5 -13.05 -12.75 -12.89 -12.89 0.11 
Jones Spring Pumphouse D 6 -98.9 -97.3 -97.9 -97.9 0.5 
Jones Spring Pumphouse 

18O 6 -13.10 -12.99 -13.07 -13.05 0.05 
Pederson's East D 9 -98.7 -97.0 -97.7 -97.8 0.6 
Pederson's East 

18O 9 -13.06 -12.89 -12.98 -12.98 0.06 
Pederson's Warm Spring (M-13) D 15 -99.0 -96.5 -97.4 -97.5 0.6 
Pederson's Warm Spring (M-13) 

18O 13 -13.05 -12.75 -12.91 -12.93 0.09 
        
Upper Moapa Valley D 9 -99.0 -96.5 -97.8 -97.7 0.7 
Upper Moapa Valley 

18O 8 -13.05 -12.45 -12.94 -12.87 0.19 
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province are presented in Table 3. D values for Preston Big Spring range from -126.0 
to -120.0‰, with a mean value of -122.0‰ and a standard deviation of 1.5‰. D values 
range from -124.0 to -121.8‰, with a standard deviation of 1.2‰ for the average values of 
the three springs in the Preston warm spring province. In general, the standard deviations for 
the individual warm spring D data and for the average values of all springs with isotopic 
data in a warm spring province are about 1‰ (Table 3). O data follow a similar pattern, 
with standard deviations ranging from 0.05 to 0.21‰ (except for one site with a standard 
deviation of 0.67‰). The variability of the warm spring isotopic data is similar to the 
analytical uncertainly of D (1.0‰) and O (0.1‰). This low variability of the stable 
isotopic data shows that the stable isotopic composition of regional warm springs provides an 
appropriate means for evaluating groundwater sources and flow paths for the springs. 

It is important to understand that the small degree of isotopic variation in some 
samples from warm springs is over a period lasting from 20 to 40 years. For example, 
isotopic data was first collected for Big Muddy Spring, in Upper Moapa Valley, in March 
1970 and six samples from 1970 to 2004 have a range of only -99.0 to -96.5‰. Similarly, 
Hiko, Crystal, and Ash springs in Pahranagat Valley have isotopic data that were first 
collected in 1968. For all three springs during the time period of 1968 to 2006, D only 
varied by 5.5‰. Preston Big Spring in northern White River Valley and Hot Creek Spring in 
southern White River Valley have samples that span 24 and 26 year periods with a range in 
D values of 6.0 and 3.1‰, respectively (Table 3).Summary of Isotopic Variability 

The small range in isotopic values and standard deviations of the recharge area and 
regional warm spring data shows that D and O are appropriate tracers of groundwater in 
the WRFS that can be used to evaluate sources and flow paths. If temporal variability of D 
and O of recharge area monitoring springs and regional warm springs had been high, then 
the uncertainty associated with using them to evaluate water sources and flow paths in 
regional flow systems would have also been high. 

Isotopic Evaluation of Groundwater Sources and Flow Paths 
The WRFS shown in Figure 1 and Plate 1 has a hydraulic gradient that extends from 

Long Valley in the north to Upper Moapa Valley (Muddy River Springs) in the south (Eakin, 
1966; Mifflin, 1968; Kirk and Campana, 1990; Thomas et al., 1996; 2001; Thomas and 
Mihevc, 2007). Groundwater in this regional flow system flows primarily through carbonate-
rock aquifers (Eakin, 1966; Mifflin, 1968; Thomas et al. 1986; 1996; Plume and Carlton, 
1988; Kirk and Campana, 1990; Plume, 1996; Welch et al., 2007), although volcanic rocks 
are also present as is observed for parts of the DDC area of the White River Flow System 
(Plume and Carlton, 1988; Plume, 1996; Rowley and Dixon, 2011).  

If D and O data are going to be used to evaluate groundwater sources and flow 
paths, including interbasin flow, then these data have to be significantly different for the 
different recharge areas and for groundwater within each valley. Thomas and Mihevc (2007) 
showed that the D and O values of groundwater in the northern part of the WRFS were 
50 and 6.5‰ more negative, respectively, than groundwater in the southern part of the 
WRFS. Although the DDC area only extends through the middle and eastern part of the 
WRFS (Figure 1), D and O data for the DDC area have a range of 24.4 and 3.35‰, 
respectively, from northern Cave Valley to southern Delamar Valley (Figure 9). Since, the 
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analytical uncertainty of D is +/- 1‰ and O is +/- 0.1‰, these differences in D and 

O values observed for the DDC area are significant, so D and O values can be used to 

evaluate sources and flow paths of groundwater in the DDC area and potential flow to 
adjacent valleys. 

 
Figure 9.  Plot of deuterium versus oxygen-18 for samples in the DDC area. GMWL is the Global 

Meteoric Water Line from Craig (1961). 

 
Groundwater discharging from springs and in wells on the valley floors outside of 

recharge areas can be used to evaluate groundwater sources and flow paths. Two types of 
springs exist in the WRFS: (1) cool (< 20oC) springs that receive recharge from adjacent 
mountain block recharge areas surrounding a valley; and (2) warm (> 20oC) springs that have 
deep groundwater flow (thousands of feet below the land surface; Acheampong et al., 2005) 
and generally have interbasin flow as part, if not all, of their discharge. In the DDC area, cool 
springs and wells on the valley floors are present, but there are no warm springs in this area. 
However, regional warm springs are present in valleys adjacent to the DDC area, so isotopic 
data for warm springs in White River and Pahranagat valleys are used to evaluate potential 
groundwater flow from the DDC area to these regional warm springs.  

Delamar, Dry Lake, and Cave Valleys 
The DDC area has groundwater flow primarily in carbonate-rock aquifers underlying 

the three valleys and unconsolidated basin-fill aquifers within the valleys (Burns and Drici, 
2011). There are also areas of volcanic rock in the DDC area that may contain local aquifers 
(Plume, 1996; Rowley and Dixon, 2011). A hydraulic gradient extends from Cave Valley 
(highest water level elevations) to Dry Lake Valley to Delamar Valley (lowest water level 
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elevations; Figure 1 and Plate 1; Burns and Drici, 2011). Thus, potentially groundwater could 
flow from Cave to Dry Lake to Delamar valleys from north to south down the hydraulic 
gradient.  However, due to geologic and structural controls in the central and southern parts 
of Cave Valley, groundwater in northwestern Cave Valley is thought to flow toward the 
southwest into southeastern White River Valley (along the Shingle Pass Fault system) and 
groundwater in northeastern and southern Cave Valley is thought to flow toward the 
southwest into northeastern Pahroc Valley (Eakin, 1966; Kirk and Campana, 1990; Thomas 
and Mihevc, 2007; Burns and Drici, 2011; Rowley and Dixon, 2011). Hydrogeologic data 
indicates that groundwater does flow from northern Dry Lake Valley to the south through 
Dry Lake Valley and into northern Delamar Valley. Groundwater in northern Delamar 
Valley flows to the south and eventually out of the southern end of the valley into Coyote 
Springs Valley. Groundwater in southern Delamar Valley also potentially flows to the 
southwest along the Pahranagat Valley Shear Zone and into the very southern end of 
Pahranagat Valley and northern Coyote Springs Valley (Eakin, 1966; Kirk and Campana, 
1990; Thomas and Mihevc, 2007; Burns and Drici, 2011). 

heD and O data of mountain block recharge areas can be used with recharge 
estimates, evapotranspiration (ET) estimates, and groundwater flow directions to evaluate the 
sources, flow paths, and mixing of groundwater in the DDC area. Recharge to the southern 
Egan and southern Schell Creek ranges provide recharge to Cave Valley aquifers (Figure 10). 
The southern Egan Range recharge has average D and O values of -106.9 and -14.15‰, 
respectively (Tables 2 and 4). The southern Schell Creek Range has average D and O 
values of -105.0 and -14.21‰, respectively (Tables 2 and 4). The mixture of these two 
recharge sources to Cave Valley produces an average annual recharge to the valley of 13,700 
acre-feet per year (afy) with an average isotopic composition of -105.9 and -14.18‰ 
(Table 4). There is an estimated 1,300 afy of groundwater lost by ET from shallow 
groundwater in Cave Valley (Burns and Drici, 2011).  Thus, 12,400 afy of groundwater flows 
out of Cave Valley to southeastern White River Valley and northeastern Pahroc Valley. This 
groundwater has an isotopic signature of -105.9 and -14.18‰ for D and O, respectively. 

he D and O data for groundwater in springs and wells located on the valley floor 
of Cave Valley are used to evaluate the sources of groundwater supplying the aquifers of 
Cave Valley. If the mixture of water from the two main recharge areas is the only source 
supplying groundwater to Cave Valley aquifers, then groundwater in the valley should have 
similar D and O values as the mixture of recharge waters. Groundwater discharging from 
Cave Spring (Appendix 1; plates 1 and 2; site 209) has average D and O values of -102.5 
and -13.94‰, respectively, for four samples. Groundwater in five wells (Appendix 1; plates 
1 and 2; sites 600, 601, 620, 625, 627) have D values ranging from -106.3 to -104.7‰ and 

O values ranging from -14.27 to -13.75‰, respectively (Plates 1 and 2; Appendix 1). 

Ideally, D and O values would be within 2.0 and 0.2‰, respectively, of the proposed 
sources of water for the valley aquifers if these are the sources supplying all of the water to 
the valley aquifers (Thomas et al., 2001; Thomas and Mihevc, 2007). The average D value 
of water flowing from Cave Spring is 3.4‰ more positive, and the average O value is 
0.24‰ more positive, than that of the average recharge values. These Cave Spring values are 
1.4 and 0.04‰ more positive than the ideal range of D and O values, respectively, for 
supporting local recharge water as the sole source of water for the spring. However, these 
values are within the range of spring values in the Cave Valley recharge areas (Figure 9). In  
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Figure 10.  DDC area showing the mountain ranges that comprise the mountain block recharge areas 

for the three valleys. 
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Table 4.  DDC area average isotopic values for mountain block recharge areas, valley 

groundwaters, and inflows and outflows to the valleys; and estimated recharge and 
evapotranspiration (ET) average annual rates, and outflow and inflow rates to valleys. D 
and 18O values are in permil and recharge and ET values are in acre-feet per year. 
Recharge and ET values are from Burns and Drici (2011). 

Site  Name D 
18O  Recharge/ET 

Cave Valley 
South Schell Creek Range -105.0 -14.21 6,800 
South Egan Range -106.9 -14.15 6,900 

 
Recharge to Cave Valley -105.9 -14.18 13,700 
ET from Cave Valley -105.9 -14.18 1,300 
Flow out of Cave Valley to southeastern 
White River Valley and northeastern 
Pahroc Valley 

-105.9 -14.18 12,400 

Dry Lake Valley 
South Schell Creek Range  -100.9 -13.17 2,200 
North Pahroc Range -94.3 -12.39 1,000 
Fairview Range -99.5 -12.88 3,700 
Bristol and Highland Ranges -98.9 -13.28 7,600 
Chief  and Burnt Spgs Ranges -94.6 -12.36 1,800 
    
Recharge to Dry Lake Valley -98.6 -13.02 16,300 
Inflow to Dry Lake Valley from NE 
Pahroc Valley 

-105.9 -14.18 2,000 

ET from Dry Lake Valley   0 
Flow out of Dry Lake Valley to Delamar 
Valley 

-99.4 -13.15 18,300 

Delamar Valley 
Delamar Range  -92.4 -12.32 5,600 
South Pahroc Range  -94.6 -12.81 1,000 
    
Recharge to Delamar Valley -92.8 -12.39 6,600 
Inflow to Delamar Valley -99.4 -13.15 18,300 
ET from Delamar Valley   0 
Flow out of Delamar Valley to Coyote 
Springs Valley 

-97.6 -12.95 24,900 

 

comparison, D of groundwater for the five wells are within 2‰ of the average D value of 
recharge to the valley and the values only vary by 1.6‰, although these values represent only 
one sample per well so the variability of groundwater isotopic values in these wells over time 
is not known. The O values of these wells varies by 0.52‰ and the most positive value is 
0.43‰ more positive than the average recharge value, but all values fall within the range of 
recharge area spring values. Thus, although some of the groundwater D and O values in 
Cave Valley fall outside the ideal range of recharge values, the isotopic data support local 

SE ROA 46825

JA_14194



21 

recharge from the mountain block recharge areas as the source of water in aquifers of the 
valley. 

Although all available D and O sample values are reported for wells drilled by 
SNWA in Appendix 1, if more than one sample is reported in Appendix 1 only the most 
recent sample is used in the evaluation of groundwater sources and flow paths.  The most 
recent value is used instead of an average value, because a large amount of water from 
outside the valley was used to drill most of the wells and well development was likely not 
sufficient to remove this water in order to obtain representative isotopic values of 
groundwater in the aquifers (Jim Watrus, SNWA Hydrogeologist, oral communication, 
2011). The most recent sample would have been collected after the most water had been 
pumped from the well and this sample would also have allowed time for any flushing of the 
well by water in the aquifer flowing through the well. These wells were drilled as observation 
wells to monitor groundwater levels rather than as potential production wells, so they were 
not extensively developed (Jim Watrus, SNWA Hydrogeologist, oral communication, 2011). 

Lundmark et al. (2007), using a discrete-state compartment (DSC) model with D as 
a calibration parameter, and based on the ability of Cave Valley’s northern geologic 
boundary to allow groundwater flow between valleys (Welch et al., 2007), showed that Cave 
Valley could potentially receive groundwater flow from southern Steptoe Valley (the valley 
directly north of Cave Valley on Plates 1 and 2). However, the isotopic data presented in this 
report shows that little, if any interbasin flow enters Cave Valley from Steptoe Valley 
(Appendix 1 and Plate 2). If some groundwater does flow from southern Steptoe Valley to 
Cave Valley, then there would be water in addition to the local recharge in Cave Valley 
aquifers.  Since the same mountain block recharge areas of Cave Valley extend north to form 
the western and eastern mountain block recharge areas of southernmost Steptoe Valley, 
recharge to these mountain blocks could have a similar isotopic composition as that of 
groundwater recharging Cave Valley. However, the average isotopic composition of 
groundwater recharging southern Steptoe Valley would be similar to groundwater recharging 
northern White River Valley because the two valleys receive recharge from the same part of 
the Egan Range. The average isotopic composition of this recharge is -112.3 and -15.15‰ 
for D and O, respectively (Thomas and Mihevc, 2007). These recharge isotopic values 
are 6.4 and 0.97‰ more negative than recharge to Cave Valley and Cave Valley 
groundwaters are slightly more positive than Cave Valley recharge. Thus, although recharge-
area isotopic data do not preclude recharge to southernmost Steptoe Valley from flowing into 
Cave Valley, the amount of interbasin flow would be very limited based on the isotopic data.  

Groundwater in Dry Lake Valley is derived from local recharge and potentially a 
small volume of flow (up to 2,000 afy) from northeast Pahroc Valley into northwest Dry 
Lake Valley (Burns and Drici, 2011). Recharge to Dry Lake Valley aquifers is received from 
the southern Schell Creek, north Pahroc, Fairview, Bristol, Highland, Chief,  and Burnt 
Springs ranges (Plate 1 and Figure 10; Thomas and Mihevc, 2007; Burns and Drici, 2011). 
The total amount of recharge from the six mountain block recharge areas is 16,300 afy 
(Burns and Drici, 2011) with average D and O values of -98.0 and -12.97‰, 
respectively. These recharge weighted average D and O values are obtained by 
multiplying the average isotopic values for the recharge areas (Table 2) by the amount of 
recharge, adding up these values, and then dividing by the total amount of recharge to the 
valley (Table 4).  
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There are four wells in Dry Lake Valley that have been sampled for isotope analysis 
that can be used to evaluate the sources of groundwater for Dry Lake Valley aquifers. Along 
the northwest boundary of Dry Lake Valley that adjoins Pahroc Valley, the Fugro Dry Lake 
Valley Deep Well (Appendix 1 and Plate 1; site 179) was drilled and extensively developed 
by Fugro (a company that drilled the well for the proposed MX missile program). This well 
contains groundwater with average D and O values of -107.5 and -14.16‰, respectively 
(Appendix 1).  This groundwater contains significantly more negative isotopic values than 
the local recharge to northern Dry Lake Valley from the adjacent southern Schell Creek 
Range (Table 2; -100.9 and -13.17‰). The isotopic values of this groundwater are similar 
(within 2.0‰ D and 0.2‰ O) to that of groundwater flowing out of southwest Cave 
Valley to northeastern Pahroc Valley (-105.9 and -14.18‰). This similarity in D and O 
values supports the hydrogeologic interpretation that groundwater flows from southwestern 
Cave Valley into northeastern Pahroc Valley. The hydrogeologic framework also supports 
groundwater flow from southern White River Valley to northern Pahroc Valley (Burns and 
Drici, 2011), so this could also be a source of groundwater flow from northeastern Pahroc 
Valley to northwestern Dry Lake Valley. However, any contribution of this flow reaching 
northern Dry Lake Valley would be limited because Thomas and Mihevc (2007) calculated 
groundwater flowing out of southern White River Valley would have an isotopic content of   
-113.6 and -15.04‰, which is significantly more negative than water in the Fugro well. The 
Fugro well in Dry Lake Valley (Appendix 1 and Plate 1; site 179) is located near the Dry 
Lake Valley-Pahroc Valley topographic divide (Plate 1), so groundwater in this area may 
continue to flow to the southwest into northeast Pahroc Valley or some (up to 2,000 afy) may 
flow southeast into central Dry Lake Valley.  

Two wells located in central Dry Lake Valley, one on the east side of the valley 
(Vidler well PW-1; Appendix 1 and Plate 1; site 636) and one on the west side of the valley 
(SNWA well 181M-1; Appendix 1 and Plate 1; site 603) contain groundwater with D and 

O values of -101 and -13.4‰ and -105.0 and -13.62‰, respectively. The hydrogeology 

indicates that these wells should receive most of their water from the southern Schell Creek, 
Fairview, Bristol, and Highland ranges (Burns and Drici, 2011). The recharge weighted 
average D and O values for these four mountain block recharge areas is -99.4 and            
-13.15‰, respectively (Table 4). The isotopic values of water in the Vidler PW-1 well are 
very similar to the recharge values (1.6 and 0.25‰ different in D and O, respectively), so 
the isotopic data support the source of this water being local recharge. In contrast, the 
isotopic data for the SNWA well does not support local recharge as the main source of this 
water because the values are 5.4 and 0.47‰ more negative than the local recharge water. 
Local recharge to the adjacent northern Pahroc Range is even more positive than for the four 
northern recharge areas (Table 4), so this is not the source of the majority of water in this 
well either. This water may represent interbasin flow in the carbonate-rock aquifer. The D 
value of this groundwater is only 0.9‰ more positive than groundwater inflow from 
northeast Pahroc Valley, but the O value is 0.56‰ more positive so only the D value 
would support this groundwater being interbasin flow.  Because this well is a new SNWA 
well that has not been extensively developed (Jim Watrus, SNWA Hydrogeologist, oral 
communication, 2011), the water in this well may contain mostly water used in drilling the 
well rather than primarily native groundwater in the aquifer. 
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SNWA well 181W909M and well SK-18 (Appendix 1 and Plate 1; sites 604 and 134) 
are located in the southern part of Dry Lake Valley, so their isotopic data can be used to 
evaluate the source(s) and flow paths of water in this part of the valley. The D and O 
values for SNWA well 181W909M are -104.6 and -13.50‰, respectively. These values are 
significantly less than average recharge values for Dry Lake Valley (Table 4), so this sample 
may represent interbasin flow in the carbonate-rock aquifer (1.3 and 0.68‰ more positive in 
D and O, respectively, as compared to inflow from northeastern Pahroc Valley). The 
groundwater in this well has similar isotopic values of that of SNWA well 181M-1, so like 
groundwater in well 181M-1 the D value would support interbasin flow, but the O value 
does not. This well also has not been extensively developed so the water in this well likely 
contains mostly water used in drilling the well rather than primarily native groundwater in 
the aquifer. Water in well SK-18 has a D value of -95‰ (Kirk and Campana, 1990). 
Unfortunately, this sample does not have a O value, so it cannot be determined if 
groundwater in this well is significantly evaporated.  If this groundwater has not undergone 
significant evaporation, then it is similar to the D value of the average recharge to the valley 
and almost the same as recharge to the Chief, Burnt Springs and North Pahroc ranges in the 
southern part of the valley (Table 4). Thus, this sample indicates that local recharge to Dry 
Lake Valley is the primary source of groundwater in this part of the valley. 

The hydrogeology of the DDC area indicates that groundwater in Delamar Valley is 
derived from interbasin flow from Dry Lake Valley and local recharge (Thomas and Mihevc, 
2007; Burns and Drici, 2011). There are two wells with isotopic data that are available to 
evaluate groundwater sources and flow paths in Delamar Valley. These wells are SNWA 
well 182M1 (Appendix 1 and Plate 1; site 606) with D and O values of -109.6 and           
-14.07‰, respectively, and SNWA well 182W906M (Appendix 1 and Plate 1; site 607) with 
D and O values of -100.7 and -13.40‰, respectively.  The water in well 182W906M is 
isotopically similar to the mixture of inflow from Dry Lake Valley with local recharge to 
Delamar Valley, but it is 3.1 and 0.45‰ more negative in D and O, respectively (Table 
4), than the mixture of water in Delamar Valley. Thus, the isotopic data of groundwater in 
this well supports a mixture of local recharge and interbasin flow from Dry Lake Valley as 
the main source of water in this well. The slightly more negative isotope values may indicate 
more interbasin flow than local recharge reaches this well as presented in Table 4, or more 
likely that water used to drill the well has not been completely removed from the aquifer. The 
water in well 182M1 is likely almost all water used in drilling the well, since the isotopic 
data is similar to the isotopic values of the water used in drilling this well (Pahranagat Valley 
water) and the well has undergone little development because it is a low yielding well drilled 
for water level observation rather than water production (Jim Watrus, SNWA 
Hydrogeologist, oral communication, 2011). 

In summary, D and O data show that groundwater in the DDC area is supplied by 
local recharge from the mountain block recharge areas of the valleys. There is little, if any, 
interbasin flow from Steptoe Valley to the north into the most upgradient of these three 
valleys, Cave Valley. Groundwater in Cave Valley is derived from local recharge to the 
valley. Groundwater flows out of Cave Valley into southeastern White River Valley and 
northeastern Pahroc Valley. All of the groundwater in Dry Lake Valley is derived from local 
recharge to the valley, except for the potential of up to 2,000 afy of inflow to northwest Dry 
Lake Valley from northeast Pahroc Valley. All groundwater in Dry Lake Valley flows down 
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gradient to the south to Delamar Valley. Delamar Valley aquifers also receive groundwater 
recharge from mountain block recharge areas in the valley that mixes with the groundwater 
flowing into the valley from Dry Lake Valley.  All groundwater in the valley flows south out 
of southern Delamar Valley to northern Coyote Springs Valley. Although, some groundwater 
may flow southwest out of Delamar Valley along the Pahranagat Valley Shear Zone into the 
very southern part of Pahranagat Valley before flowing into northern Coyote Springs Valley 
(Burns and Drici, 2011). Potential groundwater flow from the DDC area to adjacent valleys 
is described in more detail in following sections of this report. 

Potential Groundwater Flow from the DDC Area to White River Valley 
The WRFS (Figure 1) was originally described by Eakin (1966). Eakin postulated 

that some of the water discharging from the Muddy River Springs area in Upper Moapa 
Valley originated more than 200 miles north of the spring area and that this regional 
interbasin flow system included 13 valleys. Eakin reached these conclusions on the basis of 
―preliminary appraisals of the distribution and quantities of the estimated groundwater 
recharge and discharge within the region, the uniformity of discharge of the principal springs, 
the compatibility of the potential hydraulic gradient with regional groundwater movement, 
the relative hydrologic properties of the major rock groups in the region, and to a limited 
extent, the chemical character of water issuing from the principal springs.‖ The main 
conclusions of his study were: (1) Paleozoic carbonate rocks form the regional aquifer of the 
WRFS, (2) recharge and discharge estimates balance within the flow system, and (3) the 
principal discharging springs (warm springs in this report) have a uniform discharge rate, 
indicating a regional rather than local water source. 

As noted earlier in this report, based on structural and geologic controls, groundwater 
in northwestern Cave Valley flows southwest into southeastern White River Valley (Burns 
and Drici, 2011; Rowley and Dixon, 2011). In southeastern White River Valley, three 
springs—Emigrant (site 207), Butterfield (site 202), and Flag #3 (site 201)—are located along 
the range-bounding fault on the east side of the valley (Plate 1). Flag Spring #3 has a water 
temperature of 22.8oC; but because of its location, and similar isotopic and water chemistry 
content to that of Emigrant and Butterfield springs (Appendix 1); it is included with the other two 
cool springs along the range- bounding fault in our analysis. These three springs have isotopic 
values that range from -107.8 to -105.0‰ for D and -14.50 to -14.20‰ for O. These values 
are similar to the average isotopic composition of recharge to the southern Egan Range in 
southern White River Valley and western Cave Valley, D and O of -106.9 and -14.15‰, 
respectively (Table 4; Appendix 1; Thomas and Mihevc, 2007). Thus, the southern Egan Range 
is the most likely source of water supplying these springs (Plates 1 and 2; Figure 10). This 
includes recharge from the Egan Range to northwestern Cave Valley which could flow into 
southeastern White River Valley along the Shingle Pass fault system. Thus, outflow from 
northwestern Cave Valley could supply some of the flow observed at Emigrant, Butterfield 
and Flag #3 springs in southeastern White River Valley. 

Two warm springs in southern White River Valley, Hot Creek Spring (site 197) and 
Moon River Spring (site 192) (Appendix 1; Plates 1 and 2), could potentially contain 
groundwater from Cave Valley since there is outflow from northwestern Cave Valley to 
southeastern White River Valley. The isotopic composition of these two warm springs ranges 
from -120.0 to -118.9‰ for D and -15.80 to -15.69‰ for O. Since the average isotopic 
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composition of northwestern Cave Valley groundwater outflow (recharge to the southern 
Egan Range) is -106.9‰ for D and -14.15‰ for O, little, if any, Cave Valley 
groundwater could be supplying flow to these two warm springs. Additionally, local recharge 
to southern White River Valley from the southern Egan and Grant Ranges has average D 
values ranging from -106.9 to -106.5‰ and O values ranging from -14.23 to -14.15‰ 
(Thomas and Mihevc, 2007), so this also is not a source of water for the regional warm 
springs. Thus, the source of the southern White River Valley warm springs is groundwater 
from the north of this area that has more negative isotopic values (Thomas and Mihevc, 
2007; Appendix 1 and Plate 2 this report). 

Potential Groundwater Flow from the DDC Area to Pahranagat Valley 
The regional warm springs in Pahranagat Valley discharge interbasin flow from 

several valleys. Pahroc Valley is the valley directly upgradient from Pahranagat Valley and it 
receives inflow from Cave, White River (which receives inflow from Jakes, Long, and 
southern Butte valleys), and Coal (which receives inflow from Garden Valley) valleys 
(Figure 1; Thomas and Mihevc, 2007). Thus, some of the groundwater discharging from 
Hiko (site 122), Crystal (site 116), Ash (site 110), and Little Ash (site 111) warm springs in 
Pahranagat Valley (Plate 1) likely originates in Cave Valley. Groundwater flow from 
northwestern Cave Valley to southeastern White River Valley is discharged by cool springs 
along the range-bounding fault of the Egan Range and is lost by evapotranspiration in the 
valley, so little, if any, of this groundwater would flow into Pahranagat Valley. Groundwater 
flow from southwestern Cave Valley that enters northeastern Pahroc Valley likely becomes 
part of the mixture of regional groundwater flow in the WRFS that contributes to 
groundwater inflow into Pahranagat Valley. Part of the groundwater inflow to Pahranagat 
Valley discharges from Pahranagat Valley warm springs, although the sources and flow paths 
of groundwater supplying the Pahranagat Valley warm springs are not well understood 
(Thomas and Mihevc, 2007). Groundwater flowing out of southwest Cave Valley has D and 

O values of -105.9 and -14.18‰, respectively (Table 4). These values fall within the range 

of D values -112.0 to -105.0‰ and O values -15.30 to -13.80‰ for the Pahranagat 
Valley warm springs and are similar to the average values of -108.5 and -14.27‰ for these 
springs (Table 3). Thus, the isotopic data indicate that some of the groundwater flowing out 
of southwestern Cave Valley likely contributes to Pahranagat Valley warm spring discharge. 
Some groundwater originating in Cave Valley likely flows south past the Pahranagat Valley 
warm springs as part of the mixture of regional groundwater flow in the WRFS. 

RECHARGE TIMING AND GROUNDWATER TRAVEL TIMES  
Understanding the timing of recharge to springs in the mountain block recharge areas 

and the time it takes groundwater to flow (travel time) from recharge areas to valleys and 
between valleys (interbasin flow) is important for determining if D and O data in the 
WRFS represent current climatic conditions or past cooler and wetter climatic conditions. If 
groundwater discharging from regional warm springs contains a significant amount of 
groundwater recharged during a past cooler climate then the D and O data used for 
determining sources and flow paths would need to be adjusted to account for more negative 
recharge isotopic values during this time. 
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Recharge Timing Based on Stable Isotope and Tritium Data 

D and O data for regional groundwater flow systems can be used to evaluate 
recharge timing irrespective of whether a regional flow system is responding to current 
climatic conditions or past climatic conditions. If recharge and discharge rates and flow 
directions are known for a regional groundwater flow system, then D and O data can be 
used to evaluate if a flow system contains a significant amount of groundwater flowing 
through it that was recharged during a past (i.e., different) climatic condition. For the WRFS, 
the most recent past climatic condition that would have significantly different D and O 
recharge values than present day conditions would be the cooler and wetter last glacial 
period, which ended about 12,000 to 16,000 years ago in southern Nevada. If the four main 
regional warm spring areas of the WRFS were discharging a significant amount of water 
from the last glacial period, then the isotopic composition of the springs would be at a 
minimum 10 and 1.2‰ more negative in D and O composition, respectively, than present 
day recharge (Winograd et al., 1992; 2006), and could be as much as 16 and 2.0‰ more 
negative (Benson and Klieforth, 1989). Thus, if any significant portion of groundwater in the 
WRFS was recharged during the last glacial period, regional warm springs would be 10 to 
20‰ more negative in D and 1.0 to 2.0‰ more negative in Othan present day values. 

D and O groundwater data for the WRFS combined with recharge and ET 
estimates (Thomas and Mihevc, 2007; Burns and Drici, 2011) show that the WRFS is 
responding to current climate conditions and not a past wetter and cooler climate. This is 
supported by the fact that if warm springs in the WRFS were discharging a significant 
amount of groundwater recharged under a cooler and wetter climate than the current climate, 
the isotopic values of the regional spring discharge would be significantly more negative than 
is currently measured. These regional warm springs are supported by interbasin flow that has 
groundwater with isotopically more negative values than the local recharge (Thomas and 
Mihevc, 2007). Thus, regional warm springs would have significantly more negative values 
than is measured today. Even during wetter climatic periods, there would not be sufficient 
local recharge to Pahranagat and Upper Moapa valleys to supply the warm spring discharge 
in these valleys, so interbasin flow would be needed to maintain even current flow conditions 
at these regional spring discharge areas, much less the increased flow expected for a cooler 
and wetter climate. 

Tritium can be used to determine if recharge area springs are representative of present 
day climate conditions and also if present day recharge is entering valley aquifers. 
Groundwater that contains measureable tritium indicates that the water is less than about 60 
years old and thus would represent present day climatic conditions. Tritium may also indicate 
mixing of young (< 60 year old) groundwater with older groundwater.  Tritium data for 
groundwater in the WRFS shows that springs in mountain block recharge areas are 
discharging groundwater that was recharged within the last 60 years, because they contain 
measurable tritium (Thomas et al. 1996; Hershey et al., 2007). Lund, Butterfield, and 
Emigrant springs on the valley floor along the eastern side of White River Valley and Cave 
Spring in Cave Valley contain 1.2 to 17.4 tritium units (TU) of tritium (Table 5; Hershey et 
al., 2007), indicating that mountain block recharge that is < 60 years old is entering the valley 
aquifers. In contrast, none of the regional warm springs has tritium above 1.0 tritium units, 
indicating that all of the water discharging from regional warm springs was recharged before 
the early 1950s (Table 5). 
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Table 5. Tritium and carbon isotope data (when more than one sample is used to obtain a value, the 
number of samples is shown in parentheses and the reported value is an average value for 
all the samples and for the warm springs is weighted by the flow rates) and saturation 
indices for calcite, dolomite, and gypsum calculated in NETPATH. Mineral saturation 
indices (SI) values are negative for under saturation (mineral will dissolve) and positive 
for over saturation (mineral will precipitate from the water). 

Site  Name 
 

Tritium 
(TU) 

Carbon-13 
(permil) 

Carbon-14 
(pmc) 

Calcite 
(SI) 

Dolomite 
(SI) 

Gypsum 
(SI) 

Recharge Groundwaters 
Lund Spring 1.9 -8.1 41.6 0.14 0.16 -2.62 
Emigrant Spring 17.4 -9.2 55.7 -0.14 -0.45 -2.46 
Butterfield Spring 1.2 -8.5 30.3 -0.18 -0.46 -2.81 
Ave spring recharge 6.8 (3) -8.60 (3) 42.5 (3) -0.06 -0.24 -2.61 

Northern White River Valley Warm Springs 
Preston Big Spring <1 -5.7 11.2 -0.08 -0.19 -2.18 
Nichols Spring NA -5.7 6.5 0.13 -0.23 -2.17 
Preston Cold Spring NA -5.6 2.2 -0.11 -0.22 -2.20 
Ave N. WRV warm Springs <1 (1) -5.69 (3) 9.2 (3) 0.00 -0.02 -2.18 

Southern White River Valley Warm Springs 
Hot Creek Spring <1 -4.26 (2) 5.0 (2) 0.02 0.03 -2.03 
Moon River Spring  NA -5.0 6.4 0.18 0.38 -2.06 
Ave S. WRV warm springs <1 (1) -4.42 (2) 5.3 (2) 0.01 0.01 2.03 

Pahranagat Valley Warm Springs 
Hiko Spring <1 -6.45 (2) 6.1 (2) 0.23 0.52 -2.18 
Crystal Spring <1 -6.57 (4) 7.3 (3) 0.01 0.09 -2.24 
Ash Spring <1 -6.70 (2) 6.3 (3) 0.04 -0.10 -2.24 
Ave Pahranagat V warm 
springs 

<1 (3) -6.61 (3) 6.6 (3) -0.02 0.01 -2.23 

Upper Moapa Valley Warm Springs 
Big Muddy Spring  -5.90 (2) 8.2 (2) 0.00 0.03 -1.47 

 

Carbon-14 Corrected Groundwater Ages and Travel Times 
Cave, Dry Lake, and Delamar valleys are located within the larger WRFS and 

contribute to the overall groundwater resources of the WRFS. Understanding the time it takes 
groundwater to flow from recharge areas to valleys and between valleys (interbasin flow) 
within the WRFS is important for managing these groundwater resources. To estimate the 
time it takes groundwater to flow through aquifers in the WRFS, groundwater ages corrected 
for geochemical reactions and physical processes were determined by geochemical modeling 
using major ion chemistry and carbon-13 and carbon-14 isotopic data. The computer model 
NETPATH (Plummer et al., 1994; El-Kadi et al., 2010) was used to calculate carbon-14 
corrected groundwater ages. Determining groundwater travel times in a regional flow system 
like the WRFS is complicated because every valley in the WRFS has local groundwater 
recharge that mixes with interbasin flow as groundwater flows from north to south down the 
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WRFS. Thus, groundwater travel times represent a central tendency of the actual recharge 
time for each recharge event. To evaluate groundwater travel times in the WRFS, carbon-14 
corrected groundwater ages were determined for the four main warm spring discharge areas 
of the WRFS (see Thomas et al., 1996 and Hershey et al. 2007, for a detailed description of 
how carbon-14 corrected ages are calculated). Calculating carbon-14 corrected ages for 
regional warm springs is an effective way to evaluate groundwater travel times because these 
warm springs represent a mixture of up-gradient groundwaters that have traveled both a long 
distance -- generally tens of miles -- and to great depth -- generally thousands of feet -- 
before being discharged from the spring. 

Groundwater carbon-14 data, reported as percent modern carbon (pmc), needs to be 
corrected for geochemical reactions and physical processes involving carbon in order to 
determine a realistic groundwater age. Some laboratories report carbon-14 ages for carbon-14 
groundwater values, but these ages should never be used as groundwater ages because they 
do not account for reactions and processes that affect carbon-14 concentrations in the 
groundwater. For example, warm springs discharging from regional carbonate-rock aquifers 
in Ash Meadows in southern Nevada contain only 2 to 4 pmc carbon-14 (with one spring 
reaching 11 pmc), but these groundwaters are at most several thousand years old and could 
be as young as 1,000 years old (Winograd et al. 1992; 2006; Thomas et al., 1996). Thus, low 
carbon-14 values (< 15 pmc) in regional warm spring waters of the WRFS, which could 
indicate that these waters are more than 20,000 years old (Table 5; Thomas et al., 1996; 
Hershey et al., 2007), need to be corrected for geochemical reactions and physical processes 
in order to obtain realistic groundwater ages.  

To obtain realistic groundwater ages using carbon isotope data (carbon-14 corrected 
ages), the dissolution of calcite and dolomite that comprise the carbonate-rock aquifers, 
dissolution or outgassing of CO2, and adsorption and diffusion processes that remove carbon-
14 from groundwater must be considered. Dissolution of calcite and dolomite add carbon to 
the water that contains no carbon-14. CO2 may outgas or dissolve depending on the 
conditions near the spring area, but once water passing through the unsaturated zone (water 
will react with CO2 gas in the unsaturated zone) reaches the saturated zone (i.e., the water 
table of an aquifer) there should be no additional dissolution or outgassing of CO2 along a 
flow path, until the groundwater is discharged at the spring where some CO2 may exsolve 
(degas from the water). Adsorption and diffusion processes can remove carbon-14 from 
groundwater (Hershey and Howcroft, 1998; Hershey et al., 2003; 2007). These reactions and 
processes involving phases that contain carbon (and carbon-13 and carbon-14 isotopes), need 
to be accounted for to obtain carbon-14 corrected groundwater ages. Regional warm springs 
in the WRFS are a mixture of flow that is contributed all along the regional flow system from 
many different recharge areas and valleys, so the age of water discharging from warm 
springs is an average age. Thus, a small percent of the water discharging from regional warm 
springs could have been recharged during the last glacial (or similar) period when the climate 
was cooler and wetter. However, the D and O data; recharge and discharge estimates; 
and interbasin flow supported by the hydrogeologic framework for the WRFS do not support 
any significant amount of recharge from a cooler and wetter climate (this report; and Thomas 
et al., 1996, 2001; Thomas and Mihevc, 2007; Hershey et al., 2007). 

Carbon-14 and carbon-13 isotopes of inorganic carbon dissolved in groundwater can 
be used to estimate groundwater ages by using geochemical models that account for all 
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reactions and processes involving carbon from a recharge area to a sample location along a 
flow path. The change in isotopic composition between phases, such as differences in 
carbon-13 and carbon-14 values between carbon dissolved in water and calcite precipitated 
from water, is called isotopic fractionation. Groundwater ages calculated using geochemical 
models that account for changes in water chemistry and isotopic fractionations along a flow 
path, and from mixing of waters with different chemistries, are called carbon-14 corrected 
ages. These model calculated ages are called carbon-14 corrected ages because they account 
for the addition or removal of carbon (and carbon-14) to the groundwater and the changes 
(fractionations) of the isotope values as they change from one phase to another. Geochemical 
models that calculate carbon-14 corrected groundwater ages are only valid if the modeled 
carbon-13 value matches the carbon-13 value measured in the groundwater sample at the end 
of the flow path. Carbon-14 is radioactive and naturally decays over time, whereas carbon-13 
is stable and does not decay (change) over time. The only way that a carbon-13 concentration 
can change is by mixing two, or more, waters with different carbon-13 values or by 
geochemical reactions that add or remove carbon to or from the water. Carbon-13 will 
fractionate as it reacts and moves from one phase to another; for example carbon dissolved in 
water can precipitate as calcite, and this can easily and accurately be accounted for if the pH, 
temperature and dissolved carbon content of the water sample is known (Deines et al., 1974; 
Wigley et al., 1978; Mook, 1980; Plummer et al., 1983; 1994). 

Carbon-14 corrected groundwater ages and travel times have been previously 
calculated by Thomas et al. (1996) and Hershey et al. (2007) for groundwater discharging 
from regional warm springs in the WRFS. Thomas et al. (1996) and Hershey et al. (2007) 
used the same approach as was used in this report for calculating groundwater ages. 
Groundwater ages calculated for regional warm springs in Pahranagat and Upper Moapa 
valleys ranged from 4,800 to 8,500 years (Thomas et al., 1996; Table 18 model 3 and Figure 
26). Groundwater travel time from the warm springs in northern White River Valley to the 
warm springs in southern White River Valley, based on groundwater ages calculated for a 
mixture of water containing 40 to 60 percent recharge water (with modern carbon-14 values 
of about 100 pmc) with northern White River Valley warm spring water, produced an 
average groundwater travel time for this mixture of water of 12,000 to 16,000 years (Hershey 
et al., 2007). 

The NETPATH models used in this study are based on the same assumptions as those 
used by Thomas et al. (1996) and Hershey et al. (2007). The only difference in the 
NETPATH models used in this study, besides any new data that would be included in Table 
3 and Appendix 1, is a simpler model using only calcite, dolomite, CO2 gas, and gypsum. 
This simpler model was used because the goal of this study was to determine the carbon-14 
corrected groundwater age and not to explain all major ion chemistry changes in the water 
along flow paths of the WRFS. Gypsum was included in this simple carbon model to account 
for calcium added to the water by gypsum dissolution, which can result in more calcite 
precipitation and dolomite dissolution. This process of gypsum dissolution producing more 
calcite precipitation and dolomite dissolution is called dedolomitization (Back et al., 1983). 
The water chemistry data used for NETPATH modeling is the average water chemistry for a 
site using the data presented in Appendix 1. The carbon isotope data used for the NETPATH 
modeling is presented in Table 5 and is from USGS, DRI, and SNWA sample collection and 
analysis at USGS, DRI, and the University of Arizona isotope laboratories.  
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Carbon-14 age dating model results are presented in Table 6. Columns two through 
five in the table present the mass transfer of calcite, dolomite, gypsum, and CO2 gas needed 
to produce the water chemistry for the regional warm springs from an initial carbonate 
recharge water (see next paragraph for a description of this water). Minerals that are under 
saturated in the water [negative saturation indices (SI) values in Table 5] should dissolve, and 
those that are saturated (positive SI values) should precipitate from the water. The 
NETPATH model results in Table 6 are supported by the SI values in Table 5. Similar to the 
modeling approach used by Thomas et al. (1996) and Hershey et al. (2007), if carbon is 
added to the water along a flow path (a positive CO2 mass transfer value > 0.30 millimoles 
per liter) this amount of carbon was added to the recharge water. The reason this CO2 carbon 
is added to the recharge water is because once the water becomes isolated from the 
unsaturated zone, there should be little, or no, interaction with unsaturated zone CO2 gas, and 
a previous study has shown that there is likely CO2 outgassing in some of the recharge spring 
areas (Thomas et al., 1996). Column six in Table 6 shows the amount of calcite that is 
exchanged between the water and the aquifer (calcite dissolved and precipitated due to 
temperature and pressure changes as groundwater flows through the regional aquifers) to 
obtain modeled carbon-13 values that match measured values. 

 
Table 6.  NETPATH model results showing the mass transfer of calcite, dolomite, gypsum, and 

CO2 gas in millimoles per liter (positive values indicate that the phase is entering the 
water and negative values indicate that the phase is being removed from the water). The 
carbon-14 corrected age is the age calculated after correcting for all carbon entering or 
leaving the water along the flow path and the fractionations associated with these 
reactions. All flow paths use the recharge waters listed in Table 3 as the initial water 
chemistry for a flow path. The final water along the flow path is listed in this table. A 
carbon-14 corrected age that is modern is less than about 1,000 years old. 

Final Flow Path 
Site 

Calcite 
(mmoles/L) 

Dolomite 
(mmoles/L) 

Gypsum 
(mmoles/L) 

CO2 
(mmoles/L) 

Calcite 
cycled 

(mmoles/L) 

Corrected 
Carbon-14 

age 
(years) 

Northern White 
River Warm 
Springs 

-0.51 -0.14 0.29 -1.15 1.3 10,000 

Southern White 
River Warm 
Springs 

-0.27 -0.05 0.36 0.24 >10 modern 

Pahranagat Valley 
Warm Springs 

-0.41 -0.12 0.24 0.20 4.2 8,700 

Big Muddy Warm 
Spring 

-1.82 0.16 1.85 0.00a 6.5 3,300 

a—The original NETPATH model for Big Muddy Warm Spring had 1.25 mmoles/L of CO2 being added to the 
water along the flow path. So in following the Thomas et al. (1996) and Hershey et al. (2007) modeling 
approach, this amount of CO2 was added to the recharge waters so that the amount of CO2 mass transfer along 
the flow path is 0.00 mmoles/L. 
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All of the NETPATH models assume that the water chemistry and isotope values of 
Lund, Emigrant, and Butterfield springs (Table 5), which are located along the eastern side of 
White River Valley, are representative of present day recharge to carbonate aquifers of the 
WRFS. These springs were chosen to represent groundwater recharging the carbonate rock 
aquifers of the WRFS because: 1)  they occur along the eastern range-bounding fault of 
White River Valley so they represent recharge from the carbonate rock-dominated Egan 
Range that flows from the mountain block into the carbonate rock aquifers of the WRFS; 2) 
all three springs contain measureable tritium (Table 5), indicating that these groundwaters 
have been recharged since the 1950s; 3) they have carbon-14 and carbon-13 values in the 
ranges expected for recharging groundwaters that have been isolated from atmospheric CO2 
gas, and dissolved calcite and dolomite; 4) they have D and 18O values that represent local 
recharge to the adjacent Egan Range; and 5) groundwater flow from these springs, at least for 
Lund Spring, is highly variable indicating that they respond to local recharge from the 
adjacent mountains. 

The carbon-14 corrected groundwater ages range from modern (< 1,000 years old) to 
10,000 years old. These ages represent the average age of groundwater discharging from the 
regional warm springs. The discharge-weighted average carbon-14 values of the four 
regional warm springs in the WRFS range only from 5.3 to 9.2 pmc, but carbon-13 values 
range from -6.61 to -4.42 permil. This range in carbon-13 values for groundwaters that have 
similar chemistries results in this about 10,000 year range of groundwater ages. Of note, it is 
the more positive carbon-13 values of the southern White River Valley warm spring waters 
(Table 5), as compared to the other warm spring area groundwaters, which result in this 
warm spring area having a carbon-14 corrected age that is modern.  It is important to 
consider that these carbon-14 corrected groundwater ages likely overestimate the age of the 
groundwater flowing from the regional warm springs because they do not account for 
diffusion processes which have been shown to be important in carbonate rock aquifers in 
southern Nevada (Hershey and Howcroft, 1998; Hershey et al., 2003; 2007). Correcting the 
model ages for diffusion processes is beyond the scope of this report. 

 If groundwater flowed from northern White River Valley warm springs to Big 
Muddy Springs in Upper Moapa Valley without any recharge being added along this flow 
path then the difference in groundwater ages of these springs could be used to determine 
groundwater travel times in the WRFS. However, local recharge water within each basin 
mixes with interbasin flow between warm spring discharge areas. This is observed by water 
balance studies and supported by the fact that D and 18O values become more positive in 
WRFS warm springs as groundwater flows from north to south down the WRFS (Thomas 
and Mihevc, 2007). Thus, carbon-14 corrected groundwater ages represent the mixture of 
recharge and interbasin flow groundwater at a regional warm spring and provide a range for 
the time that it takes groundwater to flow from recharge areas to regional warm springs and 
for interbasin flow from one warm spring area to another within the WRFS. 

SUMMARY AND CONCLUSIONS 
Deuterium and oxygen-18 data were used to evaluate groundwater sources and flow 

paths in the DDC area. In order to use D and O data for groundwater source and flow 
path evaluations they need to; (1) show a range throughout the study area so that different 
recharge areas have different isotopic signatures; (2) have little variability within a recharge 
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area; and (3) the isotopic signature in recharge areas has to be similar to the signature of the 
past. Temporal and spatial isotopic variability were evaluated in this study. 

Temporal isotopic variability of four recharge area monitoring springs within the 
WRFS was relatively small with standard deviations of D and O data ranging from 0.7 to 
1.1‰ and 0.07 to 0.11‰ (except for one site with a value of 0.33‰), respectively. The range 
in standard deviation for the four sites is for samples taken quarterly throughout all four 
seasons; and with one site having 7 years of data and two of the three sites having 6 years of 
data. The isotopic composition of these springs varied little from season to season even 
though spring flow ranged from about 100 to 5,000 gallons per minute. This lack of temporal 
isotopic variability of recharge area springs is important because recharge area springs are 
used to determine the sources of groundwater in the DDC area. 

Temporal isotopic variability of 10 regional warm springs in the WRFS is relatively 
small with the standard deviation of D and O data ranging from 0.5 to 1.9‰ and 0.05 to 
0.21‰ (except for one site with a standard deviation of 0.67‰), respectively. This range in 
values is for samples taken throughout all four seasons, with some regional warm spring data 
extending over 40 years and a significant number of springs having data that spans 20 to 25 
years. This lack of temporal isotopic variability of regional warm springs is important for 
evaluating potential groundwater flow from the DDC area to the Hot Creek Spring area in 
southern White River Valley and regional warm springs in Pahranagat Valley. 

Spatial isotopic variability within the mountain block recharge areas of the DDC area 
shows that the spatial variability is greater than the temporal variability. The range in 
standard deviation of spring isotopic values for nine mountain block recharge areas is 1.8 to 
4.2‰ for D and 0.35 to 0.70‰ for O. 

The relationship of stable isotopes with altitude was evaluated for four major recharge 
areas in the study area with 14, or more, springs. These four recharge areas include the White 
Pine and Central Egan ranges in the northern part of the study area, the Fairview and Bristol 
ranges in the central part of the study area, and the Delamar Mountains in the southern part of 
the study area. There is only very weak relationships of D with altitude in three of the four 
recharge areas (R2 values of 0.066, 0.018, and 0.026), and the strongest correlation (0.066) 
was for an increase in isotopic values with increasing altitude (the opposite relationship is 
expected, that is more negative D values with increasing altitude). The southernmost and 
lowest altitude recharge area, the Delamar Range, showed a correlation of more negative D 
with increasing altitude with an R2 value of 0.366.  This lack of a relationship between 
isotopic values and altitude in recharge areas, for most of the recharge areas, is important 
because the average isotopic composition of all sites in a recharge area can be used to 
determine the isotopic signature for a recharge area. 

The average D and O values for recharge areas, weighted by the amount of 
recharge for each individual mountain block, were calculated to determine the average 
isotopic values of local recharge to a valley. These average values were compared with 
valley groundwater values to evaluate sources and flow paths of groundwater in the DDC 
area and to adjacent valleys. D and O data show that groundwater in the DDC area is 
supplied by local recharge from the mountain block recharge areas of the valleys. There is 
little, if any, interbasin flow into the most upgradient of these three valleys, Cave Valley. 
Groundwater flows out of Cave Valley into southeastern White River Valley and 
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northeastern Pahroc Valley. Potentially a small amount (up to 2,000 acre-feet per year) of 
groundwater may flow into northwest Dry Lake Valley from northeast Pahroc Valley. All of 
the groundwater in Dry Lake Valley is derived from local recharge to the valley, except for 
the potential of up to 2,000 afy of inflow to northwest Dry Lake Valley. There is no 
groundwater ET in Dry Lake Valley (Burns and Drici, 2011), so all groundwater in Dry Lake 
Valley flows down gradient to the south to Delamar Valley. Delamar Valley aquifers also 
receive groundwater recharge from mountain block recharge areas in the valley that mixes 
with the groundwater flowing into the valley from Dry Lake Valley.  There is no 
groundwater ET in Delamar Valley (Burns and Drici, 2011), so all groundwater in the valley 
flows south out of southern Delamar Valley to northern Coyote Springs Valley. Although, 
some groundwater may flow southwest out of Delamar Valley along the Pahranagat Valley 
Shear Zone into the very southern part of Pahranagat Valley before flowing into northern 
Coyote Springs Valley. 

Isotopic data show that groundwater originating in the DDC area supplies little, if 
any, water to the warm springs in southern White River Valley. These data also show that 
groundwater discharging from warm springs in Pahranagat Valley are a mixture of waters 
recharged in numerous valleys north of Pahranagat Valley, which likely includes Cave 
Valley. 

Deuterium and oxygen-18 data, tritium data, and carbon-14 corrected groundwater 
ages, show that groundwater in the White River Flow System, which includes Delamar, Dry 
Lake, and Cave valleys, is recharged under current climatic conditions. Carbon-14 corrected 
groundwater ages also show that it can take thousands of years for groundwater from 
mountainous recharge areas to flow through numerous basins and discharge in warm spring 
areas throughout the WRFS. Carbon-14 corrected groundwater ages of the four regional 
warm spring areas in the White River Flow system range from modern (<1,000 years) to 
10,000 years. None of the regional warm springs has tritium above 1.0 tritium units, 
indicating that all of the water discharging from regional warm springs was recharged before 
the early 1950s. 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA. 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

Abandoned Spring 37.49914 -114.72889 10.2 7.7 7.80 -12.32 -94.5 81.00 20.00 50.00 2.26 35.20 357.00 41.80 27.80 -- 59699 -- Spring 266 03/26/04 
                      
Acoma Well 37.54861 -114.17306 17.0 -- 7.70 -12.60 -95.0 38.00 5.30 21.00 7.00 17.00 149.00 10.00 54.00 0.3 244 GS91 Well 118 06/03/85 
                      
Adaven Spring 38.13861 -115.60139 12.5 6.9 7.54 -13.95 -103.0 63.00 25.00 14.00 2.20 4.80 324.00 18.00 28.00 0.2 341 GS131 Spring 177 07/31/85 
Adaven Spring 38.13861 -115.60139 9.9  7.10 -14.07 -107.6 -- -- -- -- -- 358.00 -- -- -- 340 IT115 Spring 177 02/03/97 
                      
Alamo City Well #7 37.36222 -115.16833 18.5 -- 7.57 -13.46 -101.1 61.42 56.00 96.30 13.73 54.60 454.00 188.00 59.13 1.3 205 IT116 Well 104 08/08/95 
                      
Albert Spring 38.56833 -115.36167 14.5 -- -- -13.95 -107.0 -- -- -- -- -- -- -- -- -- 403 GS182 Spring 204 07/24/85 
                      
APCAR 36.71099 -114.71682 -- -- -- -12.94 -98.2 62.90 27.20 95.00 11.20 62.10 257.00 176.00 31.60 -- 61616 -- Spring 292 10/19/04 
                      
Arrow Canyon 36.73421 -114.74778 -- -- -- -12.91 -99.4 -- -- -- -- -- -- -- -- -- SNWA -- Well 619 02/01/06 
                      
Ash Springs 37.46361 -115.19250 -- -- -- -- -107.0 -- -- -- -- -- -- -- -- -- 222 IT27 Spring 110 08/01/68 
Ash Springs 37.46361 -115.19250 -- -- -- -- -109.0 -- -- -- -- -- -- -- -- -- 223 IT28 Spring 110 01/01/69 
Ash Springs 37.46361 -115.19250 -- -- -- -- -112.0 -- -- -- -- -- -- -- -- -- 224 IT29 Spring 110 03/01/70 
Ash Springs 37.46361 -115.19250 36.0 2.3 7.04 -14.10 -108.0 43.00 14.00 27.00 7.40 8.50 259.00 34.00 30.00 0.8 225 GS81 Spring 110 07/20/81 
Ash Springs 37.46356 -115.19252 -- -- -- -14.03 -110.0 -- -- -- -- -- -- -- -- -- SNWA -- Spring -- 05/24/04 
Ash Springs 37.46361 -115.19250 34.0 1.6 7.42 -14.20 -108.4 46.40 16.80 28.40 7.26 8.60 248.00 32.80 32.70 -- 61099 -- Spring 110 07/30/04 
                      
Aspen Springs South 39.21629 -115.39800 6.9 9.4 7.00 -16.02 -120.9 -- -- -- -- -- -- -- -- -- 62721 DRI-WP-16  Spring 324 06/07/05 
                      
Aspen Springs North 39.22100 -115.39905 6.9 7.7 6.50 -15.84 -119.3 -- -- -- -- -- -- -- -- -- 62716 DRI-WP-11  Spring 349 06/07/05 
                      
Bailey Spring (Fairview) 38.17593 -114.72829 18.9 7.0 7.77 -12.68 -98.5 86.40 21.40 29.80 2.10 48.30 331.00 26.60 32.40 -- 60849 -- Spring 277 06/29/04 
Bailey Spring (Fairview) 38.17593 -114.72829 10.7 6.0 6.99 -12.70 -97.9 96.20 25.80 42.40 1.66 70.30 327.00 49.70 33.10 -- 62407 DRI-FR-5  Spring 277 05/01/05 
                      
Bailey Spring  
(Wilson Ck) 

38.35295 -114.36718 17.9 6.4 7.84 -12.93 -102.0 45.00 9.43 18.50 2.06 40.60 135.00 16.10 36.70 -- 60310 -- Spring 310 05/18/04 

                      
Baldwin Spring  36.72035 -114.72415 31.9 2.6 7.30 -12.95 -96.3 63.80 28.10 96.30 11.60 63.80 260.00 180.00 32.00 -- 58496 DRI-MV-3 Spring 291 01/12/04 
Baldwin Spring  36.72035 -114.72415 32.0 3.0 7.48 -12.93 -96.8 63.70 27.60 94.70 11.10 64.10 263.00 180.00 29.20 -- 60309 DRI-MV-3 Spring 291 05/18/04 
Baldwin Spring  36.72035 -114.72415 -- -- -- -12.96 -98.6 62.80 27.40 95.00 11.20 61.40 258.00 174.00 32.10 -- 61620 DRI-MV-3 Spring 291 10/19/04 
Baldwin Spring  36.72035 -114.72415 31.8 2.7 7.30 -12.94 -98.1 63.10 27.40 95.70 11.20 61.70 252.00 178.00 29.60 -- 62034 DRI-MV-3 Spring 291 02/10/05 
Baldwin Spring  36.72035 -114.72415 32.0 2.8 6.80 -12.94 -97.2 -- -- -- -- -- -- -- -- -- 62035 DRI-MV-3  Spring 291 06/08/05 
Baldwin Spring 36.72035 -114.72415 31.8 2.6 7.32 -13.05 -98.0 63.50 27.20 96.80 10.90 61.10 253.00 176.00 29.60 2.2 64174 DRI-MV-3 Spring 291 02/16/06 
Baldwin Spring 36.72035 -114.72415 30.2 5.3 7.35 -13.03 -98.2 71.10 22.10 93.40 11.20 63.40 254.00 180.00 30.40 2.2 64903 DRI-MV-3 Spring 291 06/21/06 
Baldwin Spring 36.72035 -114.72415 32.3 4.8 7.29 -13.03 -97.1 64.50 28.00 83.90 9.35 61.70 259.00 178.00 29.10 2.2 65284 DRI-MV-3 Spring 291 08/23/06 
Baldwin Spring 36.72035 -114.72415 31.7 4.3 7.33 -12.91 -97.9 61.80 27.40 93.50 11.20 60.00 251.00 175.00 29.50 2.2 65662 DRI-MV-3 Spring 291 10/30/06 
                      
Barrel Spring 38.13105 -114.05505 9.8 6.2 7.72 -13.36 -100.5 55.70 6.12 16.50 0.52 18.80 193.00 10.70 22.90 -- 60316 -- Spring 317 05/21/04 
                      
Bennett Spring 37.78417 -114.52806 24.0 -- 7.50 -13.70 -103.0 56.00 26.00 6.50 1.50 7.90 318.00 6.90 14.00 <.1 288 GS103 Spring 141 04/10/85 
                      
Big Muddy Spring 36.72196 -114.71682 -- -- -- -- -98.0 -- -- -- -- -- -- -- -- -- 121.2 -- Spring 69 3/00/70 
Big Muddy Spring 36.72196 -114.71682 32.5 3.0 7.24 -12.90 -96.5 66.00 26.00 96.00 10.00 61.00 270.00 190.00 29.00 2.1 122 GS42 Spring 69 07/22/81 
Big Muddy Spring 36.72196 -114.71682 -- -- -- -12.75 -98.0 -- -- -- -- -- -- -- -- -- 125 -- Spring 69 10/30/85 
Big Muddy Spring 36.72196 -114.71682 -- -- -- -13.05 -99.0 -- -- -- -- -- -- -- -- -- 124 GS44 Spring 69 01/07/88 
Big Muddy Spring 36.72196 -114.71682 31.0 -- -- -12.84 -98.4 64.40 27.60 99.90 10.90 64.20 270.00 198.00 29.90 -- 60308 -- Spring 69 05/18/04 
Big Muddy Spring 36.72196 -114.71682 -- -- -- -12.89 -97.6 63.40 27.00 99.10 10.90 64.50 255.00 178.00 32.60 -- 61615 -- Spring 69 10/19/04 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

Big Spring (Clover) 37.52781 -114.35258 17.2 7.4 7.32 -12.89 -94.2 27.30 4.26 9.50 2.58 7.30 111.00 3.90 48.20 -- 61094 -- Spring 253 07/31/04 
Big Spring (Clover) 37.52781 -114.35258 17.0 7.1 7.44 -12.89 -92.9 30.20 4.46 11.10 2.55 9.00 114.00 4.80 45.80 -- 62401 DRI-CR-6  Spring 253 04/30/05 
                      
Big Spring (Egan) 38.59947 -114.91624 14.0 5.4 6.79 -13.85 -106.0 34.00 5.80 13.00  4.20 156.00 7.20 50.00 0.1 408 GS187 Spring 206 08/03/85 
Big Spring (Egan) 38.59947 -114.91624 13.0 5.8 6.50 -13.92 -104.2 -- -- -- -- -- -- -- -- -- -- -- Spring 206 10/14/03 
Big Spring (Egan) 38.59947 -114.91624 12.9 5.2 6.11 -13.98 -106.1 34.70 5.78 12.40 2.36 3.80 152.00 7.10 51.70  62980 ER-4 Spring 206 07/31/05 
Big Spring (Egan) 38.59947 -114.91624 12.8 5.4 6.76 -13.86 -105.8 34.10 5.83 12.60 2.38 3.90 146.00 7.00 52.10 0.1 65050 ER-24 Spring 441 07/13/06 
                      
Big Spring (Grant) 38.37056 -115.48111 12.5 -- 8.10 -15.20 -112.0 78.00 7.00 4.90 -- 2.10 268.00 13.00 9.50 <.1 366 GS151 Spring 194 07/24/85 
                      
Big Spring Snake Valley 38.69892 -114.13223 17.2 5.3 7.54 -15.14 -112.2 47.80 20.30 5.50 1.51 5.10 228.00 8.50 12.60 -- 61964 -- Spring 325 01/22/05 
Big Spring Snake Valley 38.69892 -114.13223 -- -- -- -15.22 -112.2 48.30 19.50 5.28 1.54 5.50 8.50 234.00 12.70 0.1 63226 SU-2 Spring 325 08/13/05 
Big Spring Snake Valley 38.69892 -114.13223 17.2 4.9 7.50 -15.10 -110.3 42.90 20.20 5.34 1.51 5.80 229.00 8.50 12.70 0.1 63569 -- Spring -- 11/08/05 
Big Spring Snake Valley 38.69892 -114.13223 16.8 5.2 7.61 -15.17 -111.6 47.50 19.60 5.32 1.50 5.50 229.00 8.60 12.50 0.1 64238 SU-2 Spring 325 02/25/06 
Big Spring Snake Valley 38.69892 -114.13223 17.2 5.3 7.43 -15.10 -112.6 49.00 20.30 6.18 2.61 7.30 232.00 9.30 12.80 0.1 64741 SU-2 Spring 325 05/21/06 
Big Spring Snake Valley 38.69892 -114.13223 17.3 5.4 7.49 -15.15 -111.8 47.70 20.40 5.20 1.42 5.33 232.00 8.84 12.70 0.1 65291 SU-2 Spring 325 08/24/06 
Big Spring Snake Valley 38.69892 -114.13223 17.0 4.8 7.44 -15.20 -111.1 49.70 20.30 5.93 1.45 6.10 232.00 8.50 12.90 0.1 65659 SU-2 Spring 325 10/29/06 
                      
Big Spring North 38.65611 -114.63306 20.5 -- 7.60 -15.10 -112.0 49.00 19.00 5.30 2.10 6.00 240.00 12.00 21.00 0.2 416 GS193 Spring 211 04/04/85 
                      
Big Spring South 38.65417 -114.63306 18.5 -- 7.50 -14.80 -111.0 45.00 18.00 5.40 1.90 5.60 200.00 12.00 18.00 0.2 415 GS192 Spring 210 04/04/85 
                      
Bishop Spring 37.41854 -114.64169 -- -- -- -11.70 -85.5 -- -- -- -- -- -- -- -- -- 208 GS80 Spring 107 02/02/84 
Bishop Spring 37.41854 -114.64169 17.5 6.3 7.04 -11.67 -88.0 68.00 24.10 17.10 0.92 13.40 332.00 14.50 54.80 -- 58493 -- Spring 107 01/14/04 
Bishop Spring 37.41854 -114.64169 18.4 4.6 6.93 -11.78 -88.1 -- -- -- -- -- -- -- -- -- 62618 DRI-DR-6  Spring 107 05/20/05 
                      
Bitter Spring 36.28500 -114.51417 17.2 4.8 7.58 -9.90 -77.0 -- -- -- -- -- -- -- -- -- 22 PL15 Spring 14 02/06/96 
                      
Black Rock Spring 37.91204 -114.91906 -- -- -- -12.25 -94.0 -- -- -- -- -- -- -- -- -- 313 GS117 Spring 158 03/22/88 
Black Rock Spring 37.91204 -114.91906 12.1 8.3 7.60 -12.36 -93.6 36.70 7.98 16.10 4.62 13.90 146.00 15.90 63.60 -- 59687 -- Spring 158 03/23/04 
                      
Blue Point Spring 36.39000 -114.43306 -- -- -- -12.40 -93.0 -- -- -- -- -- -- -- -- -- 49 PL8 Spring 26 06/24/85 
Blue Point Spring 36.39000 -114.43306 -- -- -- -12.35 -92.5 -- -- -- -- -- -- -- -- -- 47.5 USGS Spring 26 07/01/85 
Blue Point Spring 36.39000 -114.43306 30.0 -- 7.80 -12.50 -93.5 470.00 160.00 330.00 23.00 400.00 160.00 1900.00 16.00 1.5 48 GS15 Spring 26 07/01/85 
Blue Point Spring 36.39000 -114.43306 29.6 2.7 7.05 -12.30 -91.0 -- -- -- -- -- -- -- -- -- 47 PL8 Spring 26 02/08/96 
Blue Point Springs 36.39000 -114.43306 -- -- -- -12.47 -93.0 -- -- -- -- -- -- -- -- -- USGS -- spring -- 06/05/03 
                      
Blue Rock Spring 38.15344 -114.35401 -- -- -- -12.68 -93.4 -- -- -- -- -- -- -- -- -- -- -- Spring 311 04/28/04 
                      
Boulder Spring (KSV-4) 37.31436 -114.67261 -- -- -- -12.00 -87.5 -- -- -- -- -- -- -- -- -- 196 Kirk1027 Spring 98 -- 
Boulder Spring (KSV-4) 37.31436 -114.67261 16.8 -- 7.90 -12.60 -87.0 21.00 4.90 12.00 2.30 7.80 100.00 6.00 41.00 1.7 198 GS74 Spring 98 02/02/84 
Boulder Spring (KSV-4) 37.31436 -114.67261 5.0 8.8 7.36 -12.60 -91.0 19.40 4.46 11.40 0.26 6.60 88.90 5.70 42.80 -- 58491  Spring 98 01/13/04 
Boulder Spring (KSV-4) 37.31436 -114.67261 13.6 7.7 7.59 -12.66 -91.3 21.20 3.78 55.20 4.08 25.00 138.00 34.80 65.30 -- 62394 DRI-DR-3  Spring 98 04/27/05 
                      
Big Tom Plain Spring 39.08701 -115.37737 7.4 6.1 6.70 -15.92 -121.1 -- -- -- -- -- -- -- -- -- 62713 DRI-WP-8  Spring 326 06/06/05 
                      
Bradshaw Well 37.34917 -114.54389 14.8 -- 7.30 -11.40 -88.5 85.00 28.00 120.00 11.00 52.00 550.00 76.00 63.00 2.3 202 GS76 Well 102 02/01/84 
                      
Brady Spring 38.32746 -115.47509 10.3 -- -- -15.38 -108.5 82.80 8.45 2.90 1.01 0.80 292.00 2.90 13.80 -- 57754 -- Spring 282 10/28/03 
Brady Spring (duplicate 
sample) 

38.32746 -115.47509 -- -- -- -15.38 -110.4 -- -- -- -- -- -- -- -- -- 57754 -- Spring 282 10/28/03 

                      
Buckboard Spring 37.58886 -114.63111 14.7 7.1 7.70 -11.71 -88.2 45.10 8.31 17.30 2.05 13.90 182.00 10.60 45.50 -- 59697 -- Spring 264 03/26/04 
                      
Burnt Canyon Spring 
(Unnamed Spring in Burnt 
Canyon) 

38.28944 -114.20889 11.0 -- 7.60 -12.30 -93.0 35.00 7.70 8.10 0.50 5.20 140.00 8.20 38.00 0.1 356 GS140 Spring 187 06/05/85 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

Butcher Spring 38.03035 -114.01531 10.1 7.6 7.10 -14.22 -103.2 25.50 5.44 10.80 1.01 18.10 78.30 10.90 26.90 0.2 64910 MG-7 Spring 424 06/23/06 
                      
Butte Spring 39.75816 -115.24246 13.7 7.4 6.89 -15.79 -120.4 -- -- -- -- -- -- -- -- -- 62619 DRI-BT-1  Spring 327 05/24/05 
                      
Byron Well 36.58368 -114.64163 -- -- -- -13.27 -97.1 -- -- -- -- -- -- -- -- -- 108503 SNWA Well 623 01/28/05 
                      
Butterfield Spring 38.43972 -115.01083 16.5 6.1 7.31 -14.20 -105.0 47.00 22.00 6.00 2.50 4.70 260.00 8.00 23.00 0.1 384 GS163 Spring 202 07/19/81 
                      
Caliente City Well 37.61583 -114.51333 14.3 -- -- -12.40 -89.0 -- -- -- -- -- -- -- -- -- 263 GS95 Well 124 01/31/84 
                      
Cabin Spring  39.75790 -115.27245 11.0 8.7 7.00 -15.89 -124.4 -- -- -- -- -- -- -- -- -- 62708 DRI-BT-7  Spring 328 06/05/05 
                      
Cain Springs 39.54258 -114.22588 14.9 4.5 6.92 -10.85 -98.4 191.00 53.60 117.00 0.85 352.00 322.00 162.00 34.70 0.3 63282 -- Spring 400 08/26/05 
                      
Caliente Hot Springs 
(Hotel) 

37.62111 -114.51042 45.0 -- 7.80 -14.50 -109.0 37.00 7.30 49.00 19.00 13.00 222.00 34.00 130.00 1.4 270 GS99 Spring 129 04/10/85 

Caliente Hot Springs 
(Hotel) 

37.62111 -114.51042 40.7 4.4 8.17 -14.52 -106.4 35.00 7.34 50.10 18.70 14.50 213.00 37.20 128.00 -- 61621 -- Spring 129 10/20/04 

Caliente Hot Springs 
(Hotel) 

37.62111 -114.51042 40.4 4.1 8.06 -14.29 -109.3 35.60 7.17 51.80 19.00 14.50 208.00 44.80 119.00 -- 61970 -- Spring 129 01/24/05 

Caliente Hot Springs 
(Hotel) 

37.62111 -114.51042 41.0 4.0 7.52 -14.43 -107.0 -- -- -- -- -- -- -- -- -- 62620 DRI-MW-2  Spring 129 05/19/05 

Caliente Hot Springs 
(Hotel) 

37.62111 -114.51042 40.1 2.8 7.62 -14.47 -109.0 -- -- -- -- -- -- -- -- -- 63230 DRI-MW-2  Spring 129 08/16/05 

Caliente Hot Springs 
(Hotel) 

37.62111 -114.51042 41.5 3.1 7.71 -14.47 -107.2 35.00 7.36 51.20 18.80 13.70 214.00 39.10 122.00 1.5 63572  Spring 129 11/09/05 

Caliente Hot Springs 
(Hotel) 

37.62111 -114.51042 39.7 4.5 7.91 -14.42 -107.7 38.40 7.61 52.20 18.90 17.30 215.00 43.60 119.00 1.4 64170 MW-2 Spring 129 02/17/06 

Caliente Hot Springs 
(Hotel) 

37.62111 -114.51042 39.9 3.3 7.98 -14.38 -107.3 39.00 7.93 53.60 21.10 18.50 224.00 46.50 118.00 1.4 64744 MW-2 Spring 129 05/22/06 

                      
Calpine Test Well 1a 36.54611 -114.80194 30.5 -- -- -13.50 -99.0 -- -- -- -- -- -- -- -- -- 999 ECP-1a Well 43 04/07/00 
                      
Camp Creek 38.24361 -114.25222 9.0 -- 7.90 -14.00 -102.0 -- -- -- -- -- -- -- -- -- 349 E3 Surface 184 04/09/85 
                      
Carpenter Spring 38.05000 -115.61167 16.0 -- -- -11.85 -95.0 -- -- -- -- -- -- -- -- -- 332 GS126 Spring 171 07/31/85 
                      
Cave Spring  
(Cave Valley) 

38.64111 -114.79583 12.0 8.4 7.41 -13.85 -100.0 16.00 2.20 3.10  1.00 62.00 4.50 14.00 <.1 414 GS191 Spring 209 08/02/85 

Cave Spring  
(Cave Valley) 

38.64111 -114.79583 -- -- -- -14.16 -104.9 -- -- -- -- -- -- -- -- -- 68110 SNWA Spring 209 08/06/03 

Cave Spring  
(Cave Valley) 
 

38.64111 -114.79583 -- -- -- -13.54 -102.7 -- -- -- -- -- -- -- -- -- 88485 SNWA Spring 209 06/21/04 

Cave Spring  
(Cave Valley) 

38.64111 -114.79583 11.7 7.6 7.20 -14.20 -102.2 15.40 2.04 2.57 0.68 1.00 55.40 2.60 16.00 0.1 65057 SC-8 Spring 209 07/14/06 

                      
Cave Spring (Clover) 37.52979 -114.24092 18.7 4.7 7.00 -12.21 -90.8 47.80 9.12 26.40 8.41 20.00 219.00 10.80 57.40 -- 61101 -- Spring 247 07/31/04 
Cave Spring (Clover) 37.52979 -114.24092 18.7 4.7 7.00 -12.53 -94.7 -- -- -- -- -- -- -- -- -- 61101B -- Spring 247 07/31/04 
                      
Cave Valley MX 38.46859 -114.86944 -- -- -- -13.94 -105.0 -- -- -- -- -- -- -- -- -- -- USGS Deep 

Well 
620 07/10/03 

                      
Cave Valley Seedling 
Well 

38.58298 -114.79334 -- -- -- -13.75 -104.7 -- -- -- -- -- -- -- -- -- 112271 SNWA Well 625 07/25/05 

                      
Cedar Spring 39.77309 -114.21140 14.4 2.8 7.20 -15.52 -121.5 104.00 50.60 16.50 1.60 42.90 208.00 262.00 14.60 0.5 63275 -- Spring 393 08/23/05 
                      
Cedar Cabin Spring 38.79689 -114.22339 9.6 9.0 7.55 -14.10 -106.0 62.30 20.20 5.45 1.04 5.00 5.70 272.00 12.00 <.04 62913 SN-4 Spring 380 07/13/05 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

The Cedars 38.93537 -114.41800 18.7 8.0 8.03 -15.02 -110.3 20.00 1.70 5.88 0.85 2.00 74.90 3.20 20.70 -- 61965 -- Spring 329 01/22/05 
The Cedars 38.93537 -114.41800 18.9 8.4 7.97 -15.03 -108.1 -- -- -- -- -- -- -- -- -- 62621 DRI-SV-1  Spring 329 05/20/05 
The Cedars 38.93537 -114.41800 -- -- -- -15.00 -108.6 19.80 1.68 5.85 0.86 2.00 3.30 74.20 20.60 0.3 63225 SV-1 Spring 329 08/12/05 
The Cedars 38.93537 -114.41800 18.3 7.3 7.95 -15.00 -108.2 20.10 1.69 5.71 0.82 2.00 73.10 3.30 20.70 0.2 63570  Spring 329 11/08/05 
The Cedars 38.93537 -114.41800 18.2 7.7 8.10 -15.02 -108.4 20.10 1.59 5.60 0.84 2.10 74.80 3.40 20.50 0.2 64240 SV-1 Spring 329 02/26/06 
The Cedars 38.93537 -114.41800 18.8 8.5 7.90 -15.03 -108.3 20.10 1.67 5.85 1.84 2.10 74.10 3.50 20.80 0.2 64742 SV-1 Spring 329 05/21/06 
The Cedars 38.93537 -114.41800 19.9 7.6 8.00 -14.97 -109.4 20.10 1.78 5.43 0.75 2.07 72.10 3.55 20.80 0.2 65369 SV-1 Spring 329 08/30/06 
The Cedars 38.93537 -114.41800 18.4 8.3 7.83 -15.05 -109.9 20.00 1.68 5.67 0.82 2.00 72.90 3.40 20.60 0.2 65660 SV-1 Spring 329 10/29/06 
                      
CE-DT-4 36.79556 -114.89222 34.0 3.5 7.35 -13.00 -102.5 46.00 19.00 84.00 11.00 35.00 294.00 110.00 33.00 1.9 138 GS52 Well 78 12/23/80 
                      
CE-DT-6 Well 36.76778 -114.78694 -- -- -- -13.10 -99.0 -- -- -- -- -- -- -- -- -- 130.2 DRI Well 72 09/28/86 
CE-DT-6 Well 36.76778 -114.78694 33.5 3.7 7.16 -12.95 -97.0 58.00 25.00 88.00 11.00 53.00 272.00 160.00 30.00 2.1 130 GS47 Well 72 09/28/86 
                      
CE-VF-2 Well 36.87500 -114.94556 -- -- -- -12.95 -101.0 -- -- -- -- -- -- -- -- -- 155 USGS Well 81 02/05/86 
CE-VF-2 Well 36.87500 -114.94556 34.0 2.9 7.40 -13.10 -101.0 47.00 21.00 81.00 11.00 34.00 303.00 90.00 34.00 1.7 156 USGS Well 81 01/06/88 
                      
Chicken Spring 39.23885 -115.38886 8.3 5.7 6.60 -16.17 -122.0 -- -- -- -- -- -- -- -- -- 62715 DRI-WP-10  Spring 330 06/07/05 
                      
Chimney Rock Spring 38.83528 -114.88417 13.0 1.4 6.78 -14.30 -109.0 56.00 6.80 12.00  5.40 207.00 21.00 56.00 0.2 425 GS205 Spring 219 08/01/85 
Chimney Rock Spring 38.83528 -114.88417 12.8 0.9 6.73 -14.74 -112.0 39.30 5.51 14.00 8.38 3.30 171.00 10.70 61.10 0.2 65052 ER-26 Spring 219 07/13/06 
                      
Circle Wash Spring 39.12170 -115.36929 7.6 7.1 6.20 -15.30 -114.5 -- -- -- -- -- -- -- -- -- 62710 DRI-WP-5  Spring 331 06/06/05 
                      
Clover Creek Valley Well 
232 

37.50500 -114.27600 21.5 -- 7.80 -11.70 -84.0 60.00 6.00 8.00 3.00 26.00 180.00 13.00 -- 0.4 232 E29 Well 114 07/18/75 

                      
Clover Creek Valley Well 
246 

37.58470 -114.25980 26.0 -- 7.80 -12.40 -89.0 41.00 6.00 10.00 5.00 17.00 166.00 4.00 -- -- 246 E28 Well 120 07/18/75 

                      
Cold Spring 37.71370 -115.41016 -- -- -- -12.98 -98.9 49.70 12.10 22.80 1.50 19.40 208.00 22.60 50.70 -- 60841 -- Spring 288 06/25/04 
                      
Cold Spring, Preston 38.91800 -115.06680 22.0 3.0 7.20 -15.80 -121.0 39.00 19.00 12.00 3.10 13.00 190.00 39.00 20.00 0.3 446 GS221 Spring 230 07/16/81 
Cold Spring, Preston 38.91800 -115.06680 21.5 3.0 7.80 -15.80 -126.0 43.00 20.00 13.00 2.90 14.00 190.00 37.00 20.00 0.4 447 GS222 Spring 230 06/16/83 
                      
Connor Spring 37.90165 -114.56023 8.4 7.7 7.68 -13.84 -100.6 72.30 25.80 1.48 0.59 2.00 348.00 3.80 8.70 -- 60838 -- Spring 283 06/24/04 
                      
Corn Creek Spring South 36.43890 -115.35775 21.4 4.0 7.44 -12.88 -95.0 51.00 48.20 9.81 3.02 9.10 401.00 25.10 28.70 -- 58503 -- Spring 307 01/17/04 
Corn Creek Spring South 36.43890 -115.35775 21.1 3.3 7.26 -12.89 -95.0 47.40 33.70 6.44 2.11 6.90 288.00 18.50 19.50 -- 60852 -- Spring 307 06/30/04 
                      
Corral Spring (Unnamed 
Spring) 

36.37056 -114.46000 17.0 6.2 7.31 -12.10 -91.5 -- -- -- -- -- -- -- -- -- 28 PL13 Spring 19 02/07/96 

                      
Cottonwood Spring 
(Fairview) 

38.31204 -114.63476 13.1 4.6 -- -13.40 -102.2 33.80 4.87 17.80 0.80 6.10 161.00 4.70 38.00 -- 60848 -- Spring 274 06/29/04 

                      
Cottonwood Spring 
(Black Mtns.) 

36.20333 -114.64361 12.6 6.5 7.81 -10.80 -80.0 524.00 220.00 209.00 10.70 63.60 205.00 2410.00 17.40 -- 13 PL17 Spring 8 02/06/96 

                      
Cottonwood Spring 
(Delamar) 

37.53418 -114.74636 15.5 2.3 7.10 -12.87 -96.9 80.00 9.32 29.50 0.70 17.30 311.00 18.70 48.70 -- 59698 -- Spring 265 03/26/04 

                      
Cow Camp Spring 36.58361 -115.30722 14.5 -- 7.60 -12.60 -90.5 48.00 31.00 21.00 0.70 28.00 290.00 23.00 16.00 0.2 75 GS19 Spring 47 10/28/81 
Cow Camp Spring 36.58361 -115.30722 10.0 5.9 7.60 -12.60 -93.0 50.00 35.00 25.00 0.60 29.00 -- 29.00 15.00 0.2 77 GS21 Spring 47 05/10/83 
Cow Camp Spring 36.58361 -115.30722 16.8 5.1 7.26 -12.46 -92.0 48.90 35.60 26.90 0.55 23.50 312.00 24.60 17.60 -- 61105  Spring 47 07/27/04 
Cow Camp Spring 36.58361 -115.30722 10.1 8.4 6.96 -12.47 -91.9 52.00 38.00 38.90 0.29 39.90 298.00 48.60 15.10 -- 62399 DRI-SR-4  Spring 47 04/28/05 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

Coyote Spring 38.03186 -114.86219 -- -- -- -12.04 -97.2 -- -- -- -- -- -- -- -- -- 88474 SNWA  Spring 169 06/21/04 
Coyote Spring 38.03186 -114.86219 13.3 4.7 6.76 -12.26 -95.2 75.10 11.40 55.50 10.70 31.70 246.00 105.00 82.70 -- 62409 DRI-DL-1  Spring 169 05/01/05 
Coyote Spring 38.03186 -114.86219 -- -- -- -12.80 -95.0 -- -- -- -- -- -- -- -- -- 330 Kirk1017 Spring 169 -- 
                      
Crystal Springs 37.53144 -115.23364 -- -- -- -- -109.0 -- -- -- -- -- -- -- -- -- -- Win Spring 116 08/01/68 
Crystal Springs 37.53144 -115.23364 -- -- -- -- -110.0 -- -- -- -- -- -- -- -- -- -- Win Spring 116 01/01/69 
Crystal Springs 37.53144 -115.23364 -- -- -- -- -109.0 -- -- -- -- -- -- -- -- -- -- Win Spring 116 03/01/70 
Crystal Springs 37.53144 -115.23364 27.5 1.8 7.34 -14.30 -109.0 43.00 21.00 22.00 5.00 8.90 260.00 34.00 25.00 0.3 235 GS87 Spring 116 07/20/81 
Crystal Springs 37.53144 -115.23364 26.5 -- 7.40 -14.38 -108.4 44.00 22.00 24.00 5.40 8.60 248.00 32.00 24.00 0.3 238 GS90 Spring 116 08/16/94 
Crystal Springs 37.53144 -115.23364 28.0 -- 7.74 -14.39 -106.9 44.16 22.56 23.84 4.83 9.60 255.00 34.70 24.74 0.4 239 IT120 Spring 116 08/07/95 
Crystal Springs 37.53162 -115.23363 -- -- -- -14.32 -108.0 -- -- -- -- -- -- -- -- -- USGS -- Spring 116 06/03/03 
Crystal Springs 37.53144 -115.23364 -- -- -- -14.23 -111.0 -- -- -- -- -- -- -- -- -- 84392 SNWA Spring 116 05/24/04 
Crystal Springs 37.53144 -115.23364 27.3 5.1 7.25 -14.36 -109.2 43.10 22.20 23.60 5.26 8.70 255.00 32.30 26.40 -- 61106 -- Spring 116 07/30/04 
Crystal Springs 37.53144 -115.23364 27.3 1.3 7.59 -14.41 -109.0 45.30 22.40 24.20 5.28 9.10 240.00 33.60 26.60 -- 61618 -- Spring 116 10/20/04 
Crystal Springs 37.53144 -115.23364 27.2 1.3 7.50 -14.35 -109.4 45.60 22.00 24.10 5.18 8.80 247.00 33.20 25.20 -- 61971 -- Spring 116 01/24/05 
Crystal Springs 37.53144 -115.23364 27.1 1.3 7.26 -14.44 -107.3 -- -- -- -- -- -- -- -- -- 62622 DRI-PV-2  Spring 116 05/18/05 
Crystal Springs 37.53144 -115.23364 27.0 1.3 6.92 -14.46 -109.3 -- -- -- -- -- -- -- -- -- 63229 DRI-PV-2  Spring 116 08/14/05 
Crystal Spring 37.53144 -115.23364 27.1 1.3 7.38 -14.42 -110.1 45.70 22.20 23.80 5.10 9.30 248.00 33.10 25.00 0.3 63574 -- Spring 116 11/09/05 
Crystal Spring 37.53181 -115.23383 27.1 1.4 7.43 -14.47 -108.5 45.10 22.10 23.60 5.13 9.30 245.00 33.90 24.70 0.3 65655 PV-2 Spring 116 10/28/06 
Crystal Springs 37.53181 -115.23383 27.1 1.3 7.44 -14.53 -108.8 46.30 22.50 24.20 5.35 9.50 247.00 33.80 24.70 0.4 64168 PV-2 Spring 116 02/17/06 
Crystal Springs 37.53181 -115.23383 27.2 1.2 7.51 -14.47 -109.5 45.50 21.90 24.00 5.72 9.50 247.00 35.10 25.40 0.4 64746 PV-2 Spring 116 05/22/06 
Crystal Springs 37.53181 -115.23383 27.1 1.3 7.42 -14.49 -108.8 45.90 22.60 21.20 4.36 9.07 239.00 34.80 25.00 0.3 65290 PV-2 Spring 116 08/23/06 
                      
CSV-2 Well 36.78056 -114.72222 27.0 4.0 7.40 -12.85 -98.0 60.00 27.00 100.00 10.00 61.00 276.00 160.00 30.00 2.3 135 GS51 Well 76 01/26/86 
CSV-2 Well 36.78056 -114.72222 -- -- -- -12.99 -97.7 -- -- -- -- -- -- -- -- -- USGS -- Well 76 07/08/03 
                      
CSV-3 Well 36.69083 -114.92500 41.0 -- 7.35 -10.35 -75.0 51.00 25.00 38.00 10.00 26.00 239.00 54.00 24.00 1.2 104 GS38 Well 60 10/07/87 
CSV-3 Well 36.69083 -114.92500 -- -- -- -10.30 -75.8 -- -- -- -- -- -- -- -- -- 121722 SNWA Well 60 01/26/06 
                      
Davies Spring 36.96556 -114.50194 14.3 -- -- -12.50 -89.0 -- -- -- -- -- -- -- -- -- 177 GS64 Spring 90 02/06/84 
                      
Deadman Spring 
(Highland) 

37.91861 -114.54139 9.5 -- 7.10 -13.30 -99.0 98.00 41.00 5.00 0.90 4.20 506.00 8.30 19.00 0.1 319 GS119 Spring 162 04/07/85 

Deadman Spring 
(Highland) 

37.91861 -114.54139 27.9 4.9 9.68 -10.83 -90.9 12.20 40.10 4.11 0.43 2.50 143.00 5.40 2.10 -- 60837 -- Spring 162 06/24/04 

                      
Decathon Spring 38.80738 -114.27884 7.6 7.1 6.89 -14.60 -107.0 111.00 7.58 2.88 0.54 3.40 11.40 325.00 11.30 0.1 62914 SN-5 Spring 381 07/14/05 
                      
Deer Spring (White Pine) 38.99498 -115.39136 -- -- -- -15.87 -118.9 -- -- -- -- -- -- -- -- -- JThomas-

032304-4 
WP-4 Spring 322 10/12/03 

Deer Spring (White Pine) 38.99498 -115.39136 9.4 6.3 6.90 -15.87 -119.6 -- -- -- -- -- -- -- -- -- 62822 WP-4  Spring 322 06/28/05 
                      
Deer Spring (Butte) 39.48683 -115.27559 12.3 6.4 6.30 -14.74 -114.1 -- -- -- -- -- -- -- -- -- 62704 DRI-BT-6  Spring 332 06/04/05 
                      
Delmues Spring 
(Unnamed Spring) 

37.86000 -114.32222 18.0 -- 7.70 -13.40 -104.0 47.00 6.70 30.00 6.30 24.00 180.00 18.00 64.00 0.6 302 GS111 Spring 149 04/08/85 

                      
Desert Valley (Dry Lake) 
Well #1 

36.95306 -115.19750 19.0 2.8 7.97 -13.10 -98.0 22.00 27.00 35.00 5.70 8.90 413.00 48.00 49.00 0.6 171 GS61 Well 87 03/18/87 

                      
Dipping Tank Spring 39.77522 -114.47512 12.0 7.8 6.83 -15.74 -119.8 47.50 8.37 16.20 2.01 18.00 167.00 14.60 30.70 0.1 63280 -- Spring 398 08/25/05 
                      
DLLLC Hidden Valley 36.49340 -114.92657 -- -- -- -12.90 -97.0 -- -- -- -- -- -- -- -- -- 999 HV-1 Well 37 06/05/00 
                      
Dodge Well 38.24444 -114.54250 17.0 -- -- -14.20 -107.0 -- -- -- -- -- -- -- -- -- 350 GS137 Well 185 06/07/85 
                      
Douglas Spring 38.85003 -115.14867 -- -- -- -13.01 -106.4 -- -- -- -- -- -- -- -- -- 112274 SNWA Spring 626 07/26/05 
                      
Dry Lake Valley Well 36.45500 -114.84389 29.0 2.0 7.27 -13.30 -97.5 110.00 48.00 120.00 13.00 170.00 210.00 360.00 21.00 2.1 64 GS17 Well 34 07/01/85 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

East Settling Spring 37.37315 -114.23282 -- -- -- -12.76 -92.2 -- -- -- -- -- -- -- -- -- 61100B -- Spring 248 07/31/04 
                      
Easter Spring 39.04120 -115.34883 11.1 6.7 7.30 -15.56 -119.4 -- -- -- -- -- -- -- -- -- 62823 WP-23  Spring 365 06/29/05 
                      
EH-3 Weiser Wash 36.69222 -114.52556 24.1 -- 7.80 -12.70 -91.0 511.00 201.00 170.00 22.00 194.00 123.00 2100.00 15.00 -- -- 4 Well 61 averages 
                      
EH-4 Weiser Wash 36.70639 -114.71611 22.8 0.0 8.30 -13.00 -98.0 49.00 30.00 90.00 12.00 57.00 245.00 171.00 28.00 0.0 AVG -- Well 63 averages 
                      
EH-6 Weiser Wash 36.68167 -114.57000 24.8 0.0 7.70 -13.90 -99.5 341.00 131.00 274.00 31.00 41.00 178.00 1800.00 13.00 0.0 AVG -- Well 59 averages 
                      
EH-7 36.67056 -114.53139 21.0 -- 7.33 -12.45 -91.0 470.00 190.00 170.00 20.00 65.00 -- 2000.00 15.00 0.9 99 GS35 Well 56 03/19/87 
                      
EH-8 Weiser Wash 36.67389 -114.57583 0.0 0.0 7.60 -13.70 -96.5 375.00 104.00 416.00 22.00 233.00 162.00 1780.00 26.00 0.0 AVG -- Well 57 averages 
                      
Eightmile Spring 37.46466 -115.06440 17.9 6.7 7.23 -13.12 -96.7 45.00 9.15 13.20 1.49 10.60 189.00 8.90 43.20 0.0 61103 -- Spring 295 07/30/04 
Eightmile Spring 37.46466 -115.06440 14.4 6.7 7.35 -13.06 -94.4 52.20 9.90 17.80 1.07 16.20 195.00 14.80 37.60 0.0 61106C DRI-PR-11 Spring 295 04/30/05 
                      
Eight Mile Spring  
(Snake Range) 

39.38830 -114.28433 11.1 7.7 7.02 -15.53 -116.3 77.80 18.30 5.74 0.86 4.70 307.00 9.50 12.60 <.05 63284 SN-32 Spring 402 08/26/05 

Eight Mile Spring  
(Snake Range) 

39.38830 -114.28433 11.0 7.1 7.31 -15.38 -114.8 79.70 18.50 5.28 0.76 4.86 306.00 9.59 12.40 0.1 65421 SN-32 Spring 402 09/17/06 

Eight Mile Spring  
(Snake Range) 

39.38830 -114.28433 11.5 7.5 7.36 -15.40 -114.3 80.20 18.70 5.79 0.81 4.81 333.00 8.96 11.40 0.1 68482 SN-32 Spring 496 06/02/08 

Eight Mile Spring  
(Snake Range) 

39.38830 -114.28433 11.4 6.9 7.39 -15.46 -112.0 78.40 18.70 5.76 0.83 4.61 330.00 9.02 12.00 0.0 68915 SN-32 Spring 496 09/12/08 

Eight Mile Spring  
(Snake Range) 

39.38830 -114.28433 11.4 7.5 7.31 -15.39 -115.7 78.90 18.80 5.78 0.84 4.65 322.00 8.87 11.60 0.1 69146 SN-32 Spring 496 11/01/08 

Eight Mile Spring  
(Snake Range) 

39.38830 -114.28433 -- -- -- -15.30 -114.8 79.70 18.50 5.58 0.73 4.74 316.00 8.43 12.20 0.1 69867 SN-32 Spring 496 08/15/09 

Eight Mile Spring  
(Snake Range) 

39.38830 -114.28433 -- -- -- -15.45 -115.6 77.90 17.70 5.79 0.82 4.93 329.00 9.01 11.50 0.0 70617 SN-32 Spring 496 11/17/09 

                      
Ella Spring 37.49072 -114.44835 7.5 3.6 7.70 -12.56 -95.8 44.20 8.55 11.10 1.84 7.00 170.00 8.80 27.10 -- 59702 -- Spring 251 03/27/04 
                      
Emigrant Spring 38.62500 -115.04778 19.5 5.2 7.14 -14.50 -108.0 67.00 24.00 5.30 1.60 2.90 300.00 14.00 13.00 0.2 410 GS188 Spring 207 07/18/81 
Emigrant Spring 38.62500 -115.04778 20.1 -- -- -- -107.5 -- -- -- -- -- -- -- -- -- 411 GS189 Spring 207 01/17/84 
                      
Fence Spring 38.17978 -114.71593 -- -- -- -12.55 -97.4 -- -- -- -- -- -- -- -- -- -- -- Spring 278 06/29/04 
                      
Flag Spring #3 38.42139 -115.02222 22.8 - 7.50 -14.30 -105.0 50.00 21.00 10.00 3.40 6.60 270.00 12.00 26.00 0.2 380 GS161 Spring 201 01/17/84 
                      
Flatnose Spring             
(Unnamed Spring) 

37.89611 -114.22583 25.0 -- 8.00 -13.40 -101.0 26.00 3.50 34.00 5.60 10.00 146.00 18.00 55.00 1.3 306 GS113 Spring 153 04/08/85 

                      
Forest Home Spring                
(Unnamed Spring) 

38.37750 -115.37528 14.0 5.3 7.63 -14.50 -108.5 62.00 26.00 9.90 -- 6.90 309.00 19.00 14.00 <.1 368 GS152 Spring 195 07/24/85 

                      
Four Mile Spring 39.30724 -114.29803 9.4 6.5 7.23 -14.75 -112.5 85.50 33.70 8.88 1.18 7.49 375.00 40.20 15.80 0.1 65413 SN-25 Spring 488 09/16/06 
                      
Fox Cabin 38.16267 -114.65034 -- -- -- -13.59 -103.5 -- -- -- -- -- -- -- -- -- -- -- Spring 273 06/29/04 
                      
Fugro CV Deep Well  
CE-DT-5 

36.79556 -114.89222 35.5 2.3 7.15 -12.90 -99.5 46.00 20.00 78.00 11.00 34.00 300.00 100.00 33.00 1.9 139 GS53 Well 77 07/22/81 

Fugro CV Deep Well  
CE-DT-6 

36.79556 -114.89222 -- -- -- -13.16 -100.1 -- -- -- -- -- -- -- -- -- 65461 SNWA Well 77 04/08/03 

Fugro CV Deep Well  
CE-DT-5 

36.79556 -114.89222 -- -- -- -12.99 -99.6 -- -- -- -- -- -- -- -- -- USGS -- Well 77 05/28/03 

Fugro CV Deep Well  
CE-DT-5 

36.79556 -114.89222 -- -- -- -12.99 -99.6 -- -- -- -- -- -- -- -- -- USGS -- Deep 
Well 

77 02/16/05 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

Fugro Dry Lake V  
Deep Well 

38.14583 -114.89333 27.5 3.2 7.08 -14.20 -108.0 73.00 29.00 20.00 6.90 6.20 -- 27.00 25.00 0.5 343 GS133 Well 179 12/10/80 

Fugro Dry Lake V 
 Deep Well 

38.14583 -114.89333 -- -- -- -14.11 -107.0 -- -- -- -- -- -- -- -- -- USGS -- Well 179 06/19/03 

                      
Fugro Steptoe V 
 Deep Well 

38.92000 -114.84528 11.0 5.5 7.50 -14.90 -117.0 66.00 14.00 15.00 4.40 12.00 -- 57.00 28.00 0.4 443 GS218 Well 228 01/19/81 

                      
Garden Spring 37.26425 -114.28869 8.8 6.5 7.06 -11.54 -87.0 -- -- -- -- -- -- -- -- -- 58500 -- Spring 246 01/15/04 
                      
Geyser Spring 38.68000 -114.66556 12.5 -- 7.80 -14.50 -105.0 -- -- -- -- -- -- -- -- -- 419 E1 Spring 213 04/03/85 
                      
Gourd Spring 36.95861 -114.29167 E16. -- -- -10.60 -77.5 -- -- -- -- -- -- -- -- -- 175 GS63 Spring 89 02/06/84 
                      
GP Apex Well 36.34111 -114.92667 -- -- -- -13.35 -97.5 -- -- -- -- -- -- -- -- -- 999 Jim Well 17 09/29/86 
GP Apex Well 36.34111 -114.92667 31.0 5.5 6.96 -13.45 -98.0 120.00 47.00 130.00 13.00 200.00  380.00 23.00 1.4 24 PLC23 Well 17 09/30/86 
GP Apex Well 36.34111 -114.92667 -- -- -- -13.80 -96.0 -- -- -- -- -- 226.00 -- -- -- 25 GS8 Well 17 09/30/86 
                      
Gandy Warm Spring 
(Warm Spring Near 
Gandy) 

39.46000 -114.03707 27.0 492.0 7.23 -15.83 -119.6 49.80 16.80 29.30 3.94 23.90 245.00 22.10 23.10 -- 61482 -- Spring 333 09/24/04 

Gandy Warm Spring  
(Warm Spring Near 
Gandy) 

39.46000 -114.03707 26.9 6.3 7.71 -15.88 -120.0 50.70 17.10 29.10 3.92 23.60 236.00 22.60 22.80 -- 61963 -- Spring 333 01/22/05 

Gandy Warm Spring  
(Warm Spring Near 
Gandy) 

39.46000 -114.03707 -- -- -- -15.83 -119.4 -- -- -- -- -- -- -- -- -- 62623 -- Spring 333 05/23/05 

Gandy Warm Spring  
(Warm Spring Near 
Gandy) 

39.46000 -114.03707 -- -- -- -15.93 -119.8 49.90 16.40 28.40 3.86 23.60 22.20 240.00 22.30 0.2 63224 SU-1 Spring 333 08/12/05 

Gandy Warm Spring  
(Warm Spring Near 
Gandy) 

39.46000 -114.03707 26.6 4.9 7.52 -15.90 -122.8 47.30 17.00 28.50 3.91 22.80 235.00 22.50 22.70 0.6 63568 -- Spring 333 11/08/05 

Gandy Warm Spring  
(Warm Spring Near 
Gandy) 

39.46000 -114.03707 26.8 5.5 7.58 -15.96 -119.5 50.80 16.20 28.20 3.89 23.70 236.00 22.80 22.50 0.7 64237 SU-1 Spring 333 02/25/06 

Gandy Warm Spring  
(Warm Spring Near 
Gandy) 

39.46000 -114.03707 27.3 5.8 7.55 -16.00 -121.2 50.40 16.60 28.80 4.92 24.20 236.00 23.50 23.00 0.6 64740 SU-1 Spring 333 05/21/06 

Gandy Warm Spring  
(Warm Spring Near 
Gandy) 

39.46000 -114.03707 26.7 5.8 7.59 -15.88 -120.4 51.20 17.00 24.10 3.01 24.40 247.00 22.80 21.80 0.6 65292 SU-1 Spring 333 08/25/06 

Gandy Warm Spring  
(Warm Spring Near 
Gandy) 

39.46000 -114.03707 26.9 5.7 7.56 -15.91 -120.3 51.10 17.10 28.60 3.85 24.10 233.00 22.70 22.40 0.6 65658 SU-1 Spring 333 10/29/06 

                      
Granite Spring 38.56271 -114.91658 11.8 5.8 6.83 -13.32 -103.4 44.60 10.90 16.60 2.92 12.60 186.00 17.20 57.30 0.2 65049 ER-23 Spring 440 07/13/06 
                      
Grapevine Spring  
(KSV-2) 

37.12988 -114.70972 -- -- -- -11.60 -88.0 -- -- -- -- -- -- -- -- -- 183 Kirk1028 Spring 93 -- 

Grapevine Spring  
(KSV-2) 

37.12988 -114.70972 18.5 -- 7.30 -12.00 -87.5 75.00 22.00 17.00 2.30 27.00 280.00 40.00 22.00 0.9 185 GS69 Spring 93 02/03/84 

Grapevine Spring  
(KSV-2) 

37.12988 -114.70972 18.2 2.4 7.56 -11.90 -88.6 77.20 17.30 20.20 2.90 31.40 236.00 44.50 28.30 -- 62396 DRI-MM-1  Spring 93 04/27/05 

Grapevine Spring  
(KSV-2) 

37.12988 -114.70972 -- -- -- -11.95 -85.2 77.50 17.90 18.70 2.38 32.70 245.00 46.70 27.30 0.3 63223 DRI-MM-1  Spring 93 08/16/05 

Grapevine Spring 
 (KSV-2) 

37.12988 -114.70972 18.3 5.7 7.71 -11.89 -87.7 79.20 17.60 18.10 2.62 30.10 244.00 42.80 26.80 0.7 63573 -- Spring 93 11/09/05 

Grapevine Spring WR7 37.12988 -114.70972 12.1 4.9 7.50 -12.00 -87.3 76.30 18.00 18.00 1.95 32.10 228.00 44.80 24.20 0.7 64171 MM-1 Spring 93 02/16/06 
Grapevine Spring WR7 37.12988 -114.70972 18.8 1.3 7.30 -11.92 -87.3 76.70 17.70 16.80 2.55 28.00 248.00 40.00 26.70 0.7 64745 MM-1 Spring 93 05/22/06 
Grapevine Spring WR7 37.12988 -114.70972 20.7 2.6 7.14 -12.00 -87.4 73.40 18.50 16.70 1.96 31.00 233.00 45.60 24.80 0.7 65288 MM-1 Spring 93 08/23/06 
Grapevine Spring WR7 37.12988 -114.70972 17.3 2.9 7.28 -11.93 -87.2 74.00 18.50 18.10 2.05 29.60 228.00 44.70 24.10 0.7 65665 MM-1 Spring 93 10/30/06 
Grapevine Spring WR7 37.12988 -114.70972 -- -- -- -12.03 -87.5 -- -- -- -- -- -- -- -- -- -- MM-1 Spring 93 05/09/07 
                      
Grass Valley Springs 39.71321 -114.23300 9.2 6.0 6.35 -16.72 -124.7 18.00 3.26 12.30 0.94 5.90 81.00 5.10 26.60 0.1 63274  Spring 392 08/23/05 

42 

SE ROA 46847

JA_14216



 
 

APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

Gubler Canyon Creek 
Spring (Unnamed Spring 
in Gubler Canyon) 

39.13389 -114.96139 12.5 -- -- -14.90 -111.0 -- -- -- -- 2.40 -- -- -- -- 457 GS243 Spring 235 06/16/83 

                      
Hackberry Spring 36.91778 -114.43778 10.0 -- -- -12.30 -87.0 -- -- -- -- -- -- -- -- -- 162 GS58 Spring 84 02/05/84 
                      
Haggerty Spring 38.66930 -114.90482 11.9 6.0 6.85 -14.78 -109.6 69.70 13.00 3.94 0.76 2.80 259.00 7.00 10.60 -- 62979 ER-9 Spring 387 07/31/05 
                      
Headwaters Spring WR5 38.36575 -114.31935 9.6 6.5 7.00 -14.65 -106.9 10.40 2.41 4.47 1.31 4.50 37.10 4.70 19.10 -- 60311 -- Spring 309 05/19/04 
Headwaters Spring WR5 38.36575 -114.31935 -- -- -- -14.67 -108.7 -- -- -- -- -- -- -- -- -- 60311B -- Spring 309 07/18/04 
Headwaters Spring WR5 38.36575 -114.31935 8.2 7.1 6.85 -14.67 -108.8 11.20 2.51 4.79 1.21 4.20 37.20 4.40 20.40 -- 61481 -- Spring 309 09/23/04 
Headwaters Spring WR5 38.36575 -114.31935 -- -- -- -15.01 -110.4 -- -- -- -- -- -- -- -- -- 62970 -- Spring 309 07/27/05 
Headwaters Spring WR5 38.36575 -114.31935 -- -- -- -14.99 -109.6 11.80 2.54 4.88 1.21 4.70 3.40 44.30 21.10 0.2 63221 WC-1 Spring 309 08/13/05 
Headwaters Spring WR5 38.36575 -114.31935 9.5 6.0 6.36 -14.71 -107.8 13.80 3.00 5.43 1.34 6.20 46.90 4.40 21.40 0.1 63565  Spring 309 11/07/05 
Headwaters Spring WR5 38.36575 -114.31935 9.3 6.3 6.54 -14.52 -106.3 11.40 2.57 5.21 1.27 3.70 45.00 3.70 22.00 0.1 64737 WC-1 Spring 309 05/23/06 
Headwaters Spring WR5 38.36575 -114.31935 12.1 6.1 6.37 -14.59 -107.7 10.70 2.46 5.04 1.29 4.48 43.20 4.08 21.20 0.1 65370 WC-1 Spring 309 08/31/06 
Headwaters Spring WR5 38.36575 -114.31935 8.9 7.1 6.50 -14.47 -107.3 11.50 2.68 5.28 1.30 4.41 41.10 4.03 21.50 0.1 65744 WC-1 Spring 309 11/16/06 
WR 5 Autosampler 38.36575 -114.31935 -- -- -- -14.61 -107.6 -- -- -- -- -- -- -- -- -- DRI-

65370-9 
WC-1 Spring 309 12/01/05 

WR 5 Autosampler 38.36575 -114.31935 -- -- -- -14.70 -108.6 -- -- -- -- -- -- -- -- -- DRI-
65370-12 

WC-1 Spring 309 01/01/06 

WR 5 Autosampler 38.36575 -114.31935 -- -- -- -14.52 -107.7 -- -- -- -- -- -- -- -- -- DRI-
65370-14 

WC-1 Spring 309 02/01/06 

WR 5 Autosampler 38.36575 -114.31935 -- -- -- -14.34 -105.7 -- -- -- -- -- -- -- -- -- DRI-
65370-16 

WC-1 Spring 309 03/01/06 

WR 5 Autosampler 38.36575 -114.31935 -- -- -- -14.36 -105.5 -- -- -- -- -- -- -- -- -- DRI-
65370-20 

WC-1 Spring 309 05/01/06 

WR5 Autosample 1 38.36575 -114.31935 -- -- -- -14.53 -105.7 -- -- -- -- -- -- -- -- -- 65744 
Auto1 

WC-1 Spring 309 09/01/06 

WR5 Autosample 5 38.36575 -114.31935 -- -- -- -14.10 -105.4 -- -- -- -- -- -- -- -- -- 65744 
Auto5 

WC-1 Spring 309 11/01/06 

Headwaters Spring WR5 38.36575 -114.31935 8.5 NA 6.24 -14.24 -105.0 10.60 2.41 4.62 1.24 3.10 41.80 3.50 19.40 0.1 65744 WC-1 Spring 309 05/07/07 
Headwaters Spring WR5 38.36575 -114.31935 -- -- -- -14.33 -105.2 -- -- -- -- -- -- -- -- -- 67249A WC-1 Spring 309 06/01/07 
Headwaters Spring WR5 38.36575 -114.31935 -- -- -- -14.21 -104.5 -- -- -- -- -- -- -- -- -- 67249B WC-1 Spring 309 07/01/07 
Headwaters Spring WR5 38.36575 -114.31935 12.8 4.3 6.30 -14.32 -106.4 10.30 2.35 5.37 1.39 3.64 43.80 3.71 19.60 <.1 67249 WC-1 Spring 309 08/20/07 
Headwaters Spring WR5 38.36575 -114.31935 10.1 5.5 6.40 -14.32 -105.3 10.30 2.33 4.81 1.18 3.80 40.80 3.60 18.90 0.1 67507 WC-1 Spring 309 11/02/07 
Headwaters Spring WR5 38.36575 -114.31935 9.2 5.5 6.29 -14.30 -105.4 9.72 2.28 4.46 1.16 3.40 38.20 3.58 19.40 0.1 68475 WC-1 Spring 309 05/30/08 
Headwaters Spring WR5 38.36575 -114.31935 11.5 6.4 6.32 -14.44 -104.9 9.94 2.40 4.53 1.26 3.72 38.70 3.72 20.30 0.1 68912 WC-1 Spring 309 09/11/08 
Headwaters Spring WR5 38.36575 -114.31935 10.1 6.8 6.24 -14.44 -106.4 10.10 2.38 4.48 1.32 3.75 47.00 3.61 19.20 0.1 69143 WC-1 Spring 309 10/30/08 
Headwaters Spring WR5 38.36575 -114.31935 9.0 7.3 6.17 -13.98 -103.4 10.10 2.42 4.51 1.29 3.47 40.30 3.70 19.00 0.1 69859 WC-1 Spring 309 05/18/09 
Headwaters Spring WR5 38.36575 -114.31935 -- -- -- -14.14 -103.8 10.20 2.36 4.54 1.29 3.85 39.60 3.72 20.30 0.1 69859 WC-1 Spring 309 08/17/09 
Headwaters Spring WR5 38.36575 -114.31935 -- -- -- -14.27 -104.7 9.70 2.25 4.52 1.20 4.08 38.20 3.75 18.60 0.1 70611 WC-1 Spring 309 11/14/09 
                      
Hells Acres Gulch Spring 
(Unnamed Spring in Hells 
Acres Gulch) 

37.46028 -115.12472 13.0 -- 8.30 -12.30 -93.0 45.20 9.03 20.70 2.38 8.20 198.00 19.90 39.00 -- 211 K9 Spring 109 01/14/85 

                      
Henry Spring 37.68990 -115.37391 -- -- -- -12.77 -97.4 -- -- -- -- -- -- -- -- -- -- -- Spring 287 06/25/04 
                      
High Springs 39.13012 -114.95041 7.4 6.5 7.50 -15.43 -113.4 66.20 10.10 3.65 0.91 0.80 232.00 17.90 10.40 0.1 65042 ER-16 Spring 433 07/12/06 
                      
                      
Highland Spring 37.92110 -114.54923 10.0 -- 7.20 -13.30 -98.5 86.00 36.00 4.70 1.00 4.40 474.00 8.10 15.00 0.1 320 GS120 Spring 163 04/07/85 
Highland Spring 37.92110 -114.54923 11.6 5.8 7.35 -13.49 -99.6 77.10 35.90 3.71 0.71 3.70 413.00 6.20 15.30 -- 60839 -- Spring 163 06/24/04 
Highland Spring 37.92110 -114.54923 10.2 7.3 6.79 -13.30 -99.3 82.90 35.10 4.34 0.64 3.40 403.00 5.90 16.10 -- 62408 DRI-HR-1  Spring 163 05/01/05 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

Hiko Spring 37.59833 -115.21444 -- -- -- -13.80 -109.0 -- -- -- -- -- -- -- -- -- 249 PLC12 Spring 122 -- 
Hiko Spring 37.59833 -115.21444 -- -- -- -- -110.5 -- -- -- -- -- -- -- -- -- 254 IT127 Spring 122 08/01/68 
Hiko Spring 37.59833 -115.21444 -- -- -- -- -109.5 -- -- -- -- -- -- -- -- -- 255 IT128 Spring 122 01/01/69 
Hiko Spring 37.59833 -115.21444 -- -- -- -- -109.5 -- -- -- -- -- -- -- -- -- 256 IT129 Spring 122 03/01/70 
Hiko Spring 37.59833 -115.21444 26.0 -- 7.40 -15.30 -110.0 49.0 23.00 26.00 7.40 11.00 282.00 37.00 30.00 0.6 251 IT124 Spring 122 01/14/85 
Hiko Spring 37.59833 -115.21444 -- -- -- -14.00 -105.0 -- -- -- -- -- -- -- -- -- 257 IT130 Spring 122 01/14/85 
Hiko Spring 37.59833 -115.21444 26.5 -- 7.73 -14.45 -107.7 46.40 23.33 25.57 6.63 11.00 273.00 38.10 33.08 0.5 252 IT125 Spring 122 08/07/95 
                      
Hole in the Bank Spring 38.84915 -114.89566 6.9 7.9 6.64 -15.37 -114.9 43.70 11.00 12.40 2.95 5.10 195.00 10.50 50.60 0.1 62977 ER-8 Spring 386 07/31/05 
                      
Horse Spring (Morman) 36.94139 -114.44639 -- -- -- -12.70 -89.0 -- -- -- -- -- -- -- -- -- 167 GS59 Spring 85 02/05/84 
                      
Horse Spring (Grant) 38.32951 -115.38580 14.7 7.2 7.10 -12.86 -99.5 -- -- -- -- -- -- -- -- -- 62829 GR-3  Spring 370 06/30/05 
                      
Horsethief Spring 38.02649 -114.24511 11.7 1.6 6.92 -12.73 -96.3 56.60 7.96 16.50 1.22 18.60 206.00 13.00 50.10 -- 60314 -- Spring 314 05/20/04 
Horsethief Spring 38.02649 -114.24511 9.7 1.9 6.39 -12.62 -97.6 76.50 10.60 27.60 0.50 19.50 293.00 13.50 60.30 -- 62406 DRI-WC-6  Spring 314 05/01/05 
                      
Hot Creek  
Campground Well 

38.38833 -115.13278 19.0 -- -- -15.30 -118.0 -- -- -- -- -- -- -- -- -- 374 GS155 Well 198 07/19/81 

                      
Hot Creek Springs 38.38251 -115.15451 32.5 1.0 7.22 -15.50 -118.0 59.00 21.00 24.00 5.50 10.00 -- 46.00 28.00 0.9 372 GS153 Spring 197 07/19/81 
Hot Creek Springs 38.38251 -115.15451 -- -- -- -15.82 -120.0 -- -- -- -- -- -- -- -- -- 68113 SNWA Spring 197 08/08/03 
Hot Creek Springs 38.38251 -115.15451 -- -- -- -15.51 -120.1 -- -- -- -- -- -- -- -- -- 88477 SNWA Spring 197 06/23/04 
Hot Creek Springs 38.38251 -115.15451 31.8 1.3 7.17 -15.71 -120.5 57.90 22.10 24.90 4.82 10.10 282.00 43.90 28.20 -- 61484 -- Spring 197 09/25/04 
Hot Creek Springs 38.38251 -115.15451 31.3 1.4 7.33 -15.66 -119.0 59.00 22.20 25.00 5.28 10.00 272.00 45.50 27.80 -- 61972 -- Spring 197 01/24/05 
Hot Creek Springs 38.38251 -115.15451 31.2 1.6 7.05 -15.66 -118.6 -- -- -- -- -- -- -- -- -- 62624 DRI-WV-2  Spring 197 05/18/05 
Hot Creek Springs 38.38251 -115.15451 31.3 1.6 6.77 -15.70 -117.4 -- -- -- -- -- -- -- --  63228 DRI-WV-2  Spring 197 08/14/05 
Hot Creek Spring 38.38251 -115.15451 30.9 1.5 7.33 -15.73 -119.1 59.70 22.40 24.30 5.03 10.00 273.00 45.10 27.70 1.0 63564 -- Spring 197 11/06/05 
Hot Creek Spring 38.38251 -115.15451 31.3 1.9 7.32 -15.77 -119.2 58.70 22.10 24.50 5.22 10.20 269.00 45.40 27.80 1.0 65656 WV-2 Spring 197 10/28/06 
Hot Creek Springs 38.38251 -115.15451 31.3 1.1 7.29 -15.75 -118.4 59.50 21.50 24.30 5.14 10.10 271.00 45.20 28.80 1.0 64234 WV-2 Spring 197 02/17/06 
Hot Creek Springs 38.38251 -115.15451 31.7 1.5 7.36 -15.67 -120.1 59.60 21.60 25.20 5.15 10.60 269.00 47.00 28.40 1.0 64736 WV-2 Spring 197 05/22/06 
Hot Creek Springs 38.38251 -115.15451 31.4 1.3 7.30 -15.75 -119.0 59.30 22.30 22.30 4.53 10.10 268.00 46.00 27.70 1.0 65367 WV-2 Spring 197 08/29/06 
                      
Indian Spring (N Jakes V) 39.44040 -115.31884 -- -- -- -15.25 -118.4 -- -- -- -- -- -- -- -- -- 92573 SNWA  Spring 334 07/27/04 
Indian Spring (N Jakes V) 39.44040 -115.31884 11.3 7.9 7.10 -15.31 -119.1 -- -- -- -- -- -- -- -- -- 62709 DRI-BT-8  Spring 334 06/05/05 
                      
Indian Springs  
(S Springs V) 

38.64160 -114.44957 -- -- -- -14.16 -106.3 26.30 4.10 12.70 4.56 9.40 114.00 6.70 72.80 0.1 62974 FO-1 Spring 375 07/29/05 

                      
Iverson's Spring 36.71028 -114.71194 -- -- -- -- -97.0 -- -- -- -- -- -- -- -- -- 111 PLC18 Spring 65 -- 
                      
Jenson Well 37.18417 -114.46444 18.0 -- 7.70 -11.60 -88.5 55.00 14.00 100.00 7.20 45.00 340.00 80.00 56.00 2.1 187 GS70 Well 95 04/10/85 
                      
John Wadsworth 37.76861 -114.40694 14.5 -- 7.50 -12.90 -101.0 120.00 47.00 150.00 9.50 88.00 601.00 200.00 76.00 6.5 286 GS101 Well 140 06/04/85 
                      
Johnson Spring 39.92319 -114.98923 10.2 9.0 7.54 -15.94 -123.4 -- -- -- -- -- -- -- -- -- 62625 DRI-CC-1  Spring 335 05/24/05 
                      
Jones Spring Pumphouse 36.71116 -114.71694 27.2 5.3 7.44 -12.99 -98.9 63.40 27.40 95.70 11.10 63.10 252.00 178.00 29.50 -- 62033  Spring 293 02/10/05 
Jones Spring Pumphouse 36.71116 -114.71694 32.0 3.9 7.00 -12.99 -97.8 63.70 27.30 96.00 11.20 61.90 256.00 174.00 31.40 2.2 62034 DRI-MV-6  Spring 293 06/08/05 
Jones Spring Pumphouse 36.71116 -114.71694 31.7 3.7 7.36 -13.07 -97.7 63.80 27.40 96.30 10.90 61.80 254.00 178.00 29.40 2.2 64175 MV-5 Spring 292 02/16/06 
Jones Spring Pumphouse 36.71116 -114.71694 32.2 4.4 7.27 -13.07 -97.9 62.60 27.10 93.10 11.20 62.60 254.00 181.00 29.70 2.2 64902 MV-5 Spring 292 06/21/06 
Jones Spring Pumphouse 36.71116 -114.71694 32.2 4.1 7.30 -13.10 -97.3 63.70 27.80 84.50 9.32 62.20 269.00 179.00 29.30 2.1 65285 MV-5 Spring 292 08/23/06 
Jones Spring Pumphouse 36.71116 -114.71694 31.2 4.1 7.29 -13.05 -97.9 63.63 27.37 93.43 10.80 62.05 256.17 177.67 29.75 2.2 -- --  Spring 292 -- 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

Juanita Spring 36.63694 -114.24750 26.0 -- 7.30 -11.65 -87.0 130.00 43.00 25.00 5.30 15.00 -- 370.00 29.00 1.0 90 GS30 Spring 50 01/25/86 
                      
Kalamazoo Spring WR6 39.56648 -114.59594 12.1 6.8 7.33 -16.22 -121.6 47.20 15.50 2.46 0.71 2.10 208.00 10.60 10.50 -- 60962 SC-3 Spring 336 07/20/04 
Kalamazoo Spring WR6 39.56648 -114.59594 12.3 6.7 7.32 -16.22 -118.5 46.80 16.00 3.20 0.87 1.90 196.00 11.00 11.70 --  61348A SC-3 Spring 336 09/21/04 
Kalamazoo Spring WR6 39.56648 -114.59594 11.9 6.9 7.42 -16.28 -121.6 48.60 16.50 3.49 0.79 1.80 209.00 12.10 11.40 -- 61966 SC-3 Spring 336 01/23/05 
                      
Kalamazoo Spring WR6 39.56648 -114.59594 -- -- -- -16.13 -118.6 -- -- -- -- -- -- -- -- -- 62636 SC-3 Spring 336 05/23/05 
Kalamazoo Spring WR6 39.56648 -114.59594 -- -- -- -16.18 -119.2 49.60 15.20 3.03 0.71 1.80 214.00 11.40 11.50 0.1 63222A SC-3 Spring 336 08/12/05 
Kalamazoo Spring WR6 39.56648 -114.59594 11.9 7.3 7.47 -16.17 -121.0 49.10 17.50 3.46 0.74 1.90 219.00 12.80 12.40 <.05 63567 SC-3 Spring 336 11/08/05 
Kalamazoo Spring WR6 39.56648 -114.59594 11.7 7.1 7.60 -16.22 -119.3 49.30 16.60 3.42 0.79 2.00 213.00 12.80 12.10 <.1 64236 SC-3 Spring 336 02/25/06 
Kalamazoo Spring WR6 39.56648 -114.59594 9.8 8.1 7.51 -16.06 -118.0 50.00 11.00 2.65 0.55 1.40 191.00 7.40 9.60 <.05 64739 SC-3 Spring 336 05/21/06 
Kalamazoo Spring WR6 39.56648 -114.59594 -- -- -- -16.16 -120.1 -- -- -- -- -- -- -- -- -- -- SC-3 Spring 336 08/02/06 
Kalamazoo Spring WR6 39.56648 -114.59594 11.9 7.3 7.55 -16.24 -119.7 50.00 17.10 2.87 0.60 2.02 230.00 12.40 12.00 <.05 65368 SC-3 Spring 336 08/30/06 
Kalamazoo Spring WR6 39.56648 -114.59594 12.0 6.5 7.52 -16.11 -120.5 50.20 17.30 3.51 0.82 1.50 216.00 12.50 12.40 <.05 65657 SC-3 Spring 336 10/29/06 
Kalamazoo Spring WR6 39.56648 -114.59594 11.3  7.60 -16.19 -120.4 48.70 16.30 3.67 0.76 1.45 220.00 11.70 12.40 0.1 65657 SC-3 Spring 336 05/08/07 
Kalamazoo Spring WR7 39.56648 -114.59594 12.4 5.7 7.51 -16.22 -120.4 47.90 16.40 3.21 0.72 1.26 225.00 12.00 10.90 <.1 67250 SC-3 Spring 336 08/21/07 
Kalamazoo Spring WR8 39.56648 -114.59594 12.0 4.2 7.67 -16.28 -120.7 50.10 17.40 3.35 0.77 1.40 227.00 12.30 11.30 <.05 67513 SC-3 Spring 336 11/04/07 
Kalamazoo Spring WR9 39.56648 -114.59594 11.8 6.9 7.50 -16.30 -121.3 45.70 16.20 3.15 0.68 1.79 225.00 12.60 11.40 0.1 67947 SC-3 Spring 336 03/02/08 
Kalamazoo Spring WR10 39.56648 -114.59594 11.7 6.9 7.67 -16.20 -120.4 48.20 16.40 3.44 0.78 1.79 220.00 12.10 11.50 0.0 68478 SC-3 Spring 336 05/31/08 
Kalamazoo Spring WR11 39.56648 -114.59594 12.4 7.3 7.52 -16.37 -120.0 48.20 17.20 3.17 0.74 1.84 222.00 12.00 11.10 0.0 68917 SC-3 Spring 336 09/13/08 
Kalamazoo Spring WR12 39.56648 -114.59594 12.3 7.0 7.55 -16.32 -121.4 47.90 17.30 3.38 0.92 1.80 218.00 12.00 11.00 0.1 69148 SC-3 Spring 336 11/01/08 
Kalamazoo Spring WR13 39.56648 -114.59594 11.9 6.9 7.58 -16.36 -121.6 48.50 16.90 3.25 0.76 1.70 213.00 11.60 11.50 0.0 69427 SC-3 Spring 336 01/16/09 
Kalamazoo Spring WR14 39.56648 -114.59594 10.3 7.6 7.57 -16.23 -118.9 46.90 12.00 3.27 0.70 1.46 195.00 8.91 11.30 0.0 69866 SC-3 Spring 336 05/21/09 
Kalamazoo Spring WR15 39.56648 -114.59594 -- -- -- -16.21 -120.3 47.90 15.80 3.11 0.69 1.90 209.00 10.70 11.40 0.0 69866 SC-3 Spring 336 08/15/09 
Kalamazoo Spring WR16 39.56648 -114.59594 -- -- -- -16.32 -121.1 48.00 16.50 3.28 0.82 1.97 225.00 11.50 10.80 0.0 70615 SC-3 Spring 336 11/15/09 
                      
Kane Springs (KSV-3) 37.24611 -114.70584 -- -- -- -12.60 -87.0 -- -- -- -- -- -- -- -- -- 193 Kirk1025 Spring 97 -- 
Kane Springs (KSV-3) 37.24611 -114.70584 16.4 -- 7.20 -11.90 -86.5 44.00 13.00 20.00 5.90 17.00 210.00 14.00 60.00 2.8 195 GS72 Spring 97 02/02/84 
Kane Springs (KSV-3) 37.24611 -114.70584 14.8 5.2 7.04 -11.88 -87.0 49.00 13.60 20.30 1.36 17.60 214.00 15.10 64.50 -- 58490 -- Spring 97 01/13/04 
                      
Kershaw-Ryan Spring #1 37.59028 -114.52010 20.0 6.5 8.40 -13.11 -95.1 24.20 2.66 26.50 4.38 6.30 140.00 4.40 46.10 -- 59701 -- Spring 250 03/27/04 
                      
Kiln Spring 37.80510 -114.16423 11.5 2.4 7.11 -12.34 -91.9 93.50 22.90 34.80 0.53 51.20 320.00 56.90 27.40 0.2 64904 MG-1 Spring 418 06/21/06 
                      
Lake Mead Base Well #3 36.23917 -115.00444 -- -- -- -13.80 -101.5 -- -- -- -- -- -- -- -- -- 19 PLC35 Well 12 -- 
                      
Lake Valley Well 38.35556 -114.58917 18.0 -- 8.10 -14.70 -111.0 61.00 9.70 22.00 2.10 68.00 121.00 25.00 25.00 0.2 365 GS147 Well 193 06/07/85 
                      
Lamb Spring 36.94500 -115.10583 13.5 -- -- -13.15 -92.5 37.00 41.00 8.70 0.60 8.60 -- 24.00 12.00 0.2 168 -- Spring 86 05/19/88 
                      
Lester Mathews Well 37.79361 -114.39972 20.0 -- 8.10 -13.30 -103.0 73.00 21.00 140.00 10.00 44.00 -- 170.00 64.00 3.1 289 GS104 Well 142 06/04/85 
                      
Lime Spring 37.91467 -114.54022 21.0 -- 8.30 -12.90 -97.0 55.00 31.00 3.80 0.90 4.10 290.00 8.90 14.00 0.1 315 GS118 Spring 160 04/07/85 
Lime Spring 37.91467 -114.54022 15.1 0.4 7.35 -13.41 -99.9 76.10 40.60 3.27 1.09 3.60 433.00 6.40 14.10 -- 60840 -- Spring 160 06/24/04 
                      
Lion Spring 38.25863 -114.13032 9.8 8.2 7.77 -14.11 -103.4 37.00 7.04 17.20 3.84 36.10 124.00 15.30 56.60 -- 60317 -- Spring 318 05/21/04 
                      
Lion Spring (Egan Range) 39.18037 -114.98444 12.5 5.1 7.28 -15.34 -114.8 64.50 13.20 13.70 4.61 15.40 237.00 28.70 42.30 0.1 65039 ER-13 Spring 430 07/12/06 
                      
Little Ash Spring  
(Ash Spring) 

37.46389 -115.19167 37.0 -- 7.36 -14.20 -107.2 45.27 15.40 29.80 7.30 9.50 250.00 35.00 31.54 0.8 229 IT33 Spring 111 08/08/95 

                      
Little Boulder Spring 37.71330 -114.95217 12.0 6.4 7.10 -13.06 -97.2 21.80 5.88 7.99 2.91 4.90 101.00 7.80 44.80 -- 59690 -- Spring 301 03/24/04 
                      
Little Currant Creek 38.83444 -115.35806 10.5 -- -- -15.00 -113.0 -- -- -- -- -- -- -- -- -- -- -- Surface 217 08/23/83 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 
Name Latitude 

Degrees 
Longitude 

Degrees 
Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

Little Spring (Grant 
Range) 

38.33197 -115.36050 14.7 1.7 6.90 -12.48 -99.4 -- -- -- -- -- -- -- -- -- 62828 --  Spring 369 06/30/05 

                      
Little Springs 
 (Clover Mts) 

37.53418 -114.35607 18.5 5.3 7.56 -12.78 -93.0 30.20 5.11 11.20 2.77 9.70 137.00 4.80 56.50 -- 61096 -- Spring 254 07/31/04 

Little Springs  
(Clover Mts) 

37.53418 -114.35607 17.1 6.7 6.81 -12.84 -93.5 29.60 4.73 10.80 2.45 8.60 112.00 5.00 46.60 -- 62403 DRI-CR-7  Spring 254 04/30/05 

                      
Little Cut Spring 37.69653 -115.37810 -- -- -- -12.93 -98.4 68.80 19.70 21.10 2.57 22.20 295.00 30.60 55.90 -- 60844  Spring 286 06/25/04 
Little Cut Spring 37.69653 -115.37810 10.4 4.8 6.77 -12.76 -98.2 75.00 21.00 22.80 2.30 21.10 302.00 33.10 52.20 -- 62410 DRI-MI-1  Spring 286 05/02/05 
                      
Little Tom Plain Spring 39.08092 -115.37152 8.0 7.2 6.70 -15.87 -121.8 -- -- -- -- -- -- -- -- -- 62712 DRI-WP-7  Spring 337 06/06/05 
Little Tom Plain Spring 
(RS) 

39.08103 -115.37172 8.9 5.7 7.13 -15.85 -120.1 66.80 5.61 19.30 2.63 14.70 231.00 19.80 47.30 0.3 65037 WP-12 Spring 337 07/11/06 

                      
Littlefield Spring 38.23125 -114.70223 14.9 5.0 7.02 -12.73 -98.5 67.10 13.30 16.30 2.75 22.50 254.00 20.90 47.50 -- 60847 -- Spring 275 06/26/04 
Littlefield Spring 38.23125 -114.70223 -- -- -- -12.40 -98.0 -- -- -- -- -- -- -- -- -- 112272 SNWA Spring 275 07/25/05 
                      
Lone Pine Spring 38.89556 -114.89944 -- -- -- -14.98 -109.2 -- -- -- -- -- -- -- -- -- -- -- Spring 223 10/13/03 
Lone Pine Spring 38.89556 -114.89944 8.0 7.4 7.50 -14.95 -111.5 67.00 4.20 3.50  1.60 224.00 3.70 17.00 <.1 434 GS214 Spring 223 08/01/85 
Lone Pine Spring 38.89556 -114.89944 7.0 7.1 7.44 -14.77 -110.0 72.50 3.80 4.35 1.27 2.30 220.00 6.00 27.60 0.1 65053 ER-27 Spring 223 07/13/06 
                      
Lower Chokecherry 
Spring 

37.53721 -114.69709 6.4 7.3 7.70 -12.98 -98.4 73.20 15.20 26.70 1.55 19.40 296.00 25.00 53.40 -- 59694 -- Spring 261 03/25/04 

                      
Lower Fairview 38.17573 -114.65551 -- -- -- -12.39 -97.5 -- -- -- -- -- -- -- -- -- -- -- Spring 281 06/29/04 
                      
Lower Indian Spring 37.45006 -114.65730 21.4 3.6 8.30 -12.62 -96.0 1.90 0.17 95.10 0.80 12.10 221.00 10.40 56.20 -- 58498 -- Spring 267 01/14/04 
                      
Lower Little Cherry Cr 
Spring 

38.16722 -115.65333 -- 8.0 7.55 -13.90 -103.0 -- -- -- -- -- 268.00 -- -- -- 346 GS135 Spring 182 07/31/85 

                      
Lower Pony Spring 38.31972 -114.60722 20.0 -- -- -13.20 -101.0 -- -- -- -- -- -- -- -- -- 359 GS142 Spring 190 07/23/81 
Lower Pony Spring 38.31972 -114.60722 14.0 -- 7.90 -13.30 -101.0 45.00 2.00 36.00 1.10 10.00 202.00 8.20 47.00 0.1 360 GS143 Spring 190 04/05/85 
                      
Unnamed Spring in  
Snow Creek  

40.07837 -114.91138 -- -- -- -16.24 -120.9 -- -- -- -- -- -- -- -- -- 62629B DRI-CC-3  Spring 338 05/24/05 

                      
Lund Spring 38.85000 -115.00250 19.0 5.7 7.49 -15.40 -113.0 56.00 23.00 3.80 0.90 2.80 270.00 11.00 11.00 0.1 429 GS210 Spring 221 04/27/82 
Lund Spring 38.85000 -115.00250 -- -- -- -15.37 -117.1 -- -- -- -- -- -- -- -- -- 68109 SNWA Spring 221 08/06/03 
Lund Spring 38.85000 -115.00250 -- -- -- -14.97 -115.3 -- -- -- -- -- -- -- -- -- 88478 SNWA Spring 221 06/24/04 
                      
M-8 Spring (Unnamed 
Spring) 

36.72083 -114.72750 -- -- -- -12.75 -99.0 -- -- -- -- -- -- -- -- -- 119 PLC15 Spring 68 10/30/85 

                      
M-9 Spring 
(Unnamed Spring) 

36.72583 -114.72722 -- -- -- -12.45 -96.5 -- -- -- -- -- -- -- -- -- 126 PLC16 Spring 70 10/30/85 

                      
Maynard Lake Spring 
(Unnamed Spring) 

37.19167 -115.03389 9.6 -- 7.90 -12.30 -94.0 43.00 23.00 114.00 14.00 30.00 405.00 88.00 -- -- 186 IT136 Spring 94 01/14/85 

                      
McDermitt Spring 38.25914 -114.63164 -- -- -- -11.21 -94.3 -- -- -- -- -- -- -- -- -- -- -- Spring 323 06/26/04 
                      
Meadow Valley Wash, 
Cal. 

37.63581 -114.51357 5.0 -- 7.80 -13.10 -97.0 58.00 25.00 94.60 15.40 59.10 387.00 66.20 59.00 2.0 271 E27 Surface 130 12/00/79 

                      
Meloy Spring 38.25181 -114.70497 14.4 6.9 7.15 -12.75 -99.8 68.10 12.20 16.40 4.40 24.90 248.00 18.10 54.20 -- 60845 -- Spring 276 06/26/04 
                      
Merril's Camp #39 38.18825 -113.86636 8.4 6.3 7.21 -14.13 -102.1 41.80 5.69 8.36 0.38 6.50 156.00 5.40 15.50 0.1 63597 -- Spring 410 11/19/05 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

Mesquite Wtr  
Bunkerville 1 

36.77528 -114.11806 23.0 -- 7.50 -13.51 -102.5 54.00 28.00 39.00 8.10 31.00 198.00 120.00 25.00 0.9 132 GS49 Well 74 08/17/94 

                      
Mesquite Wtr  
Bunkerville 2 

36.77417 -114.12889 23.0 -- 7.60 -13.51 -102.1 38.00 20.00 50.00 7.50 13.00 220.00 89.00 21.00 1.4 131 GS48 Well 73 08/18/94 

                      
Mesquite Wtr  
Virgin Vly  5 

36.77806 -114.08417 26.5 -- 7.40 -13.78 -103.3 110.00 54.00 100.00 7.60 100.00 145.00 440.00 22.00 0.3 133 GS50 Well 75 08/17/94 

                      
Mesquite Wtr  
Virgin Vly 25 

36.80833 -114.07250 23.0 -- 7.60 -12.85 -98.9 55.00 34.00 210.00 9.30 160.00 210.00 300.00 28.00 1.2 152 GS54 Well 79 08/18/94 

                      
Moapa Well 36.53139 -114.79667 -- -- -- -13.40 -99.0 -- -- -- -- -- -- -- -- -- 999 TH-1 Well 41 04/07/00 
                      
Mike's Spring 39.64370 -114.20490 10.7 6.4 6.77 -15.89 -121.1 61.90 18.90 31.80 1.81 29.20 246.00 34.80 27.50 0.4 63272 -- Spring 390 08/23/05 
                      
Mirant 36.41861 -114.95750 -- -- -- -13.23 -96.8 -- -- -- -- -- -- -- -- -- USGS 618 Well 622 06/04/03 
                      
Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 5.7 8.7 7.50 -15.58 -111.2 56.70 10.00 2.48 0.61 1.10 229.00 4.30 7.40 -- 57694 WP-1 Spring 320 10/12/03 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 6.0 8.5 7.46 -15.32 -113.3 76.00 7.73 2.68 0.70 1.10 259.00 3.30 9.00 -- 59578 WP-1 Spring 320 03/23/04 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 6.7 9.7 8.00 -15.62 -114.0 60.50 9.88 2.09 0.54 1.00 219.00 3.80 7.80 -- 60784 WP-1 Spring 320 06/21/04 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 7.3 10.1 7.41 -15.51 -115.7 60.80 10.90 3.17 1.00 1.20 231.00 4.20 7.50 -- 61478 WP-1 Spring 320 09/22/04 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 5.0 8.6 8.14 -15.58 -115.1 62.00 10.70 2.83 0.77 1.30 227.00 4.50 7.40 -- 61962 WP-1 Spring 320 01/21/05 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 6.4 9.4 6.61 -15.55 -112.3 -- -- -- -- -- -- -- -- -- 62632A WP-1 Spring 320 05/21/05 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 5.9 9.4 6.80 -15.63 -113.2 59.10 9.81 2.38 0.63 1.10 224.00 4.30 7.60 0.5 63218 WP-1 Spring 320 08/14/05 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 5.7 9.8 7.20 -15.65 -113.8 57.20 10.10 2.34 0.58 1.20 211.00 4.50 7.40 0.1 63561 WP-1 Spring 320 11/05/05 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 5.7 8.1 7.51 -15.69 -113.8 55.70 9.83 2.45 0.64 1.20 208.00 4.70 7.30 <.1 64235 WP-1 Spring 320 02/24/06 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 5.9 9.2 7.38 -15.38 -111.8 59.10 6.32 1.89 0.49 1.00 199.00 2.40 7.80 0.1 64733 WP-1 Spring 320 05/20/06 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 -- -- -- -15.63 -114.1 -- -- -- -- -- -- -- -- -- -- WP-1 Spring 320 07/11/06 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 5.7 8.4 7.12 -15.64 -114.7 56.20 10.10 2.41 0.58 1.28 217.00 4.77 7.39 0.1 65365 WP-1 Spring 320 08/29/06 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 5.6 8.3 7.20 -15.67 -114.5 56.00 10.20 2.48 0.62 1.21 209.00 4.55 7.28 0.1 65743 WP-1 Spring 320 11/15/06 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 5.9 -- 7.24 -15.61 -114.6 64.90 8.57 2.36 0.61 0.88 244.00 3.57 7.10 0.1 65743 WP-1 Spring 320 05/06/07 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 6.0 6.3 7.19 -15.64 -114.1 56.40 10.30 2.46 0.60 0.80 228.00 4.71 6.97 <.1 67246 WP-1 Spring 320 08/19/07 

Monitoring Spring WR1 
(White Pine Range) 

38.94951 115.40898 5.7 6.11 7.27 -15.68 -113.8 59.4 10.6 2.31 0.56 1 231 4.6 6.76 0.06 67509 WP-1 Spring 320 11/03/07 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 5.8 8.1 6.67 -15.70 -114.2 54.10 9.74 2.43 0.61 1.10 224.00 4.85 6.86 0.1 67950 WP-1 Spring 320 03/03/08 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 5.9 7.3 7.40 -15.59 -113.0 65.10 9.03 2.42 0.63 1.09 244.00 3.74 7.20 0.1 68483 WP-1 Spring 320 05/29/08 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 6.6 9.7 7.48 -15.69 -113.2 59.80 10.80 2.42 0.58 1.16 235.00 4.66 7.19 0.1 68918 WP-1 Spring 320 09/14/08 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 6.0 8.6 7.22 -15.68 -114.7 60.20 10.90 2.54 0.68 1.04 235.00 4.64 7.00 0.0 69149 WP-1 Spring 320 10/31/08 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 5.9 8.6 7.39 -15.66 -114.2 61.00 10.70 2.55 0.66 1.00 228.00 4.50 7.00 0.1 69428 WP-1 Spring 320 01/15/09 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 5.9 9.2 7.23 -15.90 -116.2 62.60 3.09 1.78 0.54 0.85 217.00 2.09 6.15 0.0 69861 WP-1 Spring 320 05/19/09 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 -- -- -- -15.69 -113.9 59.70 10.40 2.04 0.52 1.06 222.00 4.10 7.41 0.0 69861 WP-1 Spring 320 08/16/09 

Monitoring Spring WR1 
(White Pine Range) 

38.94903 -115.41008 -- -- -- -15.71 -114.6 58.90 10.40 2.39 0.64 1.14 236.00 4.33 6.85 0.1 70616 WP-1 Spring 320 11/16/09 

Monitoring Spring WR1 
(White Pine Range) 

38.94951 115.40898 -- -- -- -15.69 -114.9 63.5 9.16 2.37 0.54 1.2 235 3.4 7.3 0.06 70616 WP-1 Spring 320 06/18/10 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

Moon River Spring 38.35167 -115.18083 32.5 2.3 7.38 -15.80 -120.0 55.00 22.00 22.00 4.40 9.30 260.00 44.00 25.00 1.2 362 GS145 Spring 192 04/27/82 
                      
Moorman Spring 38.59472 -115.13833 37.0 1.7 7.03 -15.70 -119.0 58.00 19.00 24.00 5.90 9.90 -- 47.00 27.00 1.3 405 GS185 Spring 205 07/18/81 
Moorman Spring 38.59472 -115.13833 -- --  -15.54 -120.2 -- -- -- -- -- -- -- -- -- 88479 SNWA Spring 205 06/23/04 
                      
Mormon Well Spring 36.64389 -115.09778 11.5 -- 7.26 -12.90 -92.5 81.00 40.00 11.00 0.40 24.00 -- -- 16.00 0.1 94 GS32 Spring 53 10/27/81 
Mormon Well Spring 36.64389 -115.09778 10.0 5.1 7.60 -12.50 -91.0 65.00 41.00 12.00 1.00 12.00 395.00 21.00 16.00 0.1 95 GS33 Spring 53 05/09/83 
Mormon Well Spring 36.64389 -115.09778 12.0 -- 7.36 -12.60 -92.0 84.00 44.00 13.00 0.50 12.00 -- 23.00 17.00 0.2 96 GS34 Spring 53 10/07/87 
                      
Mud Spring (Buck Mts) 39.73587 -115.57036 11.6 9.4 6.90 -15.21 -117.6 -- -- -- -- -- -- -- -- -- 62705 DRI-BK-1  Spring 339 06/05/05 
                      
Mud Sp Barcass 34 
(Snake Range) 

39.32571 -114.26714 6.9 7.5 7.13 -15.43 -117.1 73.40 14.50 3.02 0.64 2.50 287.00 5.40 10.00 <.05 63528 -- Spring 404 10/25/05 

                      
Mud Spring 39.08160 -114.97241 12.4 5.0 7.31 -14.53 -111.0 62.40 11.20 14.10 0.57 8.60 235.00 18.40 15.20 0.1 65055 ER-29 Spring 446 07/13/06 
                      
Murphy Spring 38.33973 -115.44937 10.6 8.7 6.70 -15.40 -114.5 -- -- -- -- -- -- -- -- -- 62833 --  Spring 373 07/02/05 
                      
Mustang Spring 37.73553 -114.92166 10.0 3.4 7.00 -12.60 -91.0 111.00 7.98 17.30 6.49 11.40 346.00 58.00 58.00 -- 277 K6 Spring 135 01/14/85 
Mustang Spring 37.73553 -114.92166 13.4 6.2 6.80 -12.37 -90.0 105.00 7.77 18.40 6.77 9.90 319.00 61.60 62.10 -- 59691 -- Spring 135 03/24/04 
                      
Mustang Spring (Snake) 38.86257 -114.27179 4.3 8.4 7.09  -15.30 -111.0 68.00 4.58 1.32 0.36 0.80 5.50 218.00 5.70 2.2 62915 SN-6 Spring 382 07/14/05 
                      
MVW above Eagle 
Canyon 

38.02778 -114.18583 19.0 -- 8.20 -12.00 -93.0 -- -- -- -- -- -- -- -- -- 328 E6 Surface 168 04/09/85 

                      
Narrow Canyon Spring 37.36729 -114.67807 9.9 5.8 7.20 -12.47 -92.5 61.90 12.70 17.70 1.87 17.90 228.00 20.80 47.20 -- 59683  Spring 257 03/22/04 
                      
Nellis AFB #4 36.24889 -115.00417 -- -- -- -13.20 -95.0 -- -- -- -- -- -- -- -- -- 20 PLC36 Well 13 -- 
                      
Nellis AFB Well #13 36.21222 -115.05000 -- -- -- -13.80 -98.0 -- -- -- -- -- -- -- -- -- 18 PLC34 Well 11 -- 
                      
Newels Spring 37.90248 -114.03202 21.5 7.2 7.74 -12.48 -96.0 88.00 16.90 22.60 2.39 39.00 289.00 36.50 36.10 0.5 64909 MG-6 Spring 423 06/22/06 
                      
Nicholas Spring 38.91062 -115.06142 22.0 3.4 7.75 -16.10 -124.0 42.00 19.00 13.00 3.30 24.00 180.00 40.00 20.00 0.6 440 GS219 Spring 227 04/27/82 
                      
North Creek Spring 38.71056 -114.73056 8.5 -- 6.90 -14.60 -105.0 9.10 1.60 2.20 0.90 1.30 25.00 3.80 12.00 0.4 420 GS198 Spring 214 04/03/85 
                      
North Lee Well 37.82444 -114.38444 22.0 --3 8.00 -13.30 -101.0 59.00 12.00 44.00 9.90 48.00 220.00 33.00 54.00 1.0 299 GS109 Well 147 06/04/85 
                      
North Spring 39.15611 -114.96306 5.5 -- -- -15.00 -113.0 -- -- -- -- 4.20 -- -- -- -- 459 GS245 Spring 237 06/17/83 
North Springs 39.15490 -114.96278 6.3 7.1 7.42 -15.21 -111.7 54.30 9.63 3.44 0.52 1.40 201.00 10.70 9.30 0.1 65041 ER-15 Spring 237 07/12/06 
                      
Oak Spring 37.60547 -114.71015 10.5 7.1 7.05 -11.87 -90.0 84.90 16.50 64.10 1.97 41.10 355.00 34.20 56.50 -- 58502 -- Spring 269 01/16/04 
                      
Ox Valley Spring 37.97053 -114.05966 8.8 6.0 7.02 -13.95 -100.0 37.50 6.97 5.23 0.50 4.60 118.00 25.00 12.40 0.6 64908 MG-5 Spring 422 06/22/06 
                      
Oxborrow Well 37.88611 -114.30472 11.5 -- 7.90 -11.80 -92.0 130.00 22.00 65.00 11.00 140.00 351.00 63.00 58.00 0.8 303 GS112 Well 150 06/05/85 
                      
Pahroc Spring 37.66466 -114.98065 16.0 0.8 7.60 -12.50 -89.0 30.90 8.28 12.30 5.63 11.70 135.00 11.40 59.00 -- 272 K5 Spring 131 01/14/85 
Pahroc Spring 37.66466 -114.98065 14.4 5.7 7.40 -12.65 -94.0 25.60 6.69 40.10 5.72 13.10 169.00 12.90 66.80 -- 58494  Spring 131 01/16/04 
Pahroc Spring 37.66466 -114.98065 -- -- -- -12.55 -93.9 -- -- -- -- -- -- -- -- -- 111191/12

0746 
SNWA Spring 131 04/05/05 

Pahroc Spring 37.66466 -114.98065 16.0 7.3 6.61 -12.79 -93.5 31.30 8.33 12.70 5.16 12.60 134.00 12.80 62.10 -- 61106C DRI-PR-1  Spring 131 04/30/05 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

Panaca Spring 37.80754 -114.38086 29.0 5.6 7.80 -13.90 -106.0 32.00 9.80 36.00 6.80 15.00 -- 29.00 45.00 1.6 294 GS107 Spring 144 04/26/84 
Panaca Spring 37.80754 -114.38086 29.5 -- 7.90 -14.00 -108.0 34.00 10.00 38.00 7.10 16.00 -- 25.00 50.00 1.5 292 GS105 Spring 144 04/08/85 
Panaca Spring 37.80754 -114.38086 28.5 6.2 7.79 -14.20 -106.5 33.00 10.00 37.00 6.70 17.00 -- 27.00 48.00 1.4 293 GS106 Spring 144 11/11/86 
Panaca Spring 37.80754 -114.38086 -- -- -- -- -107.0 -- -- -- -- -- -- -- -- -- 293 DRI Spring 144 11/11/86 
Panaca Spring 37.80754 -114.38086 28.4 4.0 7.83 -14.11 -107.4 32.40 10.40 38.00 7.43 17.80 176.00 30.40 52.40 -- 61619 -- Spring 144 10/20/04 
Panaca Spring 37.80754 -114.38086 28.6 5.4 7.68 -14.25 -107.9 32.60 10.30 37.90 7.19 17.30 177.00 29.30 49.70 -- 61969 -- Spring 144 01/24/05 
Panaca Spring 37.80754 -114.38086 28.3 4.7 7.04 -14.15 -107.1 -- -- -- -- -- -- -- -- -- 62626 DRI-MW-1 Spring 144 05/20/05 
Panaca Spring 37.80754 -114.38086 28.9 4.4 7.04 -14.17 -106.4 -- -- -- -- -- -- -- -- -- 63231 DRI-MW-1 Spring 144 08/16/05 
Panaca Spring 37.80754 -114.38086 28.7 4.6 7.60 -14.18 -106.8 30.00 10.30 37.60 7.00 17.40 179.00 29.10 49.00 1.4 63571 -- Spring 144 11/09/05 
Panaca Spring 37.80754 -114.38086 28.8 4.2 7.71 -14.20 -105.8 34.20 10.20 37.90 6.97 17.90 178.00 29.70 48.80 1.5 64169 MW-1 Spring 144 02/17/06 
Panaca Spring 37.80754 -114.38086 28.8 5.9 7.80 -14.17 -107.1 32.60 9.97 37.00 9.66 18.20 180.00 30.70 50.20 1.5 64743 MW-1 Spring 144 05/22/06 
Panaca Spring 37.80754 -114.38086 29.1 5.9 7.67 -14.24 -107.0 32.60 10.20 34.60 6.06 17.80 184.00 30.50 49.80 1.5 65289 MW-1 Spring 144 08/23/06 
Panaca Spring 37.80754 -114.38086 28.9 4.4 7.62 -14.14 -106.9 32.70 10.00 37.00 1.74 17.30 175.00 29.80 49.90 1.5 65654 MW-1 Spring 144 10/28/06 
                      
Panaca Town Well 37.79722 -114.39917 29.5 -- 7.90 -14.00 -106.0 45.00 1.00 47.00 8.30 19.00 203.00 68.00 58.00 1.8 291 E16 Well 143 06/04/85 
                      
Parsnip Spring 38.14944 -114.26250 19.0 -- 7.70 -12.80 -93.5 16.00 3.00 12.00 2.20 7.50 70.00 9.10 41.00 0.1 344 GS134 Spring 180 06/05/85 
                      
Patterson Pass Spring 
WR3  

38.60280 -114.71481 12.0 6.0 6.60 -14.91 -106.5 -- -- -- -- -- -- -- -- -- 57755 SC-2 Spring 305 10/30/03 

Patterson Pass Spring 
WR3 (duplicate sample) 

38.60280 -114.71481 -- -- -- -14.94 -109.2 -- -- -- -- -- -- -- -- -- 57755 SC-2 Spring 305 10/30/03 

Patterson Pass Spring 
WR3  

38.60280 -114.71481 11.8 3.6 6.07 -14.75 -106.2 19.50 3.83 1.99 1.42 0.90 68.60 9.60 10.80 -- 59579 SC-2 Spring 305 03/24/04 

Patterson Pass Spring 
WR3  

38.60280 -114.71481 11.5 6.2 7.10 -14.84 -109.1 19.80 4.62 3.00 1.46 1.20 67.00 9.80 11.10 -- 60786 SC-2 Spring 305 06/23/04 

Patterson Pass Spring 
WR3 

38.60280 -114.71481 12.0 5.9 7.45 -14.79 -107.9 18.50 3.86 1.94 1.39 0.90 66.50 9.40 10.20 -- 61480 SC-2 Spring 305 09/23/04 

Patterson Pass Spring 
WR3  

38.60280 -114.71481 11.7 5.5 6.82 -14.77 -108.3 20.50 4.14 2.20 1.46 1.20 71.60 9.80 10.50 -- 61967 SC-2 Spring 305 01/23/05 

Patterson Pass Spring 
WR3  

38.60280 -114.71481 11.4 6.0 6.66 -14.71 -106.8 -- -- -- -- -- -- -- -- -- 61481 SC-2  Spring 305 05/20/05 

Patterson Pass Spring 
WR3  

38.60280 -114.71481 -- -- -- -14.83 -107.6 18.80 3.66 1.89 1.41 1.00 65.50 8.70 10.10 0.7 63220 SC-2  Spring 305 08/15/05 

Patterson Pass Spring 
WR3 

38.60280 -114.71481 12.1 6.1 6.97 -14.87 -107.5 19.30 3.74 1.90 1.35 1.10 63.80 8.70 10.00 0.4 63566 SC-2 Spring 305 11/07/05 

Patterson Pass Spring 
WR3 

38.60280 -114.71481 11.8 7.1 6.78 -14.91 -108.1 19.60 3.82 1.86 1.23 1.12 65.90 9.10 10.20 0.5 65371 SC-2 Spring 305 08/31/06 

Patterson Pass Spring 
WR3 

38.60280 -114.71481 12.2 6.8 6.87 -14.89 -108.4 19.20 3.81 2.07 1.43 1.00 66.30 8.80 10.10 0.5 65653 SC-2 Spring 305 10/28/06 

Patterson Pass Spring 
WR3  

38.60280 -114.71481 11.9 6.4 6.52 -14.90 -106.9 19.40 3.68 1.86 1.42 1.20 65.00 8.80 10.10 0.5 64239 SC-2 Spring 305 02/26/06 

Patterson Pass Spring 
WR3  

38.60280 -114.71481 11.7 7.5 6.95 -14.86 -108.5 19.20 3.80 2.20 1.20 1.20 67.20 9.10 10.20 0.5 64738 SC-2 Spring 305 05/23/06 

Patterson Pass Spring 
WR3  

38.60280 -114.71481 -- -- -- -14.86 -107.9 -- -- -- -- -- -- -- -- -- -- SC-2 Spring 305 07/14/06 

Patterson Pass Spring 
WR3 

38.60280 -114.71481 11.7 -- 6.60 -14.96 -108.5 19.90 3.82 1.99 1.40 0.95 69.00 8.37 9.59 0.5 65653 SC-2 Spring 305 05/07/07 

Patterson Pass Spring 
WR3 

38.60280 -114.71481 12.0 5.1 6.80 -14.87 -108.2 19.30 3.81 1.97 1.38 0.97 71.00 9.16 9.72 0.1 67248 SC-2 Spring 305 08/20/07 

Patterson Pass Spring 
WR3 

38.60280 -114.71481 12.2 3.3 6.79 -14.90 -107.3 20.10 3.93 2.09 1.39 1.00 70.00 9.10 9.50 0.5 67508 SC-2 Spring 305 11/02/07 

Patterson Pass Spring 
WR3 

38.60280 -114.71481 11.8 5.2 6.39 -14.94 -107.7 18.20 3.67 2.03 1.40 1.00 71.50 9.16 9.34 0.5 67951 SC-2 Spring 305 03/04/08 

Patterson Pass Spring 
WR3 

38.60280 -114.71481 11.7 5.1 6.83 -14.93 -106.9 18.70 3.91 2.05 1.37 1.04 69.50 9.22 9.40 0.5 68476 SC-2 Spring 305 05/30/08 

Patterson Pass Spring 
WR3 

38.60280 -114.71481 12.0 6.2 6.90 -14.95 -106.6 18.80 3.91 1.90 1.30 1.03 71.70 9.44 9.92 0.5 68911 SC-2 Spring 305 09/11/08 

Patterson Pass Spring 
WR3 

38.60280 -114.71481 12.2 5.7 6.51 -14.95 -107.8 19.40 3.95 2.03 1.47 0.93 72.70 9.45 9.52 0.5 69142 SC-2 Spring 305 10/31/08 

Patterson Pass Spring 
WR3 

38.60280 -114.71481 12.1 6.1 6.82 -14.96 -107.2 19.80 3.94 2.06 1.45 0.90 77.50 9.00 9.80 0.5 69423 SC-2 Spring 305 01/14/09 

Patterson Pass Spring 
WR3 

38.60280 -114.71481 11.6 5.9 6.76 -14.87 -106.1 19.30 3.90 2.05 1.36 0.90 69.10 9.41 9.54 0.5 69860 SC-2 Spring 305 05/18/09 

Patterson Pass Spring 
WR3 

38.60280 -114.71481 -- -- -- -14.93 -107.7 17.90 3.83 1.85 1.36 0.86 68.60 9.19 10.00 0.5 69860 SC-2 Spring 305 08/17/09 

Patterson Pass Spring 
WR3 

38.60280 -114.71481 -- -- -- -14.95 -108.1 19.50 3.91 2.00 1.75 1.04 72.30 9.52 9.47 0.5 70613 SC-2 Spring 305 11/15/09 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

Peach Spring 36.95444 -114.28972 15.1 -- -- -10.40 -76.5 -- -- -- -- -- -- -- -- -- 173 GS62 Spring 88 02/06/84 
                      
Pederson's East 36.70933 -114.71556 32.0 2.4 7.31 -12.92 -97.0 64.30 28.50 96.40 11.60 66.10 255.00 178.00 30.30 -- 58497 DRI-MV-2 Spring 290 01/12/04 
Pederson's East 36.70933 -114.71556 31.9 2.7 7.38 -12.92 -97.0 64.60 27.60 94.20 11.10 61.40 264.00 181.00 29.10 -- 60307 DRI-MV-2 Spring 290 05/18/04 
Pederson's East 36.70933 -114.71556 -- -- -- -12.98 -98.4 68.20 28.30 94.00 11.30 61.50 257.00 178.00 31.20 -- 61613 DRI-MV-2 Spring 290 10/19/04 
Pederson's East 36.70933 -114.71556 31.2 3.2 7.37 -12.89 -98.3 64.40 27.70 95.60 11.20 62.00 253.00 181.00 29.50 -- 62032 DRI-MV-2 Spring 290 02/10/05 
Pederson's East 36.70933 -114.71556 32.0 3.0 6.80 -12.96 -98.3 -- -- -- -- -- -- -- -- -- 62033 DRI-MV-2  Spring 290 06/08/05 
Pederson East 36.70933 -114.71556 31.6 2.7 7.32 -13.00 -97.5 64.80 27.70 95.70 10.10 61.00 254.00 180.00 29.10 2.2 64173 MV-2 Spring 290 02/16/06 
Pederson East 36.70933 -114.71556 31.7 2.7 7.28 -13.02 -97.7 63.40 27.30 92.70 11.10 61.70 253.00 182.00 29.40 2.2 64901 MV-2 Spring 290 06/21/06 
Pederson East 36.70933 -114.71556 32.0 2.8 7.25 -13.06 -97.4 64.80 28.10 86.00 9.64 61.80 257.00 183.00 29.10 2.2 65287 MV-2 Spring 290 08/23/06 
Pederson East 36.70933 -114.71556 31.9 2.6 7.30 -13.03 -98.7 63.90 27.80 93.30 11.00 59.30 253.00 179.00 29.00 2.2 65663 MV-2 Spring 290 10/30/06 
                      
Pederson's Warm Spring 
(M-13) 

36.70958 -114.71594 -- -- -- -- -98.0 -- -- -- -- -- -- -- -- -- 113.2 jim Spring 67 1/00/69 

Pederson's Warm Spring 
(M-13) 

36.70958 -114.71594 -- -- -- -- -97.0 -- -- -- -- -- -- -- -- -- 113.2 jim Spring 67 3/00/70 

Pederson's Warm Spring 
(M-13) 

36.70958 -114.71594 32.5 -- 7.20 -12.90 -96.5 66.00 26.00 96.00 10.00 61.00 270.00 190.00 62.06 2.1 113 IT249 Spring 67 07/22/81 

Pederson's Warm Spring 
(M-13) 

36.70958 -114.71594 -- -- -- -12.75 -97.0 -- -- -- -- -- -- -- -- -- 118 PLC17 Spring 67 10/30/85 

Pederson's Warm Spring 
(M-13) 

36.70958 -114.71594 -- -- -- -13.05 -99.0 -- -- -- -- -- -- -- -- -- 115 IT251 Spring 67 01/07/88 

Pederson's Warm Spring 
(M-13) 

36.70958 -114.71594 -- -- -- -12.85 -96.9 -- -- -- -- -- -- -- -- -- USGS -- spring 67 07/30/03 

Pederson's Warm Spring 
(M-13) 

36.70958 -114.71594 31.6 2.2 7.29 -12.91 -97.2 65.30 28.40 99.20 11.40 67.70 261.00 189.00 28.40 -- 58488 DRI-MV-1 Spring 67 01/12/04 

Pederson's Warm Spring 
(M-13) 

36.70958 -114.71594 31.1 3.8 7.42 -12.85 -97.5 65.40 27.80 97.20 10.90 65.90 265.00 184.00 29.20 -- 60306 DRI-MV-1 Spring 67 05/18/04 

Pederson's Warm Spring 
(M-13) 

36.70958 -114.71594 -- -- -- -12.92 -97.4 64.50 27.80 97.20 11.00 63.00 257.00 183.00 30.60 -- 61617 DRI-MV-1 Spring 67 10/19/04 

Pederson's Warm Spring 
(M-13) 

36.70958 -114.71594 31.2 3.0 7.31 -12.91 -98.0 64.80 27.40 98.80 10.90 63.20 256.00 186.00 29.80 -- 62031 DRI-MV-1 Spring 67 02/10/05 

Pederson's Warm Spring 
(M-13) 

36.70958 -114.71594 31.9 3.6 7.00 -12.91 -97.6 -- -- -- -- -- -- -- -- -- 62032 DRI-MV-1  Spring 67 06/08/05 

Pederson's Warm Spring 
(M-13) 

36.70958 -114.71594 31.3 2.7 7.34 -13.02 -97.2 66.60 27.70 99.20 10.60 62.40 255.00 185.00 29.40 2.2 64172 MV-1 Spring 67 02/16/06 

Pederson's Warm Spring 
(M-13) 

36.70958 -114.71594 31.6 4.3 7.39 -12.98 -98.1 64.10 27.20 95.20 10.90 62.90 255.00 186.00 29.10 2.2 64900 MV-1 Spring 67 06/21/06 

Pederson's Warm Spring 
(M-13) 

36.70958 -114.71594 31.8 2.9 7.24 -13.01 -97.7 65.30 28.20 90.00 9.30 63.70 251.00 187.00 29.20 2.2 65286 MV-1 Spring 67 08/23/06 

Pederson's Warm Spring 
(M-13) 

36.70958 -114.71594 31.5 2.3 7.35 -13.04 -97.3 64.80 27.80 97.00 10.90 61.30 254.00 184.00 28.80 2.2 65664 MV-1 Spring 67 10/30/06 

                      
Perry Sp Barcass 37 38.33285 -114.97586 12.1 4.8 7.06 -15.04 -107.7 78.90 20.90 24.10 2.64 19.10 333.00 25.10 27.90 0.2 63531 -- Spring 408 10/27/05 
                      
Pine Spring 37.90800 -114.55132 4.5 -- -- -13.40 -99.0 -- -- -- -- -- -- -- -- -- 312 GS116 Spring 157 04/07/85 
Pine Spring 37.90800 -114.55132 -- -- -- -13.33 -99.0 -- -- -- -- -- -- -- -- -- -- -- Spring 157 06/24/04 
                      
Pine Springs (Egan 
Range) 

39.11755 -114.94425 8.7 7.9 7.90 -15.71 -116.0 71.10 9.58 3.69 0.46 0.70 246.00 13.90 10.90 0.1 65043 ER-17 Spring 434 07/12/06 

                      
Preston Big Spring 38.93331 -115.08222 21.0 3.1 7.70 -15.60 -126.0 44.00 20.00 13.00 2.90 14.00 185.00 36.00 20.00 0.4 450 GS224 Spring 231 06/16/83 
Preston Big Spring 38.93331 -115.08222 22.0 3.1 7.65 -15.90 -123.0 45.00 20.00 13.00 3.00 15.00 -- 38.00 19.00 0.4 452 GS226 Spring 231 06/26/84 
Preston Big Spring 38.93331 -115.08222 -- -- -- -15.99 -121.8 -- -- -- -- -- -- -- -- -- 68111 SNWA Spring 231 08/06/03 
Preston Big Spring 38.93331 -115.08222 -- -- -- -15.66 -123.1 -- -- -- -- -- -- -- -- -- 88482 SNWA Spring 231 06/24/04 
Preston Big Spring 38.93331 -115.08222 21.2 2.6 7.32 -15.87 -122.6 40.70 19.40 13.60 3.11 15.90 182.00 37.70 19.90 -- 61483 DRI-WV-1 Spring 231 09/25/04 
Preston Big Spring 38.93331 -115.08222 20.8 3.1 7.64 -15.89 -122.4 41.90 19.80 13.00 3.23 16.00 176.00 38.10 19.90 -- 61968 DRI-WV-1 Spring 231 01/24/05 
Preston Big Spring 38.93331 -115.08222 21.1 3.1 7.52 -15.86 -120.0 -- -- -- -- -- -- -- -- -- 62627 DRI-WV-1  Spring 231 05/21/05 
Preston Big Spring 38.93331 -115.08222 21.1 3.0 7.04 -15.88 -121.2 -- -- -- -- -- -- -- -- -- 63227 DRI-WV-1  Spring 231 08/14/05 
Preston Big Spring 38.93331 -115.08222 20.9 2.6 7.77 -15.86 -120.4 41.90 19.60 12.60 3.08 15.80 174.00 38.10 20.00 0.3 63563 -- Spring 231 11/06/05 
Preston Big Spring 38.93331 -115.08222 21.3 3.8 7.66 -15.95 -121.8 41.60 19.20 13.20 3.16 16.50 175.00 39.90 20.40 0.4 64735 WV-1 Spring 231 05/20/06 
Preston Big Spring 38.93331 -115.08222 - - - -15.98 -121.7 - - - - - - - - - -- WV-1 Spring 231 07/12/06 
Preston Big Spring 38.93331 -115.08222 21.0 2.7 7.54 -15.96 -121.6 42.00 19.70 12.50 2.94 16.10 183.00 39.60 19.90 0.4 65366 WV-1 Spring 231 08/29/06 
Preston Big Spring 38.93331 -115.08222 21.0 3.0 7.66 -15.88 -120.9 41.80 19.60 12.70 3.16 15.60 174.00 39.00 19.80 0.4 65652 WV-1 Spring 231 10/27/06 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

Quaking Aspen Spring 37.37563 -114.24255 9.6 3.2 6.18 -12.98 -93.6 13.80 3.68 11.40 1.48 4.10 83.30 2.10 49.60 -- 61100 -- Spring 255 07/31/04 
                      
Rabbit Brush 39.18383 -114.27363 -- -- -- -15.50 -117.1 -- -- -- -- -- -- -- -- -- -- -- Spring 412 10/26/05 
                      
Railroad Well 37.35111 -114.53389 16.0 -- 7.60 -11.60 -86.0 42.00 14.00 98.00 8.80 42.00 300.00 60.00 51.00 2.3 204 GS77 Well 103 01/31/84 
                      
Railroad Well (Farrier, 
NV) 

36.81361 -114.65389 22.8 -- 8.00 -12.50 -97.5 84.00 31.00 150.00 19.00 52.00 64.00 550.00 23.00 1.6 154 USGS Well 80 02/04/84 

                      
Raised Sp Barcass 36 38.97259 -114.37041 10.8 7.6 6.07 -13.54 -103.7 7.01 1.77 2.38 0.66 1.00 31.20 2.40 11.40 0.1 63532 -- Spring 407 10/27/05 
                      
Ram. Res. Wtr  
Supply Well 

39.74333 -115.45111 11.9 50.0 8.02 -16.75 -129.5 -- -- -- -- -- 155.00 -- -- -- 470 GS261 Well 244 07/19/85 

                      
Ramone Mathews Well 37.52667 -114.24417 18.5 -- 7.80 -12.30 -92.0 42.00 6.30 20.00 5.90 15.00 171.00 12.00 61.00 0.3 233 GS86 Well 115 06/03/85 
                      
Randono Well 37.32389 -114.50222 17.2 -- 7.60 -11.70 -87.5 46.00 14.00 100.00 8.40 44.00 350.00 63.00 54.00 2.3 200 GS75 Well 100 02/03/84 
                      
Rattlesnake Spring 37.82624 -114.93012 14.1 7.4 7.80 -12.65 -97.3 47.60 7.50 27.60 5.16 16.50 199.00 19.30 52.50 -- 59692 -- Spring 302 03/24/04 
                      
Red Rock Spring 37.56698 -114.75320 10.0 -- 7.32 -12.30 -95.0 85.40 13.30 28.40 2.40 15.70 332.00 16.30 41.10 -- 58495 -- Spring 256 01/10/04 
                      
Reed Spring 37.55731 -115.41800 -- -- -- -14.24 -98.4 49.60 14.20 13.70 2.78 17.30 199.00 18.90 43.90 -- 60843 -- Spring 289 06/25/04 
                      
Ripgut Sp #40 38.24802 -114.03920 18.7 5.7 6.95 -14.38 -106.4 25.20 4.58 18.20 8.17 17.00 116.00 6.40 63.50 0.2 63598 -- Spring 411 11/19/05 
                      
Robison Spring 38.21273 -114.70636 -- -- -- -12.34 -97.9 -- -- -- -- -- -- -- -- -- -- -- Spring 279 06/29/04 
                      
Robbers Roost #2 Spring 
(Butte) 

39.49596 -115.28046 12.7 1.3 6.20 -14.39 -112.0 -- -- -- -- -- -- -- -- -- 62703 DRI-BT-5  Spring 340 06/04/05 

                      
Robbers Roost Spring 
(Schell Ck) 

38.77051 -114.78331 -- -- -- -14.75 -109.7 58.80 27.90 11.20 0.56 7.20 304.00 21.70 14.30 0.1 62978 SC-5 Spring 389 07/31/01 

Robbers Roost Spring 
(Schell Ck) 

38.77051 -114.78331 -- -- -- -14.15 -109.2 -- -- -- -- -- -- -- -- -- 68116 SNWA Spring 389 08/06/03 

                      
Rock Springs 39.85979 -114.47277 9.4 5.1 6.05 -15.17 -118.4 50.00 8.01 12.50 0.91 5.80 188.00 15.70 38.20 0.1 63281 -- Spring 399 08/25/05 
                      
Rogers Spring 36.37750 -114.44389 30.5 2.3 7.02 -12.20 -92.0 410.00 140.00 280.00 21.00 330.00 -- 1600.00 18.00 1.3 35 GS10 Spring 21 07/21/81 
Rogers Spring 36.37750 -114.44389 30.0 -- 7.48 -12.40 -92.0 423.00 143.00 291.00 22.70 327.00 161.00 1620.00 16.80 1.4 33 PL11 Spring 21 03/19/92 
Rogers Spring 36.37750 -114.44389 30.0 2.6 7.03 -12.40 -91.0 -- -- -- -- -- -- -- -- -- 32 PL11 Spring 21 02/08/96 
                      
Ryans Spring D 38 38.33121 -113.92855 8.0 2.2 7.07 -13.68 -103.5 80.80 8.31 24.90 0.91 41.50 264.00 22.80 33.30 0.1 63596 -- Spring 409 11/19/05 
                      
Rye Patch Spring 36.57967 -115.30586 9.7 8.1 7.54 -12.31 -89.3 49.50 24.20 16.00 1.98 17.50 218.00 22.00 13.70 -- 62397 DRI-SR-5  Spring 341 04/28/05 
                      
                      
Saddle Spring (White 
Pine) 

38.97541 -115.40023 -- -- -- -15.00 -116.0 -- -- -- -- 3.10 -- -- -- -- 438 GS217 Spring 357 06/15/83 

Saddle Spring (White 
Pine) 

38.97541 -115.40023 7.6 6.9 6.20 -15.66 -118.6 -- -- -- -- -- -- -- -- -- 62820 WP-2  Spring 357 06/28/05 

Saddle Spring (White 
Pine) 

38.97541 -115.40023 -- -- -- -15.70 -115.7 -- -- -- -- -- -- -- -- -- -- WP-2 Spring 357 10/12/03 

                      
Sage Hen Spring 39.11533 -115.39212 7.7 7.0 6.20 -14.76 -112.4 -- -- -- -- -- -- -- -- -- 62714 DRI-WP-9  Spring 342 06/06/05 
                      
Sand Spring 39.33056 -115.45500 13.0 -- -- -16.20 -123.0 -- -- -- -- -- -- -- -- -- 465 GS250 Spring 239 07/14/81 
                      
Sammy Spring 39.43597 -115.32453 11.6 6.9 6.93 -15.30 -117.6 -- -- -- -- -- -- -- -- -- 62628 DRI-BT-2  Spring 343 05/24/05 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

Sandstone Spring 36.21111 -114.55667 11.0 2.0 7.03 -10.50 -79.0 209.00 79.20 21.90 4.96 16.90 249.00 725.00 13.80 -- 17 PL16 Spring 10 02/07/96 
                      
Sawmill Spring (Sheep) 36.68056 -115.17611 -- -- -- -12.85 -92.0 12.00 29.00 1.80 0.60 2.10 -- 5.90 6.10 0.2 101 GS36 Spring 58 05/19/88 
                      
Sawmill Spring  
(Delamar Range) 

37.36762 -114.69708 10.3 10.3 6.90 -12.58 -88.7 56.20 10.40 18.90 2.18 16.60 220.00 19.00 41.70 -- 59685 -- Spring 259 03/22/04 

                      
Sawmill Spring West 37.36734 -114.69749 9.7 6.6 6.50 -12.86 -91.8 33.90 4.55 12.10 2.00 7.40 146.00 7.00 36.80 -- 59684 -- Spring 258 03/22/04 
                      
Scirpus Spring  
(No spring on Map) 

36.37694 -114.44917 17.0 0.7 7.13 -12.00 -90.0 513.00 186.00 350.00 25.30 386.00 266.00 2040.00 20.40 -- 30 PL12 Spring 20 02/07/96 

                      
Scotty Spring 38.16479 -114.68374 14.2 1.9 7.07 -12.73 -98.9 67.30 12.60 23.00 1.36 30.70 254.00 21.10 44.60 -- 60846  Spring 272 06/26/04 
                      
Seaman Spring 37.86120 -115.19877 -- -- -- -13.13 -99.0 -- -- -- -- -- -- -- -- -- -- -- Spring 306 06/25/04 
                      
Second Sawmill Spring 38.87583 -114.89861 6.5 -- -- -14.70 -110.0 -- -- -- -- -- -- -- -- -- 431 GS212 Spring 222 08/01/85 
                      
Secret Spring 38.83889 -115.28972 -- -- -- -14.00 -110.0 -- -- -- -- 11.00 -- -- -- -- 427 GS208 Spring 220 06/16/83 
                      
Sheep Spring (Clover) 37.40063 -114.27779 10.0 -- 6.80 -12.00 -87.0 24.00 5.00 9.80 1.30 7.90 96.00 7.00 33.00 0.7 209.5 Jim Spring 108 06/03/85 
Sheep Spring (Clover) 37.40063 -114.27779 18.5 1.1 6.90 -12.06 -90.5 32.70 6.46 11.80 2.01 9.80 143.00 5.10 45.50 -- 61097 DRI-CR-9 Spring 108 07/31/04 
                      
Sheep Spring (Schell Ck) 38.67611 -114.77667 14.0 6.7 6.63 -13.70 -99.5 8.00 2.10 2.80 -- 1.50 46.00 4.10 14.00 <.1 418 GS194 Spring 212 08/02/85 
                      
Sheep Spring (Sheep 
Range) 

36.89500 -115.11472 15.0 6.5 7.75 -13.35 -96.0 31.00 40.00 7.90 1.10 7.10 -- 13.00 13.00 0.2 159 GS57 Spring 83 05/19/88 

                      
Shellback Spring 39.13197 -115.38436 7.7 8.8 6.50 -16.54 -123.6 -- -- -- -- -- -- -- -- -- 62719 DRI-WP-14  Spring 344 06/07/05 
                      
Shingle Spring 38.53972 -114.93472 15.0 -- -- -13.25 -103.5 -- -- -- -- -- -- -- -- -- 388 GS168 Spring 203 08/03/85 
Shingle Spring 38.53958 -114.93553 15.2 4.3 7.15 -13.41 -103.8 61.70 18.80 15.60 2.51 16.20 260.00 23.30 44.80 0.2 65048 ER-22 Spring 203 07/13/06 
                      
Sidehill Spring 38.41596 -114.79613 13.0 -- -- -13.05 -100.0 -- -- -- -- -- -- -- -- -- 377 GS160 Spring 200 08/02/85 
Sidehill Spring 38.41596 -114.79613 -- -- -- -13.10 -101.8 -- -- -- -- -- -- -- -- -- 88483 SNWA Spring 200 06/21/04 
Sidehill Spring 38.41596 -114.79613 12.6 6.3 6.76 -13.37 -100.8 50.90 16.60 12.50 1.14 6.90 242.00 11.90 51.40 0.1 62981 -- Spring 200 08/01/05 
                      
Silver Spring 38.81085 -114.88121 9.3 7.8 6.72 -14.74 -111.9 80.60 5.42 5.40 0.66 3.50 261.00 10.30 12.50 0.1 62975 ER-7 Spring 385 07/29/05 
Silver Spring (RS) 38.81061 -114.88117 9.0 8.3 7.43 -14.68 -110.8 79.90 5.50 5.45 0.59 3.10 255.00 10.70 12.60 0.1 65051 ER-25 Spring 385 07/13/06 
                      
Sixmile Spring 37.49222 -115.08806 22.0 -- 7.85 -13.06 -93.4 45.19 10.58 16.90 1.30 3.20 207.00 11.70 49.58 0.1 230 IT151 Spring 112 08/08/95 
                      
SK-10 38.75000 -115.17000 -- -- -- -- -119.0 -- -- -- -- 16.30 -- -- -- -- 423 Kirk110 Well 218 -- 
                      
SK-18 37.71000 -114.80000 -- -- -- -- -95.0 -- -- -- -- 11.30 -- -- -- -- 276 Kirk130 Well 134 -- 
                      
Snow Creek Spring 
(Unnamed Spring in Snow 
Creek) 

40.07837 -114.91138 7.9 9.3 7.21 -16.22 -120.7 -- -- -- -- -- -- -- -- -- 62629A DRI-CC-2  Spring 345 05/24/05 

                      
Snowmelt Below 
Duckwater Peak 

38.90056 -115.38250 10.0 --  -14.10 -105.0 -- -- -- -- 0.60 -- -- -- -- 437 GS216 Surface 224 06/15/83 

                      
South Monument Spring 38.25586 -114.11651 9.1 5.8 7.10 -14.23 -102.3 25.50 5.59 12.60 5.78 22.50 101.00 8.60 55.50 -- 60318 -- Spring 319 05/21/04 
                      
South Spring (Egan) 39.14556 -114.97000 7.0 -- --- -15.00 -111.0 -- -- -- -- 3.00 -- -- -- -- 458 GS244 Spring 236 06/17/83 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

South Springs 
(Egan) 

39.14526 -114.97287 6.8 8.8 7.80 -15.23 -111.9 46.60 10.90 5.15 0.53 2.30 190.00 11.20 9.50 0.1 65040 ER-14 Spring 236 07/12/06 

                      
South Spring (Snake) 38.80405 -114.17588 9.7 5.7 6.87 -14.70 -108.0 66.30 28.80 2.23 0.54 2.60 3.40 343.00 7.60 0.2 62917 SN-7 Spring 383 07/14/05 
                      
Spencer Well 37.39500 -115.18028 19.0 -- 7.69 -13.68 -104.1 53.76 43.97 119.40 14.50 45.90 466.00 158.00 59.81 1.6 206 IT155 Well 106 08/06/95 
                      
Spring Creek Spring 38.90935 -114.11295 12.9 8.1 7.26 -15.40 -113.0 64.20 7.85 6.94 1.22 6.70 12.50 227.00 11.50 1.5 62916 SN-8 Spring 384 07/16/05 
                      
Unnamed Spring nr 
Redd's Cabin Summit 

38.12512 -114.06920 8.0 -- 7.90 -12.50 -95.0 92.00 19.00 26.00 2.40 23.00 -- 25.00 23.00 0.3 334 GS128 Spring 173 04/09/85 

Unnamed Spring nr 
Redd's Cabin Summit 

38.12512 -114.06920 15.9 7.7 7.85 -12.37 -93.7 93.10 21.30 30.90 1.32 26.90 374.00 31.60 25.50 -- 60315 WM-3 Spring 173 05/21/04 

                      
Unnamed Spring in Schell 
Creek Range 

38.51851 -114.74229 -- -- -- -14.40 -108.1 17.60 3.77 1.87 1.16 0.90 67.90 9.50 10.80 -- 57756 -- Spring 304 10/29/03 

Unnamed Spring in Schell 
Creek Range 

38.51851 -114.74229 -- -- -- -14.46 -105.8 -- -- -- -- -- -- -- -- -- 57756 -- Spring 304 10/29/03 

Unnamed Spring in Schell 
Creek Range 

38.51851 -114.74229 10.7 6.5 7.22 -14.61 -106.9 56.00 8.70 23.20 0.34 11.80 210.00 26.20 16.20 0.2 62976 SC-4  Spring 304 07/30/05 

Unnamed Spring in Schell 
Creek Range 

38.51851 -114.74229 11.0 3.8 7.41 -14.45 -108.3 55.60 8.58 21.40 <.1 11.50 210.00 25.00 15.40 0.1 65058 SC-9 Spring 304 07/14/06 

                      
Indian Spring near 
Steward Ranch 

38.31056 -114.65028 8.0 -- 7.00 -13.60 -102.0 38.00 5.90 17.00 0.60 7.90 161.00 12.00 46.00 0.2 357 GS141 Spring 188 04/05/85 

                      
Stock Well (Delamar 
Wash) 

37.34944 -114.75833 -- -- -- -- -88.0 -- -- -- -- -- -- -- -- -- 1000 GS999 Well 101 -- 

                      
Stove Spring 39.09486 -115.36359 9.1 7.1 6.40 -15.71 -114.5 -- -- -- -- -- -- -- -- -- 62711 DRI-WP-6  Spring 347 06/06/05 
                      
Summit Spring  39.55109 -115.23000 7.7 6.4 6.50 -15.94 -120.8 -- -- -- -- -- -- -- -- -- 62702 DRI-BT-4  Spring 348 06/04/05 
                      
Summit Spring 
(Mahogany Mts.) 

37.74984 -114.15359 13.2 2.1 7.07 -12.04 -92.1 107.00 24.40 57.10 2.74 59.40 422.00 40.80 55.00 0.4 64905 MG-2 Spring 419 06/21/06 

                      
Teaspoon Spring 38.34509 -115.41189 11.9 4.8 7.00 -13.26 -100.0 -- -- -- -- -- -- -- -- -- 62830 --  Spring 371 06/30/05 
                      
The Seeps (Spring) 37.73944 -115.57556 9.0 -- 7.50 -13.30 -98.0 110.00 25.90 53.00 3.88 41.70 455.00 53.40 55.00 -- 281 K10 Spring 136 01/15/85 
                      
Thirty Mile Spring 39.55556 -115.21806 8.5 -- 8.00 -16.40 -126.0 29.00 4.60 13.00 2.80 5.50 140.00 7.90 43.00 0.2 468 GS256 Spring 242 08/23/83 
                      
Tippet Spring 39.87691 -114.37348 21.4 2.8 6.80 -16.24 -121.9 54.80 30.20 7.65 1.08 7.10 279.00 26.00 12.00 0.1 63276 -- Spring 394 08/24/05 
                      
Tobe Spring 38.00609 -114.08980 19.8 8.0 8.70 -13.04 -100.0 49.60 7.84 25.30 3.21 20.90 89.10 20.50 45.60 -- 60312 -- Spring 315 05/20/04 
                      
Tobe Spring 2 38.00675 -114.08969 13.7 4.0 7.20 -12.09 -93.6 38.20 5.72 17.10 3.44 14.80 157.00 7.00 47.00 -- 60313 -- Spring 316 05/20/04 
                      
Trough Spring 38.36971 -114.96316 -- -- -- -13.56 -103.6 -- -- -- -- -- -- -- -- -- -- -- Spring 413 28-Oct_05 
                      
Tunnel Spring 39.35142 -115.44964 10.4 5.5 7.00 -15.02 -118.3 -- -- -- -- -- -- -- -- -- 62832 --  Spring 366 07/01/05 
                      
Twin Spring 37.46996 -115.02371 16.9 7.0 7.23 -13.24 -97.4 40.90 9.48 17.20 2.15 10.40 190.00 8.80 48.60 -- 61104 -- Spring 294 07/30/04 
                      
Unnamed Chokecherry 
Spring 

37.53905 -114.70312 11.8 6.2 7.20 -12.54 -98.1 23.90 5.86 9.31 1.43 3.50 109.00 7.90 48.60 -- 59696 -- Spring 263 03/25/04 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

Unnamed Hayden Canyon 
Spring 

39.15147 -115.39264 6.9 6.0 7.00 -15.69 -120.9 -- -- -- -- -- -- -- -- -- 62718 DRI-WP-13  Spring 350 06/07/05 

                      
Unnamed Near Little 
Willow Spring 

39.72235 -115.60986 9.4 8.4 7.20 -17.04 -125.9 -- -- -- -- -- -- -- -- -- 62707 DRI-BK-3  Spring 351 06/05/05 

                      
Unnamed Shellback 
Ridge Spring 

39.14038 -115.38952 7.0 0.3 4.90 -16.18 -123.6 -- -- -- -- -- -- -- -- -- 62720 DRI-WP-15  Spring 352 06/07/05 

                      
Unnamed Spring 
(Unnamed Combs  
Creek Spring) 

39.50919 -114.99298 -- -- -- -15.63 -118.9 -- -- -- -- -- -- -- -- -- 62630 DRI-ER-6  Spring 353 05/24/05 

                      
Unnamed Spring #3 
(Snake) 

38.73321 -114.33335 11.7 6.5 6.78 -14.10 -109.0 104.00 21.40 44.70 1.70 90.10 70.00 283.00 114.00 0.2 62920 SN-3 Spring 379 07/13/05 

                      
Unnamed Spring #4 
(Snake) 

38.83515 -114.19643 6.1 5.0 6.43 -14.65 -107.2 131.00 22.30 6.06 1.02 6.60 474.00 17.90 11.00 0.1 62972 SN-1 Spring 376 07/28/05 

                      
Unnamed Spring #5 
(Snake) 

38.85148 -114.17036 11.9 5.8 6.97 -14.04 -106.7 58.40 30.80 9.34 1.22 9.20 322.00 9.20 10.90 0.1 62973 SN-2 Spring 377 07/28/05 

                      
Unnamed Spring #1 
(White Pine) 

38.96778 -115.39900 8.3 8.9 6.50 -15.36 -114.8 -- -- -- -- -- -- -- -- -- 62818 --  Spring 359 06/28/05 

                      
Unnamed Spring #2 
(Mahogany Mts) 

37.94321 -114.06842 13.4 6.3 7.35 -13.47 -100.7 64.10 8.94 12.10 0.89 10.20 210.00 23.60 21.60 0.7 64907 MG-4 Spring 421 06/22/06 

                      
Unnamed Spring 
#1(White Rock Mts) 

38.30341 -114.16038 10.4 8.0 7.35 -15.05 -109.6 47.20 8.85 15.90 0.98 45.50 128.00 14.00 35.50 0.1 64897 WM-8 Spring 415 06/19/06 

                      
Unnamed Spring #2 
(White Rock Mts) 

38.19539 -114.10582 11.1 2.8 6.67 -13.00 -97.0 29.10 7.85 10.40 0.52 3.30 130.00 8.30 40.70 0.2 64899 WM-10 Spring 417 06/19/06 

                      
Unnamed Spring 
#1(Egan) 

39.06895 -114.91885 7.0 6.9 7.11 -15.14 -112.2 82.60 9.14 4.46 0.94 1.60 277.00 20.90 11.20 0.1 65044 ER-18 Spring 435 07/12/06 

                      
Unnamed Spring #2 
(White Pine) 

38.97696 -115.40065 8.7 5.9 5.70 -15.66 -114.9 -- -- -- -- -- -- -- -- -- 62819 --  Spring 360 06/28/05 

                      
Unnamed Spring #2  
(Egan Range) 

39.04577 -114.92458 4.1 7.6 7.50 -15.14 -110.0 50.70 5.87 3.95 0.68 1.00 182.00 5.80 9.20 0.1 65045 ER-19 Spring 436 07/12/06 

                      
Unnamed Spring #3 
(White Pine) 

38.98418 -115.39037 9.8 2.9 6.10 -14.96 -113.1 -- -- -- -- -- -- -- -- -- 62821   Spring 361 06/28/05 

                      
Unnamed Spring #3  
(Egan Range) 

39.05677 -114.92678 4.8 8.8 7.50 -15.07 -110.2 66.90 4.69 3.98 0.69 0.90 221.00 5.50 10.20 0.1 65046 ER-20 Spring 437 07/12/06 

                      
Unnamed Spring #4 
(White Pine) 

39.03633 -115.39347 8.1 3.7 6.90 -15.01 -116.3 -- -- -- -- -- -- -- -- -- 62824 --  Spring 362 06/29/05 

                      
Unnamed Spring #4  
(Egan Range) 

39.08531 -114.92188 6.7 8.7 7.43 -15.37 -114.0 65.10 10.10 3.38 0.78 1.30 229.00 11.90 11.50 0.1 65047 ER-21 Spring 438 07/12/06 

                      
Unnamed Spring #5 
(White Pine) 

39.00631 -115.39043 9.0 7.0 7.00 -16.01 -120.4 -- -- -- -- -- -- -- -- -- 62825 WP-13  Spring 363 06/29/05 

Unnamed Spring #5 
(White Pine) 

39.00631 -115.39043 -- -- -- -14.04 -106.7 -- -- -- -- -- -- -- -- -- 62973 WP-13  Spring 363 07/28/01 

Unnamed Spring #5 
(RS, White Pine) 

39.00630 -115.39043 8.9 6.8 7.12 -16.02 -120.8 62.50 5.30 14.80 1.16 6.90 224.00 10.60 30.50 0.2 65038 WP-13 Spring 363 07/11/06 

                      
Unnamed Spring #5  
(Egan Range) 

38.90310 -114.92343 7.3 7.1 7.04 -14.72 -109.6 93.10 18.30 4.39 0.92 3.30 331.00 32.40 14.00 0.1 65054 ER-28 Spring 445 07/13/06 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

Unnamed Spring #6 
(White Pine) 

38.99300 -115.37519 9.1 0.5 6.80 -14.98 -115.1 -- -- -- -- -- -- -- -- -- 62826 --  Spring 364 06/29/05 

                      
Unnamed Spring #7 
(Quinn) 

38.16152 -115.64159 7.4 6.1 6.70 -14.23 -105.9 -- -- -- -- -- -- -- -- -- 62834 --  Spring 367 07/02/05 

                      
Unnamed Spring #8 
(Quinn) 

38.05659 -115.66484 11.5 0.3 6.50 -14.18 -104.4 -- -- -- -- -- -- -- -- -- 62835 --  Spring 368 07/02/05 

                      
Unnamed Spring #7 
(Kern MTS) 

39.68072 -114.19089 10.2 0.1 6.32 -15.80 -116.3 51.50 11.00 25.70 0.82 14.90 232.00 14.10 36.00 0.4 63273 -- Spring 391 08/23/05 

                      
Unnamed Spring #8 
(Antelope Range) 

39.98778 -114.43341 9.2 2.9 6.13 -15.85 -121.4 35.90 6.98 12.80 1.89 11.10 130.00 22.10 44.90 0.1 63277 -- Spring 395 08/24/05 

                      
Unnamed Spring #9 
(Antelope Range) 

39.99364 -114.42071 8.3 5.6 6.16 -16.41 -123.0 32.80 6.25 8.86 3.03 14.80 109.00 14.90 44.40 0.1 63278 -- Spring 396 08/25/05 

                      
Unnamed Spring #10 
(Antelope Range) 

39.93797 -114.36074 12.9 1.3 6.59 -15.95 -122.0 92.00 49.20 34.10 1.19 35.50 329.00 175.00 19.30 0.2 63279 -- Spring 397 08/25/05 

                      
Unnamed Springs 
#11(Snake Range) 

39.48477 -114.31032 8.9 7.9 6.71 -15.65 -117.1 60.10 11.40 11.40 1.56 8.30 231.00 11.10 19.10 0.1 63283 -- Spring 401 08/26/05 

                      
Unnamed Spring #12 
(Snake Range) 

39.30746 -114.21610 7.6 6.5 7.24 -15.89 -116.6 39.10 3.53 4.78 0.64 2.40 130.00 4.20 11.90 0.1 63527 -- Spring 403 10/25/05 

                      
Unnamed Sp Silver Cr 
Canyon 

39.22899 -114.26075 9.2 3.1 7.39 -15.38 -115.7 71.30 30.40 8.93 0.75 6.60 322.00 35.40 12.60 0.1 63529 -- Spring 405 10/26/05 

                      
Unnamed Spring 13 
(Snake Range) 

39.17779 -114.28686 9.9 6.2 7.48 -14.76 -114.3 79.10 94.70 67.80 1.14 83.60 437.00 234.00 19.60 0.2 63530 -- Spring 406 10/26/05 

                      
Unnamed Stone Cabin 
Spring 

39.15911 -115.39892 8.5 8.2 6.80 -15.31 -114.2 -- -- -- -- -- -- -- -- -- 62717 DRI-WP-12  Spring 354 06/07/05 

Unnamed Stone Cabin 
Spring 

39.15911 -115.39892 9.2 7.2 7.31 -15.47 -118.2 66.70 11.70 14.30 0.92 7.90 248.00 13.00 16.80 0.2 65036 WP-11 Spring 354 07/11/06 

                      
Unnamed Spring (Clover) 37.27654 -114.30744 3.3 4.9 7.09 -12.20 -88.0 126.00 22.60 56.60 1.51 14.80 401.00 157.00 35.40 -- 58501 -- Spring 249 01/15/04 
                      
Unnamed Spring 37.49917 -114.45250 10.0 -- -- -11.60 -86.5 -- -- -- -- -- -- -- -- -- 231 GS85 Spring 113 06/03/85 
                      
Unnamed Spring in dry 
creek bed (White Pine 
Range) 

38.89546 -115.38372 -- -- -- -15.31 -113.6 -- -- -- -- -- -- -- -- -- --  Spring 321 10/12/03 

                      
Unnamed Spring in Miller 
Canyon 

38.32738 -114.24383 -- -- -- -14.27 -103.7 -- -- -- -- -- -- -- -- -- --  Spring 313 05/19/04 

                      
Unnamed Spring in Road 
(South Pahroc Range) 

37.53638 -115.10651 28.4 4.5 6.37 -13.07 -96.7 42.60 10.00 16.10 1.53 8.80 193.00 8.70 49.70 -- 61098 -- Spring 303 07/30/04 

                      
Unnamed Spring nr 
Clover Creek 

37.61461 -114.45061 16.2 0.9 6.99 -11.96 -89.7 67.40 9.05 29.90 6.83 20.30 299.00 11.10 55.60 -- 61102 -- Spring 252 07/31/04 

                      
Unnamed Spring nr Six 
Mile seep 

37.49680 -115.09102 -- -- -- -12.62 -94.5 -- -- -- -- -- -- -- -- -- 61106A -- Spring 296 07/30/04 

                      
Unnamed Spring--nr 
Blackrock 

37.91689 -114.91859 9.2 7.1 7.40 -11.90 -94.3 45.90 9.28 25.80 6.14 23.70 184.00 23.10 69.20 -- 59688 -- Spring 299 03/23/04 

                      
Unnamed Well 
(Longdale) 

36.59000 -114.48000 -- -- 7.80 -13.20 -103.0 29.00 2.20 35.00 5.20 6.00 135.00 26.00 132.68 1.0 78 IT174 Well 48 03/04/74 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

Unnamed Well (Near Dry 
Lake Range) 

36.38278 -114.91667 26.5 0.5 7.33 -13.70 -96.0 123.00 46.00 140.00 16.00 190.00 230.00 360.00 21.00 1.6 41 GS12 Well 24 04/26/82 

                      
South Fox Well 38.77222 -114.52667 12.0 3.3 7.80 -15.00 -113.0 34.00 21.00 7.10 1.60 6.00 -- 8.00 15.00 0.3 422 GS201 Well 216 07/06/83 
                      
Unnamed, Kaolin Wash  36.48722 -114.46667 14.1 6.0 8.46 -11.30 -88.0 48.90 25.90 77.60 21.30 46.50 213.00 168.00 19.10 -- 67 PL3 Spring 35 02/09/96 
                      
Upper Burnt Canyon 
Spring 

38.28729 -114.20049 14.8 3.0 6.80 -12.83 -97.6 65.90 15.30 11.50 0.57 17.30 251.00 6.70 50.40 0.2 64898 WM-9 Spring 416 06/19/06 

                      
Upper Burnt Canyon 
Spring #2 

38.28729 -114.20049 -- -- -- -13.66 -103.6 -- -- -- -- -- -- -- -- -- -- WM-9b Spring 416 06/19/06 

                      
Upper Chokecherry 
Spring 

37.53746 -114.69833 9.3 7.3 8.00 -12.96 -98.9 53.00 10.60 23.20 1.23 13.60 219.00 16.70 50.00 -- 59695 -- Spring 262 03/25/04 

                      
Upper Conner Spring 37.90278 -114.56056 8.0 8.2 7.43 -13.85 -100.0 73.00 26.00 2.20 0.50 2.10 351.00 5.40 8.50 <.1 310 GS115 Spring 156 11/11/86 
Upper Conner Spring 37.90278 -114.56056 9.2 8.1 7.74 -13.88 -102.3 76.90 27.60 1.58 0.59 1.90 368.00 3.60 8.50 -- 60836 -- Spring 156 06/24/04 
                      
Upper Fairview 38.18657 -114.66620 18.0 1.8 7.23 -12.66 -97.7 60.20 10.60 28.10 2.64 23.60 259.00 14.50 48.40 -- 60850 -- Spring 280 06/29/04 
                      
Upper Illipah Crk 39.28167 -115.39000 -- -- -- -16.00 -124.0 -- -- -- -- -- -- -- -- -- -- GS999 Surface 238 06/13/83 
Upper Illipah Crk 39.28167 -115.39000 -- -- -- -16.20 -123.0 -- -- -- -- -- -- -- -- -- -- GS999 Surface 238 08/23/83 
Upper Illipah Crk 39.28167 -115.39000 -- -- -- -15.95 -120.9 -- -- -- -- -- -- -- -- -- 68119 SNWA Surface 238 08/05/03 
                      
Upper Indian Spring 37.45202 -114.65831 11.7 3.6 7.31 -11.46 -88.0 68.00 19.30 23.90 0.34 9.10 319.00 13.00 53.40 -- 58499  Spring 268 01/14/04 
                      
Unnamed Spring near 
Pony Spring 

38.32139 -114.64222 11.5 -- -- -12.90 -99.0 -- -- -- -- -- -- -- -- -- 361 GS144 Spring 191 07/23/81 

                      
Upper Riggs Spring WR4 37.36833 -114.64778 10.8 -- -- -11.90 -88.0 -- -- -- -- -- -- -- -- -- 207 GS78 Spring 105 02/02/84 
Upper Riggs Spring WR4 37.36833 -114.64778 10.1 4.4 7.30 -11.90 -87.0 64.70 15.90 19.40 0.02 17.50 274.00 12.00 57.80 -- 58492 -- Spring 105 01/13/04 
Upper Riggs Spring WR4 37.36833 -114.64778 16.9 10.9 7.99 -11.95 -86.6 57.60 15.90 17.60 3.36 16.50 256.00 12.70 48.80 -- 60082 -- Spring 105 04/29/04 
Upper Riggs Spring WR4 37.36833 -114.64778 13.2 0.7 7.37 -11.55 -86.2 63.40 16.60 18.80 4.16 16.40 277.00 8.70 57.20 -- 61614 -- Spring 105 10/19/04 
Upper Riggs Spring WR4 37.36833 -114.64778 6.0 6.8 7.08 -12.46 -87.0 35.50 8.79 11.60 2.04 7.20 153.00 8.10 42.00 -- 62035 -- Spring 105 02/10/05 
                      
Upper Terrace Spring 
WR2 

39.08664 -114.92565 -- -- -- -- -- 39.70 10.90 4.09 0.72 2.10 173.00 7.30 11.90 -- 57696 ER-1 Spring 270 10/13/03 

Upper Terrace Spring 
WR2 

39.08664 -114.92565 8.2 5.1 7.10 -15.43 -114.9 39.80 11.00 4.07 0.72 2.10 172.00 7.30 12.10 -- 57697 ER-1 Spring 270 10/15/03 

Upper Terrace Spring 
WR2 

39.08664 -114.92565 7.6 -- 7.90 -15.44 -111.8 40.50 10.80 4.25 0.80 2.10 172.00 7.10 9.20 -- 60080 ER-1 Spring 270 04/26/04 

Upper Terrace Spring 
WR2 

39.08664 -114.92565 8.0 8.0 7.51 -15.40 -115.6 40.40 10.70 3.60 0.71 2.40 169.00 7.40 11.80 -- 60785 ER-1 Spring 270 06/23/04 

Upper Terrace Spring 
WR2 

39.08664 -114.92565 8.2 7.1 6.85 -15.35 -114.4 41.60 11.30 4.29 0.75 2.40 177.00 7.30 11.80 -- 61479 ER-1 Spring 270 09/22/04 

Upper Terrace Spring 
WR2 

39.08664 -114.92565 7.2 8.3 7.82 -15.41 -114.6 40.30 10.70 4.24 0.81 2.30 168.00 7.70 11.10 -- 62030 ER-1 Spring 270 02/09/05 

Upper Terrace Spring 
WR2 

39.08664 -114.92565 -- -- -- -15.24 -113.7 -- -- -- -- -- -- -- -- -- 62633A ER-1 Spring 270 05/21/05 

Upper Terrace Spring 
WR2 

39.08664 -114.92565 -- -- -- -15.43 -113.4 41.80 10.50 4.14 0.76 2.30 173.00 7.90 11.20 <.05 63219 ER-1 Spring 270 08/14/05 

Upper Terrace Spring 
WR2  

39.08664 -114.92565 7.7 8.1 7.77 -15.41 -113.7 41.30 10.80 4.06 0.74 2.20 167.00 7.50 11.30 0.1 63562 ER-1 Spring 270 11/06/05 

Upper Terrace Spring 
WR2 

39.08664 -114.92565 7.5 8.3 7.87 -15.41 -114.5 40.50 10.70 4.23 1.10 2.30 164.00 7.70 11.50 0.1 64734 ER-1 Spring 270 05/24/06 

Upper Terrace Spring 
WR2 

39.08664 -114.92565 -- -- -- -15.43 -114.1 -- -- -- -- -- -- -- -- -- -- ER-1 Spring 270 07/12/06 

Upper Terrace Spring 
WR2 

39.08664 -114.92565 7.9 7.6 7.68 -15.48 -114.1 41.40 10.90 3.65 0.61 2.13 166.00 7.61 11.20 0.1 65364 ER-1 Spring 270 08/29/06 

Upper Terrace Spring 
WR2 

39.08664 -114.92565 7.7 7.1 7.80 -15.50 -115.2 41.10 10.90 4.34 0.92 1.40 169.00 7.20 11.20 0.1 65651 ER-1 Spring 270 10/27/06 

Upper Terrace Spring 
WR2 

39.08664 -114.92565 7.5  7.87 -15.46 -114.2 40.30 10.70 4.07 0.76 1.89 173.00 6.47 10.60 0.1 65651 ER-1 Spring 270 05/08/07 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

Upper Terrace Spring 
WR2 

39.08664 -114.92565 8.2 6.2 7.70 -15.46 -114.7 39.80 10.70 4.07 0.82 1.25 178.00 6.92 10.80 -- 67247 ER-1 Spring 270 08/23/07 

Upper Terrace Spring 
WR2 

39.08664 -114.92565 8.0 5.9 7.83 -15.46 -113.6 41.70 11.20 4.00 0.75 1.90 176.00 6.70 10.50 0.1 67510 ER-1 Spring 270 11/03/07 

Upper Terrace Spring 
WR2 

39.08664 -114.92565 7.8 8.2 7.84 -15.48 -113.7 39.90 11.00 4.08 0.77 2.00 176.00 6.66 10.40 0.1 68479 ER-1 Spring 270 06/01/08 

Upper Terrace Spring 
WR2 

39.08664 -114.92565 8.4 8.2 7.78 -15.54 -113.3 38.80 10.70 3.95 0.67 2.07 178.00 6.82 11.00 0.1 68910 ER-1 Spring 270 09/10/08 

Upper Terrace Spring 
WR2 

39.08664 -114.92565 8.3 7.9 7.86 -15.50 -114.8 40.10 11.00 4.11 0.88 1.95 184.00 6.75 10.50 0.1 69141 ER-1 Spring 270 10/29/08 

Upper Terrace Spring 
WR2 

39.08664 -114.92565 7.9 8.1 7.85 -15.55 -114.3 39.60 10.80 4.00 0.75 1.97 168.00 6.61 10.40 0.1 69862 ER-1 Spring 270 05/19/09 

Upper Terrace Spring 
WR2 

39.08664 -114.92565 -- -- -- -15.47 -114.9 40.80 10.90 4.08 0.69 2.04 172.00 6.42 11.20 0.1 69862 ER-1 Spring 270 08/15/09 

Upper Terrace Spring 
WR2 

39.08664 -114.92565 -- -- -- -15.64 -114.9 40.80 11.00 4.12 0.77 2.07 182.00 6.58 10.50 0.1 70610 ER-1 Spring 270 11/13/09 

                      
Upper Tower Spring 38.12049 -114.33344 -- -- -- -12.30 -93.3 20.20 3.33 16.30 6.15 7.60 104.00 7.20 45.80 -- 60081 -- Spring 312 04/28/04 
                      
US Lime Well (Genstar) 36.39139 -114.90389 24.0 4.8 7.40 -12.75 -97.0 120.00 47.00 140.00 1.30 180.00 226.00 370.00 23.00 1.6 52 GS16 Well 27 03/31/86 
                      
USGS CSV-1 36.76694 -114.86194 29.5 -- -- -13.55 -103.0 260.00 93.00 160.00 30.00 39.00 -- 1300.00 19.00 1.2 127 GS45 Well 71 05/18/88 
                      
USGS-MX C.V. Well 
(CV-DT-1) 

38.13778 -115.33861 23.0 3.4 7.20 -14.60 -110.0 37.00 19.00 20.00 4.60 5.70 253.00 26.00 36.00 0.4 338 GS130 Well 176 10/15/81 

USGS-MX C.V. Well 
(CV-DT-1) 

38.13778 -115.33861 -- --  -14.52 -108.0 -- -- -- -- -- -- -- -- -- USGS -- Well -- 06/25/03 

                      
USGS-MX CE, VF-1 36.87528 -114.94528 28.0 -- 7.03 -12.65 -94.0 41.00 7.50 34.00 1.20 42.00 156.00 20.00 14.00 0.5 157 GS56 Well 82 01/06/88 
                      
Valley of Fire Well 36.42250 -114.54778 28.0 -- 7.40 -10.60 -82.0 118.00 53.00 39.00 8.20 21.00 164.00 449.00 8.30 0.2 58 PLC33 Well 31 06/24/85 
                      
VF Spring 1 36.40139 -114.40194 23.0 5.0 7.10 -11.20 -88.0 -- -- -- -- -- -- -- -- -- 53 PL7 Spring 28 02/09/96 
                      
VF Spring 2 36.40528 -114.43056 13.5 3.9 7.76 -11.80 -92.0 -- -- -- -- -- -- -- -- -- 55 PL6 Spring 29 03/07/96 
                      
VF Spring 3 36.40583 -114.44389 15.0 5.3 7.61 -12.20 -93.0 537.00 208.00 295.00 51.10 278.00 169.00 2290.00 12.40 -- 57 PL5 Spring 30 03/07/96 
                      
Wamp Spring 36.64167 -115.07000 7.0 -- 8.15 -10.60 -81.0 71.00 13.00 10.00 2.10 4.90 585.00 8.40 24.00 0.2 91 GS31 Spring 52 03/20/87 
                      
Water Canyon 38.98816 -114.96032 11.0 -- -- -15.00 -115.0 -- -- -- -- -- -- -- -- -- 1033 GS999 Surface 233 06/14/83 
Water Canyon 38.98816 -114.96032 9.0 -- -- -15.50 -117.0 -- -- -- -- -- -- -- -- -- 1033 GS999 Surface 233 08/23/83 
                     -- 
Water Canyon at  
USGS gage 

38.98700 -114.95500 -- -- -- -15.41 -109.5 -- -- -- -- -- -- -- -- -- -- -- Spring 271 10/24/03 

Water Canyon at USGS 
gage (duplicate sample) 

38.98700 -114.95500 -- -- -- -15.43 -112.7 -- -- -- -- -- -- -- -- -- -- -- Spring 271 10/24/03 

                      
Water Canyon Spring 39.00691 -114.91063 8.9 7.9 7.30 -15.60 -114.4 40.10 11.00 4.04 0.72 7.30 180.00 1.64 12.00 -- 57695 -- Spring 358 10/14/03 
                      
Water Canyon Spring 
(Mahogany) 

37.95662 -114.06494 11.1 2.2 7.11 -13.68 -100.4 81.90 11.80 9.44 1.12 5.10 210.00 84.10 17.20 1.6 64906 MG-3 Spring 420 06/22/06 

                      
Water Tank 0.4mi West 
of Sixmile 

37.49119 -115.09605 -- -- -- -12.44 -93.8 -- -- -- -- -- -- -- -- -- 61106C -- Spring 297 07/30/04 

                      
Weaver Well 37.74472 -114.43070 17.0 -- 7.70 -13.10 -101.0 100.00 42.00 110.00 14.00 110.00 430.00 180.00 73.00 2.9 283 GS100 Well 137 06/04/85 
                      
Well at Alligator Ridge 39.73735 -115.51432 34.0 4.1 7.20 -16.60 -127.0 60.00 23.00 19.00 6.50 6.70 -- 52.00 26.00 1.0 469 GS260 Well 243 04/24/84 
                      
White Rock Spring 
(Sheep) 

36.70791 -115.23942 19.9 1.7 7.02 -9.96 -84.8 41.80 35.10 18.20 11.90 10.80 326.00 12.70 57.70 -- 61095 -- Spring 64 07/27/04 

White Rock Spring 
(Sheep) 

36.70791 -115.23942 10.2 3.8 6.51 -10.38 -86.1 39.80 35.20 16.80 10.50 10.30 303.00 12.50 46.50 -- 62398 DRI-SR-3  Spring 64 04/28/05 
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APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

White Rock Spring 
(Butte) 

40.06079 -115.16385 9.4 6.0 6.38 -15.36 -119.2 -- -- -- -- -- -- -- -- -- 62631 DRI-BT-3  Spring 355 05/24/05 

                      
White Rock Well 38.12557 -114.17027 14.5 -- 7.90 -13.10 -101.0 68.00 10.00 11.00 4.00 51.00 168.00 20.00 61.00 0.6 336 E4 Well 175 07/24/75 
                      
White Rock Spring 
(Seaman Range) 

37.89630 -115.01970 -- -- -- -12.10 -90.0 -- -- -- -- -- -- -- -- -- 308 Kirk1019 Spring 154 01/13/85 

        -- -- -- -- -- -- -- -- --      
Wildhorse Spring 
(Fairview) 

38.19722 -114.60861 8.0 -- 7.60 -11.70 -92.5 -- -- -- -- -- -- -- -- -- 348 GS136 Spring 183 04/06/85 

                      
Wild Horse Spring  
(White Pine) 

39.33361 -115.44333 17.5 -- -- -16.80 -129.0 -- -- -- -- -- -- -- -- -- 466 GS251 Spring 240 07/14/81 

                      
Warm Spring  
(White Pine Range) 

38.94778 -115.22806 53.0 1.0 9.25 -15.80 -118.0 1.60 <.12 61.00 0.60 9.40 -- 16.00 56.00 13.0 453 GS204 Spring 232 04/29/82 

Warm Spring  
(White Pine Range) 

38.94778 -115.22806 -- -- -- -14.37 -114.8 -- -- -- -- -- -- -- -- -- 112273 SNWA Spring 232 07/26/05 

                      
Willow Spring (KSV-1) 37.09483 -114.83096 -- -- -- -11.90 -86.5 -- -- -- -- -- -- -- -- -- 180 Kirk1026 Spring 92 -- 
Willow Spring (KSV-1) 37.09483 -114.83096 17.4 -- 7.50 -11.60 -88.0 20.00 2.70 56.00 4.60 22.00 140.00 34.00 65.00 1.1 182 GS67 Spring 92 02/03/84 
Willow Spring (KSV-1) 37.09483 -114.83096 9.3 8.3 7.52 -11.57 -88.0 18.20 3.17 55.90 2.24 21.30 131.00 33.50 67.30 -- 58489  Spring 92 01/12/04 
Willow Spring (KSV-1) 37.09483 -114.83096 16.7 1.6 7.44 -11.63 -89.1 19.90 4.25 9.85 1.74 6.50 84.90 6.30 37.20 -- 62395 DRI-DR-2  Spring 92 04/27/05 
                      
Willow Spring 2 (So.of 
Oak Sps.summit) 

37.55653 -114.69773 13.7 2.5 7.40 -11.69 -91.2 59.40 14.70 25.50 1.79 13.60 274.00 15.20 55.70 -- 59693 -- Spring 260 03/25/04 

                      
Wilson Creek 38.31806 -114.40333 17.0 -- 8.00 -13.20 -97.5 21.00 3.30 11.00 2.90 7.00 77.00 11.00 39.00 0.3 358 E2 Surface 189 04/05/85 
                      
Wiregrass Spring (Sheep) 36.63325 -115.20842 9.5 -- 7.30 -12.80 -94.0 69.00 32.00 2.70 1.10 3.00 -- 5.00 12.00 0.1 82 GS22 Spring 49 10/28/81 
Wiregrass Spring (Sheep) 36.63325 -115.20842 6.5 6.1 7.30 -12.70 -96.0 68.00 32.00 3.20 1.10 3.20 -- 9.00 12.00 0.1 83 GS23 Spring 49 05/11/83 
Wiregrass Spring (Sheep) 36.63325 -115.20842 -- -- -- -12.85 -94.0 -- -- -- -- -- -- -- -- -- 83.5 JIM Spring 49 10/09/86 
Wiregrass Spring (Sheep) 36.63325 -115.20842 4.0 -- 7.32 -12.80 -91.5 71.00 34.00 2.80 1.10 3.40 374.00 6.90 12.00 0.1 84 GS24 Spring 49 03/20/87 
Wiregrass Spring (Sheep) 36.63325 -115.20842 13.0 -- -- -12.55 -92.0 70.00 33.00 2.80 1.50 2.90 -- 7.10 12.00 0.2 85 GS25 Spring 49 06/17/87 
Wiregrass Spring (Sheep) 36.63325 -115.20842 14.0 5.4 7.34 -12.75 -94.0 68.00 33.00 3.10 1.00 2.90 372.00 7.30 12.00 0.2 86 GS26 Spring 49 08/04/87 
Wiregrass Spring (Sheep) 36.63325 -115.20842 4.0 5.0 7.32 -12.85 -97.0 72.00 34.00 3.10 5.70 3.80 -- 7.70 12.00 0.2 87 GS27 Spring 49 01/05/88 
Wiregrass Spring (Sheep) 36.63325 -115.20842 8.0 5.0 7.41 -12.95 -95.5 72.00 34.00 2.80 1.00 2.60 -- 7.30 12.00 0.2 88 GS28 Spring 49 04/06/88 
Wiregrass Spring (Sheep) 36.63325 -115.20842 7.0 -- 7.30 -12.85 -94.5 69.00 36.00 3.10 1.10 2.70 -- 7.30 12.00 0.1 89 GS29 Spring 49 12/12/88 
Wiregrass Spring (Sheep) 36.63325 -115.20842 8.2 2.3 7.34 -12.87 -94.0 -- -- -- -- -- -- -- -- -- 58487 -- Spring 49 01/17/04 
Wiregrass Spring (Sheep) 36.63325 -115.20842 9.9 2.5 6.89 -13.12 -96.8 67.80 33.20 2.48 0.98 3.70 367.00 6.00 14.40 -- 60851 -- Spring 49 06/30/04 
Wiregrass Spring (Sheep) 36.63325 -115.20842 8.3 4.0 6.55 -13.76 -101.2 74.40 40.60 3.92 1.27 3.90 404.00 5.40 14.80 -- 62400 DRI-SR-2 Spring 49 04/29/05 
Wiregrass Spring (Sheep) 36.63325 -115.20842 -- -- -- -13.19 -95.6 -- -- -- -- -- -- -- -- -- -- SH-2 Spring 49 04/29/06 
                      
Wiregrass Spring (Grant) 38.35211 -115.42693 14.3 4.3 7.50 -13.29 -101.4 -- -- -- -- -- -- -- -- -- 62831 --  Spring 372 06/30/05 
                      
Woodchuck Spring 39.72453 -115.57297 7.5 6.9 6.80 -15.55 -119.6 -- -- -- -- -- -- -- -- -- 62706 DRI-BK-2  Spring 356 06/05/05 
                      
180W501 38.59201 -114.84080 -- -- -- -14.12 -105.6 -- -- -- -- -- -- -- -- -- -- SNWA Well 600 05/17/06 
                      
180W902M 38.36331 -114.82750 -- -- -- -13.99 -107.1 -- -- -- -- -- -- -- -- -- 120738 SNWA Well 601 10/19/05 
180W902M 38.36331 -114.82750 -- -- -- -14.12 -104.7 -- -- -- -- -- -- -- -- -- -- SNWA Well 601 05/18/06 
                      
181M1 37.91163 -114.85528 -- -- -- -13.57 -104.9 -- -- -- -- -- -- -- -- -- 120739 SNWA Well 603 08/30/05 
181M1 37.91163 -114.85528 -- -- -- -13.67 -105.0 -- -- -- -- -- -- -- -- -- -- SNWA Well 603 05/31/06 
                      
181W909M 37.69600 -114.74639 -- -- -- -13.70 -106.4 -- -- -- -- -- -- -- -- -- 120737 SNWA Well 604 04/27/05 
181W909M 37.69600 -114.74639 -- -- -- -13.50 -104.6 -- -- -- -- -- -- -- -- -- -- SNWA Well 604 06/05/06 
                      
182M-1 37.34683 -114.95796 -- -- -- -14.07 -109.6 -- -- -- -- -- -- -- -- -- -- SNWA Well 606 05/23/06 

58 

SE ROA 46863

JA_14232



 
 

APPENDIX 1.  ISOTOPIC, FIELD PARAMETER, AND WATER CHEMISTRY DATA FOR ALL SITES USED IN THIS 
STUDY AND SOME ADDITIONAL SITES IN EASTERN AND SOUTHERN NEVADA (CONTINUED). 

Name Latitude 
Degrees 

Longitude 
Degrees 

Water  
Temp.  
(°C) 

DO  
(mg/L) 

pH δ18O 
(‰) 

δD 
(‰) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Cl 
(mg/L) 

HCO3 

(mg/L) 
SO4 

(mg/L) 
SiO2 

(mg/L) 
F 

(mg/L) 
Sample 

# 
REF_ID Site 

Type 
Site  

# 
 Date 

182W906M 37.32691 -114.85463 -- -- -- -12.89 -103.6 -- -- -- -- -- -- -- -- -- 120743 SNWA Well 607 03/19/05 
182W906M 37.32691 -114.85463 -- -- -- -13.40 -100.7 -- -- -- -- -- -- -- -- -- 120741 SNWA Well 607 09/02/05 
                      
209M-1 37.64351 -114.98950 -- -- -- -13.00 -99.7 -- -- -- -- -- -- -- -- -- 120742 SNWA Well 608 08/04/05 
209M-1 37.64351 -114.98950 -- -- -- -13.53 -104.7 -- -- -- -- -- -- -- -- -- -- SNWA Well 608 06/14/06 
                      
CSI-1 36.79768 -114.91471 -- -- -- -13.08 -102.6 -- -- -- -- -- -- -- -- -- -- SNWA Well 609 05/31/05 
                      
CSI-2 36.79768 -114.91471 -- -- -- -12.90 -100.2 -- -- -- -- -- -- -- -- -- -- SNWA Well 610 09/30/05 
                      
CSI-3 36.82554 -114.91667 -- -- -- -13.03 -99.6 -- -- -- -- -- -- -- -- -- -- SNWA Well 611 09/13/06 
                      
CSI-4 36.84998 -114.95452 -- -- -- -12.68 -98.6 -- -- -- -- -- -- -- -- -- 174086 SNWA Well 628 12/05/07 
                      
CSVM-1 36.79118 -114.88621 -- -- -- -13.13 -99.3 -- -- -- -- -- -- -- -- -- 65462 SNWA Well 632 02/27/03 
                      
CSVM-2 36.66182 -114.92305 -- -- -- -13.13 -96.3 -- -- -- -- -- -- -- -- -- 65453 SNWA Well 612 02/23/03 
CSVM-2 36.66182 -114.92305 -- -- -- -13.14 -97.7 -- -- -- -- -- -- -- -- -- -- SNWA Well 612 01/10/06 
                      
CSVM-3 37.05250 -114.98336 -- -- -- -12.86 -98.4 -- -- -- -- -- -- -- -- -- 65456 SNWA Well 613 05/19/03 
CSVM-3 37.05250 -114.98336 -- -- -- -13.10 -98.0 -- -- -- -- -- -- -- -- -- -- SNWA Well 613 01/06/06 
                      
CSVM-4 36.99106 -114.88648 -- -- -- -13.37 -102.7 -- -- -- -- -- -- -- -- -- 65455 SNWA Well 614 03/26/03 
CSVM-4 36.99106 -114.88648 -- -- -- -13.41 -102.5 -- -- -- -- -- -- -- -- -- -- SNWA Well 614 01/16/06 
                      
CSVM-5 36.74758 -114.98045 -- -- -- -12.82 -94.0 -- -- -- -- -- -- -- -- -- 65452 SNWA Well 615 02/06/03 
CSVM-5 36.74758 -114.98045 -- -- -- -12.67 -95.0 -- -- -- -- -- -- -- -- -- -- SNWA Well 615 01/08/06 
                      
CSVM-6 36.83250 -114.90916 -- -- -- -12.94 -100.2 -- -- -- -- -- -- -- -- -- 65454 SNWA Well 616 03/20/03 
CSVM-6 36.83250 -114.90916 -- -- -- -12.97 -100.7 -- -- -- -- -- -- -- -- -- -- SNWA Well 616 01/11/06 
                      
CSVM-7 37.04701 -114.99571 -- -- -- -12.47 -93.9 -- -- -- -- -- -- -- -- -- 65457 SNWA Well 617 05/04/03 
CSVM-7 37.04701 -114.99571 -- -- -- -12.51 -93.6 -- -- -- -- -- -- -- -- -- -- SNWA Well 617 01/23/06 
                      
KPW-1 -- -- -- -- -- -13.63 -105.0 -- -- -- -- -- -- -- -- -- 120744 SNWA Well 618 12/15/05 
                      
RW-1 36.45565 -114.84709 -- -- -- -13.19 -100.9 -- -- -- -- -- -- -- -- -- 112270 SNWA Well 624 07/20/05 
                      
CAV6002X 38.36281 -114.82736 -- -- -- -14.27 -106.3 -- -- -- -- -- -- -- -- -- 174083 SNWA Well 627 12/03/07 
                      
CSV3009X 36.98363 -114.96546 -- -- -- -13.48 -100.2 -- -- -- -- -- -- -- -- -- 200044 SNWA Well 629 12/08/08 
                      
CSV3011X 36.98195 -114.93191 -- -- -- -12.83 -90.4 -- -- -- -- -- -- -- -- -- 200046 SNWA Well 630 12/16/08 
CSV3011X 36.98195 -114.93191 -- -- -- -12.87 -94.0 -- -- -- -- -- -- -- -- -- 200045 SNWA Well 630 12/20/08 
                      
UMVM-1 (MRS1009M) 36.75808 -114.82324 -- -- -- -13.15 -98.9 -- -- -- -- -- -- -- -- -- 65460 SNWA Well 631 06/14/03 
                      
GV-1 36.43506 -114.95859 -- -- -- -13.15 -98.8 -- -- -- -- -- -- -- -- -- 79439 SNWA Well 634 01/15/04 
                      
GV-2 36.35828 -114.92445 -- -- -- -13.46 -96.8 -- -- -- -- -- -- -- -- -- 69559 SNWA Well 635 09/25/03 
                      

PW-1 37.89546 114.71828 24.4 - - -13.4 -101 37 19 37 3.9 15 190 32 -- -- SNWA DL-2 Well 636 1/21/10 
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APPENDIX 2.  AMOUNT OF PRECIPITATION AND ISOTOPIC COMPOSITION 
FROM BULK STORAGE GAUGES AT WR1 IN THE WHITE PINE RANGE, WR2 IN 
THE EGAN RANGE, WR3 IN THE SCHELL CREEK RANGE, AND WR4 IN THE 
DELAMAR MOUNTAINS. 

Site  Start Date End Date  Precipitation (in) 
18O D 

WR1 - Altitude 8,012 ft 10/23/03 3/23/04 7.10 -17.13 -124.1 
 3/23/04 4/26/04 9.60 -16.19 -116.4 
 4/26/04 6/21/04 1.32 -- -- 
 6/21/04 9/22/04 2.76 -11.95 -87.8 
 9/22/04 1/21/05 12.96 -- -- 
 1/21/05 5/21/05 15.36 -16.19 -112.9 
 5/21/05 8/14/05 0.60 -11.79 -82.1 
 8/14/05 11/5/05 0.96 -8.95 -58.5 
 11/5/05 2/24/06 6.00 -- -- 
 2/24/06 5/20/06 9.36 -15.12 -107.8 
 5/20/06 8/29/06 3.00 -7.11 -48.4 
 8/29/06 11/15/06 2.40 -13.59 -96.8 
 11/15/06 5/6/07 8.40 -17.42 -126.7 
 5/6/07 8/19/07 2.76 -10.82 -79.8 
 8/19/07 11/3/07 1.44 -11.70 -83.1 
 11/3/08 3/3/08 8.04 -16.82 -122.2 
 3/3/08 5/29/08 0.96 -16.58 -121.3 
 5/29/08 9/14/08 2.88 -9.82 -70.0 
 9/14/08 10/31/08 0.96 -10.09 -68.1 
 10/31/08 1/15/09 4.32 -18.32 -132.1 
 1/15/09 5/19/09 10.32 -16.36 -119.0 
 5/19/09 8/16/09 4.20 -10.64 -75.3 
 8/16/09 11/16/09 2.52 -16.97 -122.9 

WR2 - Altitude 8,747 ft 10/15/03 4/26/04 13.32 -16.93 -119.8 
 4/26/04 6/23/04 1.8 -- -- 
 6/23/04 9/22/04 1.68 -13.15 -93.5 
 9/22/04 2/9/05 14.04 -16.53 -117.7 
 2/9/05 5/21/05 21.24 -17.59 -127.6 
 5/21/05 7/26/05 1.32 -- -- 
 7/26/05 8/11/05 0.36 -- -- 
 8/11/05 11/7/05 2.4 -11.70 -79.1 
 11/7/05 5/24/06 16.92 -16.30 -116.4 
 5/24/06 8/29/06 3.96 -9.28 -60.2 
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APPENDIX 2.  AMOUNT OF PRECIPITATION AND ISOTOPIC COMPOSITION 
FROM BULK STORAGE GAUGES AT WR1 IN THE WHITE PINE RANGE, WR2 IN 
THE EGAN RANGE, WR3 IN THE SCHELL CREEK RANGE, AND WR4 IN THE 
DELAMAR MOUNTAINS (CONTINUED). 

Site  Start Date End Date  Precipitation (in) 
18O D 

 8/29/06 10/27/06 2.4 -13.82 -94.9 
 10/27/06 5/8/07 9.84 -18.04 -131.5 
 5/8/07 8/23/07 2.28 -13.46 -95.0 
 8/23/07 11/3/07 1.68 -13.87 -94.2 
 11/3/07 6/1/08 9.6 -18.22 -132.2 
 6/1/08 9/10/08 1.8 -14.84 -105.8 
 9/10/08 10/29/08 1.2 -13.20 -88.2 
 10/29/08 5/19/09 9.72 -17.45 -124.7 
 5/19/09 8/16/09 4.08 -11.91 -82.3 
 8/16/09 11/13/09 2.88 -12.18 -82.2 

WR3 – Altitude 7,484 ft 10/30/03 3/24/04 7.92 -16.25 -114.4 
 3/24/04 4/27/04 3.72 -15.37 -104.3 
 4/27/04 6/23/04 1.32 -- -- 
 6/23/04 9/23/04 2.64 -9.53 -69.3 
 9/23/04 1/23/05 16.80 -- -- 
 1/23/05 5/20/05 13.20 -15.57 -110.5 
 5/20/05 8/15/05 1.86 -7.12 -50.3 
 8/15/05 11/7/05 2.76 -11.11 -74.9 
 11/7/05 2/26/06 3.12 -13.77 -97.3 
 2/26/06 5/23/06 6.60 -14.99 -105.6 
 5/23/06 8/31/06 2.28 -8.88 -62 
 8/31/06 10/28/06 2.16 -11.97 -84.5 
 10/28/06 5/7/07 4.92 -17.49 -127.9 
 5/7/07 8/20/07 2.04 -8.87 -63.4 
 8/20/07 11/2/07 1.32 -11.32 -80.8 
 11/2/07 3/4/08 7.56 -15.27 -109.2 
 3/4/08 5/30/08 0.84 -16.96 -123 
 5/30/08 9/11/08 0.84 -10.71 -81.3 
 9/11/08 10/31/08 0.72 -10.87 -72.9 
 10/31/08 1/14/09 3.41 -17.64 -126.1 
 1/14/09 5/19/09 7.38 -15.33 -108 
 5/19/09 8/17/09 4.08 -9.75 -67.3 
 8/17/09 11/15/09 0.96 -9.34 -62.9 

WR4 – Altitude 5,163 ft 04/29/04 10/19/04 2.88 -8.12 -61.8 
 10/19/04 02/10/05 13.68 -11.86 -85.6 
 02/10/05 05/19/05 8.04 -12.03 -87.3 
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An Ecohydraulic Model to Identify and Monitor Moapa
Dace Habitat
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Abstract

Moapa dace (Moapa coriacea) is a critically endangered thermophilic minnow native to the Muddy River ecosystem in
southeastern Nevada, USA. Restricted to temperatures between 26.0 and 32.0uC, these fish are constrained to the upper two
km of the Muddy River and several small tributaries fed by warm springs. Habitat alterations, nonnative species invasion,
and water withdrawals during the 20th century resulted in a drastic decline in the dace population and in 1979 the Moapa
Valley National Wildlife Refuge (Refuge) was created to protect them. The goal of our study was to determine the potential
effects of reduced surface flows that might result from groundwater pumping or water diversions on Moapa dace habitat
inside the Refuge. We accomplished our goal in several steps. First, we conducted snorkel surveys to determine the
locations of Moapa dace on three warm-spring tributaries of the Muddy River. Second, we conducted hydraulic simulations
over a range of flows with a two-dimensional hydrodynamic model. Third, we developed a set of Moapa dace habitat
models with logistic regression and a geographic information system. Fourth, we estimated Moapa dace habitat over a
range of flows (plus or minus 30% of base flow). Our spatially explicit habitat models achieved classification accuracies
between 85% and 91%, depending on the snorkel survey and creek. Water depth was the most significant covariate in our
models, followed by substrate, Froude number, velocity, and water temperature. Hydraulic simulations showed 2–11% gains
in dace habitat when flows were increased by 30%, and 8–32% losses when flows were reduced by 30%. To ensure the
health and survival of Moapa dace and the Muddy River ecosystem, groundwater and surface-water withdrawals and
diversions need to be carefully monitored, while fully implementing a proactive conservation strategy.
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Introduction

Anthropogenic factors negatively affect aquatic communities in

the southwestern U.S. Specifically, in the Southern Xeric Basin

and Range ecoregion [1], 82% of sampled stream reaches have

disturbed riparian zones, 73% contain non-native vertebrates,

53% have serious streambed stability issues, 42% have mercury in

fish, and 33% have reduced habitat complexity [2]. Aggravating

this situation is the higher than average human growth rate in the

arid southwest, contributing to the 15–60 m declines in ground-

water levels region-wide, depending on location [3]. Thus it is no

surprise that the desert southwest has an inordinate number of

federally listed fishes, including Moapa dace Moapa coriacea [4].

Further complicating this picture is the looming threat of climate

change, which will likely result in warmer air and water

temperatures, reduced winter snowpack, and lower summer

streamflows [5,6]. Collectively, these conditions make it imperative

that wise water management practices are implemented to

conserve the native aquatic biota in the arid southwest.

The Moapa dace is a thermophilic minnow endemic to the

Muddy River, Clark County, Nevada [7]. Inhabiting water

temperatures between 26.0 and 32.0uC, Moapa dace is restricted

to the upper reaches of the Muddy River ecosystem where the

river originates from thermal springs emanating from a deep

carbonaceous aquifer [8,9]. The Moapa dace occurs only in the

upper reaches of the Muddy River ecosystem (a.k.a. Warm

Springs Area) because its water cools in a downstream direction

[10]. In addition, seven other aquatic species of special concern

inhabit the Muddy River ecosystem (three fish, two snails, and two

insects), with each species having a unique life history and habitat

preferences [11]. The Moapa White River springfish Crenichthys

baileyi moapae is a cohabitating endemic thermophile that occurs in

similar locations as Moapa dace. Virgin River chub Gila seminuda

were known to occur throughout the main stem Muddy River,

while speckled dace Rhinichthys osculus moapae inhabited the river

downstream of the Warm Springs Area.

Moapa dace habitat was altered with the development of spring

discharge in the Warm Springs Area for agricultural and

recreational use [11,12]. The introduction of western mosquitofish

Gambusia affinis by the 1930s and shortfin molly Poecilia mexicana in

the 1960s also contributed to Moapa dace decline [13,14]. To

insure persistence of Moapa dace and the Moapa White River

springfish, the Moapa Valley National Wildlife Refuge (hereafter

PLOS ONE | www.plosone.org 1 February 2013 | Volume 8 | Issue 2 | e55551

SE ROA 47134
JA_14255



‘‘Refuge’’) was established in 1979 and subsequently expanded

[11]. The Refuge is now comprised of three spring provinces (i.e.,

groups of springs) representing less than 10% of the two endemic’s

historic habitat. Still, the Refuge has been important to native fish

persistence, especially Moapa dace and White River springfish.

Moapa dace reproduce in the spring-fed tributaries to the Muddy

River in water temperatures between 30 and 32uC [12].

The Refuge was instrumental in averting the extinction of

Moapa dace after the 1995 invasion of blue tilapia Oreochromis

aureus into the Warm Springs Area. Following the invasion, the two

thermal endemic species were extirpated from about 90% of their

former range [15,16], including critical adult foraging habitat in

the mainstem Muddy River. While tilapias were prevented from

accessing the Refuge by installation of temporary barriers, they

have nonetheless temporarily severed the connectivity between

springbrook and mainstem habitats. Readers may view a video of

Moapa dace and Moapa White River springfish foraging and

feeding in the Refuge (see Video S1).

Repatriation of Moapa dace to its historic range (i.e., Muddy

River) is important because fragmented populations have a much

greater chance of extinction [17,18]. The largest, oldest, and most

fecund Moapa dace occurred in the larger water volume of the

main stem Muddy River [12] - life history traits which enhance the

species’ probability of persistence [19]. In 2005 the primary water

purveyor for Clark County, Southern Nevada Water Authority

[20], purchased the Warm Springs Area for the protection of the

area’s biota, which provided the opportunity for tilapia extirpation

from the Warm Springs Area.

With the establishment of Refuge and the Warm Springs

Natural Area (WSNA), a substantial portion of the Moapa dace

historic habitat is now under protection. However, in recent years

there has been concern as to the sustainability of springs feeding

the Muddy River [21]. Specifically, there has been pumping from

the Muddy River’s ground-water source, which may increase

further, translating into decreased spring discharge [21]. To

manage Moapa dace populations on the Refuge and WSNA,

while sustaining the seven other sensitive aquatic species,

managers need to understand the effect reduced streamflow has

on the dace population and the larger Muddy River ecosystem.

In this paper we examine the potential effects of surface-water

reductions on the availability of Moapa dace habitat by simulating

an increase or decrease in the three primary Refuge springbrooks

by 30% relative to baseflow. While Moapa dace are more sensitive

to flow reduction than some species (e.g., Moapa White River

springfish) [14], our results have implications for all aquatic species

in the Warm Springs and Muddy River ecosystem. By providing a

methodology that couples fine-grain hydrodynamic data, GIS, and

habitat use observations, our approach can be applied to any

aquatic ecosystem, large or small, provided the necessary physical

and biological data are available.

Materials and Methods

Study Site
The Moapa Valley National Wildlife Refuge is situated near the

southern edge of the Warm Springs Area (Fig. 1). Approximately

47 hectares, the Refuge contains three spring provinces - each of

which feed a springbrook - referred to herein as the Plummer,

Pedersen, and Apcar springbrooks. The three springbrooks

eventually converge to form the Refuge Springbrook, a tributary

to the Muddy River. Just prior to their acquisition, the Plummer

and Pedersen properties were public resorts with their spring-

brooks feeding large and small swimming pools. In contrast, Apcar

Springbrook had been altered to provide water for local municipal

and irrigation purposes. At the time of each acquisition, no Moapa

dace and few to no Moapa White River springfish occurred on

each of the three properties. Following acquisition by the U.S. Fish

and Wildlife Service, substantial habitat rehabilitation was

undertaken at each of the three spring provinces aimed at creating

suitable native fish habitat. Major rehabilitation modifications

included channel realignment, removal of hundreds of nonnative

fan palms Wahingtonia filifera, and channel excavation. Other

rehabilitation actions included riparian vegetation planting, in-

stream log placement, and cattail Tyha sp. removal [20].

The Pedersen Springbrook system was the first U.S. Fish and

Wildlife Service acquisition (1979 and 1984), and habitat

modification on that system began in the mid-1980s. This

springbrook is fed by the highest springs within the Warm Springs

Area and they are suspected to be the most sensitive to ground-

water pumping [21]. Of the seven springs feeding the Pedersen

Springbrook, two of the highest are equipped with flow gages, as is

the Pedersen Springbrook where it leaves the Refuge 200 m

downstream from the convergences of the spring tributaries

(Fig. 1). The Pedersen Springbrook is also distinguished by the

absence of western mosquitofish and shortfin molly; a small barrier

prevents nonnative fishes access to the Refuge reach of the

springbrook.

Purchased in 2001, hundreds of fan palms were removed from

the Apcar system in 2007 and the springbrook rerouted to what

was judged to be its historic course in 2009. Moapa dace began

colonizing the newly excavated 163-m-long springbrook within

months after its construction, but density was low at the time of

our study and probably below carrying capacity. Streamflow in the

Apcar Springbrook had the greatest potential for fluctuation in

discharge due to water diversion for municipal use.

The Plummer Springbrook was used in the development and

testing of our habitat models because it harbored the greatest

density of Moapa dace during our five years of study (unpublished

survey data, U.S. Fish and Wildlife Service, Las Vegas Field

Office). The Plummer Springbrook has three tributaries converg-

ing 45 m upstream from where the springbrook leaves the Refuge

at Warm Springs Road. With the assistance of The Nature

Conservancy this property and spring province was acquired by

the U.S. Fish and Wildlife Service in the late 1990s and a major

rehabilitation of the spring province and springbrook occurred in

2006 and 2007. The rehabilitated springbrook is composed of

small pools, riffles, glides, and small falls; it also has a public

viewing chamber and is the focus of the Refuge’s visitor center.

Hydrodynamic Modeling
We simulated the hydraulic conditions in the three Refuge

springbrooks with River2D [22], a two-dimensional (2D), depth-

averaged model [23]. Developed for streams and rivers, River2D

has been extensively verified [24–26]. One of River2D’s strengths

is its variable-size mesh that can be optimized to obtain fine-scale

details in areas of interest. Given the small size of the Refuge

springbrooks, we constructed a mesh with 8–12 cm resolution to

accurately discern hydraulic features associated with Moapa dace.

We avoided one- and three-dimensional models because they

produce data too coarse- (1-D) or fine-scale (3-D) to efficiently

model Moapa dace foraging habitat (i.e., ,1 m2), while providing

the flexibility to map and compare habitat across the entire Refuge

[27]. Three products output by River2D are depth-averaged

velocity, water depth, and Froude number, calculated at each

intersection (node) of a triangulated irregular mesh, for a given

flow. The Froude number is a dimensionless hydraulic variable

that can objectively identify pool, riffle, and glide features [28,29].

An Ecohydraulic Model of Moapa Dace Habitat

PLOS ONE | www.plosone.org 2 February 2013 | Volume 8 | Issue 2 | e55551

SE ROA 47135
JA_14256



To insure confidence in the predictability of our 2-D-

hydrodynamic model, we followed the methodology and steps in

the on-line manual http://www.river2d.ualberta.ca and real-life

applications [30,31]. Refer to File S1 for details related to

bathymetry, substrate, or water temperature; File S2 for

hydrodynamic boundary conditions; and File S3 for a calibration

chart of Plummer Creek (0.071 cms). We could not verify

simulations that were higher or lower than the baseflows for each

springbrook since their flows were unwavering during and

proceeding the study period. Nor could we manually change the

inflows at each springhead for verification purposes due to the

endangered status of Moapa dace. Thus, we relied exclusively on

the calibration of the baseflow simulations and the depth-averaged

St.Venant equations [22] to reach equilibrium (inflow equals

outflow) for each flow simulation (see Hydrodynamic and Habitat

Modeling Accuracies section in Discussion for details as to how

this may affect our simulations).

Snorkel Surveys
Three snorkel surveys were conducted during the spring of 2009

on Plummer Springbrook between April 20 and May 28. Spaced

approximately two weeks apart, snorkel surveys covered the entire

Plummer Springbrook from the spring head to the culvert, located

at the Refuge boundary (Fig. 1). Snorkel surveys began at the

downstream of the springbrook as it left the Refuge and the

snorkeler crawled upstream until a subject Moapa dace was

sighted. After it was judged the fish was unaffected by the

snorkeler’s presence, its location was marked on a map as

accurately as possible. Fish habitat use is influenced by size and life

stage [32] and for our model we used dace ranging from about 40

to 85 mm fork length (FL), the largest observed on the Plummer

Springbrook. Fish 40 mm FL were in the late juvenile stage [12],

but used the same habitat as adults. For model construction, we

drew polygons around dace locations to create occupied patch

boundaries, with larger dace clusters producing the biggest patch

boundaries. All locations outside of occupied patch boundaries

were considered empty since no dace were observed in the snorkel

surveys. A map of Moapa dace habitat was completed by joining

the presence-absence polygons into one continuous surface

representing Plummer Springbrook from the spring head to the

Refuge boundary, with no areas unsurveyed.

Three follow-up snorkel surveys were conducted in the next 18

months: January 30, 2010; August 10, 2010; and January 30,

2011. The last survey date was unique because all three Refuge

springbrooks were surveyed, while only Plummer Springbrook was

surveyed on the other two dates. Thus, the first two snorkel surveys

Figure 1. A map of the project area with the three spring-fed creeks displayed inside the Refuge boundary. Culverts route the
springbrooks under the road located on the Refuge boundary.
doi:10.1371/journal.pone.0055551.g001
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were used to calibrate and verify the habitat model in Plummer

Springbrook, while the third survey was used to verify the model

on Pedersen and Apcar springbrooks following extrapolation of

the model. This approach allowed us to perform an independent

verification of the habitat model over both space and time.

Environmental Database
We constructed an environmental database for habitat model-

ing by georeferencing all data to a common coordinate system

(UTM, Zone 11, NAD83), with each variable rendered as a grid

with 12X12-cm (0.014 m2) resolution (Table 1). Five predictor

variables were created from River2D and field surveys for each

springbrook; the principal variables were water depth (DEP),

velocity (VEL), Froude number (FRD), substrate (SUB3), and

water temperature (TMP). Additional variables were created for

modeling purposes through the aggregation of substrate and

Froude values into different size classes. Specifically, Froude

number was reclassified into pool, riffle, and glide classes with

FRD thresholds (pool: Fr ,0.18; riffle .0.41; with glide

intermediate) [29], while six substrate classes (fines, small gravel,

medium gravel, large gravel, cobble, boulder) were aggregated

into three classes (fines, gravels, cobble/boulder). Lastly, higher-

order terms (e.g., quadratic, cubed) were created for each

continuous variable for curvilinear model testing.

Habitat Modeling
We used cell-based (raster) modeling [33] and logistic regression

[34] to build and test numerous Moapa dace habitat models for

Plummer Springbrook. We employed logistic regression because it

is well suited for the examination of the relationship between a

binary response (i.e., presence or absence) and various explanatory

variables [34,35]. We constructed a set of candidate habitat

models for comparison and hypothesis testing with presence/

absence snorkel data (spring 2009), physical variables (2D

hydrodynamic data and substrate maps), logistic regression, and

cell-based modeling. We used ArcGIS (version 9x; Redlands, CA)

for database construction, SPSS (Chicago, Ill) for logistic

regression, and ARC/INFO GRID (ESRI, 1992) for cell-based

modeling.

A couple of challenges we faced when developing a model were

spatial errors in the observations (, 0.5–1 m) and an uneven

distribution of dace, reflecting habitat preferences at certain

locations. We dealt with spatial errors by randomly generating

locations inside of occupied patch boundaries, reasoning that the

fish were moving and feeding at the time of observation. We

preserved the unequal distribution of dace by generating the same

number of random points in each patch as the mean number

observed in the snorkel surveys. Lastly, we characterized the

larger, unused (background) portion of Plummer Springbrook by

generating more absences than presences [36,37], with a

minimum spacing of 12 cm (309 absences versus 141 presences;

Fig. 2). Our approach reduced spatial autocorrelation by ensuring

that no cell was sampled twice and that its neighboring cells were

empty, while capturing habitat preferences through the unequal

allocation of random points that were informed by snorkel

abundance data. Following the compilation of random points,

we attributed each location with its respective environmental

features (e.g., velocity, depth) with a GIS.

We evaluated the predictive capability of combinations of

covariates on dace occurrence with multivariate logistic regression.

Given the field work that had been conducted to date on the

Refuge, we held an a priori assumption that a combination of

geomorphic features and hydraulic conditions was important for

Moapa dace (Table 1). We used backward elimination and the

likelihood-ratio test to identify significant covariates, starting with

a full model and then progressively removing one or more

variables and examining the change in Akaike’s information

criterion (AIC) [38]. We checked for nonlinearity between the logit

and a continuous variable with quadratic, cubic, and log terms

[39]. We evaluated 11 candidate models, comparing their

performance with AIC model weights [38], Nagelkerke’s pseudo-

R2 [40], Hosmer–Lemeshow goodness-of-fit statistic Ĉ [34], a

binary classification table [41], and a Receiver Operating

Characteristic (ROC) area-under-the-curve (AUC) [42].

Model Application and Verification
We generated spatially explicit maps of predicted Moapa dace

habitat in Plummer Springbrook with cell-based modeling

techniques [33], populating each model with its respective

predictor variables (grids). We examined model accuracy with

snorkel data described previously. We focused only on presence

locations for verification purposes since the differences in Moapa

dace numbers (,4X, this paper) on the three Refuge springbrooks

were large, reflecting the recent history of habitat modifications

and enhancement on each stream, versus the quality of habitat,

making a comparison of model commission meaningless among

streams.

We constructed a binary habitat map for each model by

applying a probability cutpoint (threshold) of 0.3, which we

obtained through trial and error during the model development

and testing phase on Plummer Springbrook, balancing omission

and commission errors [37]. Specifically, grid cells with a

probability .0.3 were assigned a value of 1 (habitat), while cells

with probabilities #0.3 were converted to zero (non-habitat). We

used a GIS to overlay dace locations and habitat maps, calculating

accuracy as the percentage of dace locations that fell within

predicted suitable areas. Since there was some error in assigning

locations of dace observed in the field to a map, we considered any

Table 1. Predictor variables used for Moapa dace habitat modeling.

Variable Type Description

VEL Continuous Depth-averaged velocity (m/s) obtained from 2D hydrodynamic model

DEP Continuous Water depth (m) obtained from 2D boundary conditions

FRD Continuous Froude values greater than 1 are super-critical flow; values ,1 are sub-critical flow

SUB3 Categorical Three substrate classes: 1 = fines, 2 = gravels, 3 = cobbles/boulders

SUB7 Categorical Seven substrate classes: the three groups (SUB3) are further subdivided by size

TMP Continuous Temperature uC

doi:10.1371/journal.pone.0055551.t001
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dace that fell within two cells (,24 cm) of an occupied patch to be

a correct classification.

We assessed model fit by examining the density of presence

locations found within discrete probability classes [31,37].

Specifically, we created 20% interval classes from the continuous

probabilities output from the habitat model, overlaid dace

locations, and calculated the density of dace within each

probability class (number of dace/cell/probability class). A good

fit to the model should be demonstrated by an increasing number

of dace locations inside of higher probability classes.

Extrapolating the models to Apcar and Pedersen springbrooks

required that we not change the model coefficients or

probability threshold that were obtained on Plummer Spring-

brook, only the predictor grids (substrate, velocity, depth,

Froude number). Applying the Plummer Springbrook habitat

model to Plummer, Apcar, and Pedersen springbrooks ensured

a true test of our habitat model in a spatial and temporal

perspective.

Hydraulic Habitat Simulations
We conducted habitat simulations over a range of flows by

ramping up or drawing down the flow in each Refuge springbrook

by 30% relative to its baseflow, in 10% increments, calculating the

amount of habitat at each flow with the habitat model. We

tabulated the amount of predicted dace habitat for each flow

simulation and displayed the results in bar graphs. Due to different

reach lengths and base flows of the three springbrooks, we

standardized our results for comparison purposes in two ways.

First, we divided the amount of predicted habitat for each habitat-

flow simulation by the length of springbrook, resulting in the

amount of predicted habitat per-linear-meter of channel. Second,

we divided the difference between each habitat-flow simulation

Figure 2. Random sample locations used for model development inside and outside of occupied dace patches in Plummer
Springbrook. Snorkel surveys in the spring of 2009 were conducted to determine the locations of Moapa dace (shown in red), while absence
locations were generated randomly outside of known dace sites with a GIS (309 absences and 141 presences).
doi:10.1371/journal.pone.0055551.g002
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from its base-flow habitat estimate, producing the magnitude of

change relative to its baseflow.

Results

Hydrodynamic Modeling
Two-dimensional hydraulic simulations for Plummer, Pedersen,

and Apcar springbrooks achieved velocity and depth accuracies

from 74%–91% (RMSE) and 84%–92%, respectively (see File S3).

Each 2D springbrook simulation produced distinct patterns in

depths and velocities, with pools and riffles easily discerned by

their shapes and profiles (see File S4). Applying Froude thresholds

to velocity and depth data revealed that Plummer Springbrook

was comprised of 70% pools, 18% glides, and 12% riffles

(baseflow = 0.071 cms). In contrast, Pedersen Springbrook was

comprised of 50% pools, 33% glides, and 17% riffles (base-

flow = 0.108 cms). Lastly, Apcar was comprised of 67% pools,

15% glides, and 18% riffles (baseflow = 0.066 cms).

Snorkel Surveys
Snorkel surveys in Plummer Springbrook (20 April through 28

May, 2009) revealed that dace were located at similar locations in

different surveys, but moved significantly between sites (CV ,
60%). However, overall abundance changed little between surveys

(,5%), with an average of 141 dace, or 1.1 fish per-linear-meter of

stream channel inside the Refuge. The two follow-up snorkel

surveys in Plummer Springbrook detected 127 dace on 30 Jan

2010 (0.96 fish/m) and 161 dace on 30 Jan 2011 (1.2 fish/m). In

contrast, only 62 dace were detected on Pedersen Springbrook on

30 Jan 2011 (0.26 fish/m) and 34 dace on Apcar Springbrook

(0.21 fish/m). Thus, Plummer Springbrook had ,4 times the

number of dace per-linear-meter of springbrook than the other

two refuge streams.

Habitat Modeling
We saw distinct differences in velocity and depth conditions

selected by Moapa dace, as compared to random background

locations, in Plummer Springbrook at a baseflow of 0.071 cms

(Fig. 3A), and a small difference in temperature (Fig. 3B). The

further apart each group’s medians, the stronger the evidence for

habitat selectivity, while the closer the quartiles are within a group

(i.e., 0 or 1), the smaller (more specific) the niche. The largest

differences in median values between each sample group, listed in

descending order of importance, were water depth, Froude

number, stream temperature, and velocity. For the categorical

variable substrate (Fig. 3C), the largest number of absence

locations occurred inside cobble/boulder areas, while the largest

number of presence locations occurred inside gravel areas.

Univariate logistic regression revealed that water depth had the

closest association with dace locations during the spring of 2009

(Table 2; baseflow = 0.071 cms), followed in descending order of

importance by substrate (3 classes), Froude number (continuous),

velocity, and water temperature. Water depth obtained a good fit

across 10 probability deciles (Ĉ = 0.5), explained 37% of the

variability, achieved 75.1% overall classification accuracy (binary;

probability threshold = 0.3), and achieved an AUC of 0.82. The

next closest univariate was substrate, with an AUC of 0.71. Of the

univariables, only temperature had a non-significant AUC.

Of the 13 models we tested (Table 2) the top performer

(according to AIC) contained a depth and substrate variable, plus a

Froude variable (Model 1). Model 2 was also strongly supported by

AIC (DAIC = 1.78), but contained a velocity variable in place of

the Froude variable. We could not pair velocity into most models

that contained Froude due to high colinearity, but we could pair
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depth with Froude - even though Froude incorporates depth into

its computation. There was moderate support for Models 3–7

(DAIC between 3 and 6), with no support for the remaining six

models (DAIC .79). The critical variable that resulted in the large

gap in AIC scores between Models 1 thru 7 and Models 8 thru 13

was depth. Whenever depth was in a model, it was either strongly

(Models 1,2) or moderately (Models 3–7) supported. No other

covariate influenced the multivariate models to the magnitude of

depth, with substrate a distant second, followed by Froude

number, velocity, and temperature. Depth was also the best

univariate model (Model 6), achieving equal model-fit statistics as

the top five models, with the exception of its AIC score

(DAIC = 4.455). The two temperature models (5 and 7) were only

moderately supported by AIC, but Model 5 achieved the best

overall model fit (Ĉ = 0.821) and tied model 1 for best R2 (0.403)

and AUC (0.838), while Model 7 obtained the best overall

classification accuracy (76.6%), indicating temperature played a

small role in dace habitat selection in Plummer Springbrook.

We selected Model 2 for model extrapolation into Apcar and

Pedersen springbrooks, and for hydraulic-habitat simulations (i.e.,

ramping up and drawing down flows), because it was strongly

supported by AIC, achieved a reasonably good model fit

(Ĉ = 0.608), and velocity is easier to interpret than the Froude

number. We also found little difference in performance between

these two models from an accuracy or spatially explicit perspective

(model parameters for Models 1 and 2 are listed in Table 3). We

retained covariates in Models 1 or 2 if they improved the overall fit

Figure 3. Box-and-whisker plots and bar graphs display the
range of environmental values found at 450 sample locations
in Plummer Springbrook (see Fig. 2). Panel A displays the
distribution of velocity (m/sec), depth (m), and Froude values; panel B
shows temperature values; panel C portrays the number of presence or
absence sample locations found within three substrate classes (1 = fines,
2 = gravels, 3 = cobble/boulder).
doi:10.1371/journal.pone.0055551.g003

Table 2. Model results for univariate and multivariate logistic regression, listed from best to worst according to AIC score (n = 450;
309 absences and 141 presences).

Model LL NPar AIC DAIC w Ĉ R2 OA AUC Variables

1 407.461 8 423.461 0.000 0.484 0.685 0.403 76.20 0.838 *DEP, FRD, SUB3

2 409.241 8 425.241 1.780 0.199 0.608 0.399 76.20 0.835 *DEP, VEL, SUB3

3 421.035 3 427.035 3.574 0.081 0.499 0.372 75.70 0.826 *DEP, FRD

4 419.037 4 427.037 3.576 0.081 0.797 0.377 75.05 0.826 *DEP, VEL, FRD

5 407.284 10 427.284 3.828 0.072 0.821 0.403 76.30 0.838 *DEP,FRD,TMP,SUB3

6 421.916 3 427.916 4.455 0.052 0.499 0.370 75.10 0.823 DEP

7 408.963 10 428.963 5.502 0.031 0.488 0.400 76.55 0.835 *DEP,VEL,TMP,SUB3

8 494.787 4 502.787 79.326 0.000 NA 0.188 69.45 0.708 SUB3

9 491.44 8 507.440 83.979 0.000 NA 0.197 68.65 0.724 SUB7

10 519.993 2 523.993 100.532 0.000 0.040 0.118 59.50 0.664 FRD

11 522.173 3 528.173 104.712 0.000 0.247 0.112 61.65 0.670 VEL

12 527.814 4 535.814 112.353 0.000 NA 0.096 59.60 0.598 FRD3

13 559.568 1 561.568 138.107 0.000 0.000 0.000 54.90 0.500 TMP

Statistics presented are twice the negative log-likelihood value (22L), the number of parameters (NPar), change in AIC score when compared to the best model (DAIC),
AIC model weight (w), Hosmer-Lemeshow goodness-of-fit statistic (Ĉ), Nagelkerke pseudo R-squared (R2), overall classification accuracy (OA), ROC area-under-the-curve
(AUC), and the principal variables in each model (higher-order terms not shown. For variable descriptions, see Table 1; * denotes the variable that had the greatest
influence on the model’s log likelihood. Quadratic terms are not shown in the Variables field.
doi:10.1371/journal.pone.0055551.t002

Table 3. Model parameters and coefficients for Model 1 (top)
and Model 2 (bottom): outputs were obtained from multiple
logistic regression on Plummer Creek, with samples collected
in the spring of 2009 (n = 450; 309 absences and 141
presences).

Model 1

Variable B S.E. Wald df Sig.

DEP 12.745 4.402 8.383 1 0.004

DEP_2 28.956 7.822 1.311 1 0.252

FRD 4.778 6.065 0.621 1 0.431

FRD_2 222.941 20.594 1.241 1 0.265

SUB3 (reference) 10.44 2 0.005

SUB3 (class 1) 1.134 0.442 6.595 1 0.01

SUB3 (class 2) 0.8 0.282 8.031 1 0.005

Constant 23.838 0.626 37.634 1 0

Model 2

DEP 13.935 4.426 9.913 1 0.002

DEP_2 210.923 7.746 1.989 1 0.158

SUB3 (reference) 10.272 2 0.006

SUB (class 1) 1.126 0.447 6.345 1 0.012

SUB (class 2) 0.796 0.282 7.979 1 0.005

vel252b 4.238 5.135 0.681 1 0.409

vel252b_2 215.174 14.272 1.13 1 0.288

Constant 24.047 0.604 44.914 1 0

See Table 1 for variable definitions; variables with an underscore (e.g., Dep_2)
are squared terms.
doi:10.1371/journal.pone.0055551.t003
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of the model (Ĉ), regardless of statistical significance (Table 3).

While quadratic terms improved the fit of both models, indicating

non-linear relationships, logarithmic and cubic functions failed to

improve model fit.

Interpretation of the odds ratios (exp b) and model coefficients

for Models 1 or 2 provided information about the habitat

preferences of dace. Specifically, dace were approximately three

times as likely to occur on sandy substrates as a cobble-boulder

substrate, and approximately two times as likely on a gravel

surface. Interpretation of the squared terms revealed that in small

springbrooks dace about 40 to 85 mm FL preferred water depths

between 0.64 and 0.71 m, a Froude value of 0.1 (non-stagnant

pool), and a velocity of 0.14 m/s. These values changed slightly

when other models were examined, but they were not as well

supported by AIC as Models 1 or 2.

Model Application and Verification
Model 2 produced a mean probability for dace habitat in

Plummer Springbrook of 0.21 (baseflow 0.071 cms), with a

maximum of 0.83 and a minimum of 0. Applying a habitat

probability threshold of 0.3, 26.8% (0.007 ha) of Plummer

Springbrook was predicted to be dace habitat at a baseflow of

0.069 cms (see File S4). Model 2 achieved 88% accuracy in August

2010 when challenged with independent snorkel data (22 out of 25

sites correct), 90.5% accuracy in January 2010 (19 of 21), and

91.1% in January 2011 (41 out of 45).

Model 2 obtained a good fit when we examined dace density

per probability class in Plummer Springbrook, using snorkel data

in the spring of 2009 (Fig. 4). For this analysis we merged

probability classes 4 and 5 since the model’s probabilities topped

out at 84%, producing too few cells or fish observations in class 5

to stand alone. Thus, we calculated dace densities inside four

probability classes: 0–20%, 20.1–40%, 40.1–60%, and .60%.

The following equation describes the relationship between dace

density and the four probability classes in Plummer Springbrook.

D~0:009X{0:0077:

where D is the density of dace per cell (0.0144 m2) for a given

probability class. Our density estimate for Plummer Springbrook

appeared to represent future dace conditions too since the

numbers of dace in the two future snorkel surveys bracketed the

numbers observed in the spring of 2009, with the locations

approximately the same.

The mean probability of dace occurrence in Pedersen Spring-

brook, using Model 2, was 22.2% (baseflow 0.108 cms), with a

maximum probability of 85.3%, and a minimum of 0%. Applying

a 30% probability threshold resulted in 29.3% (0.013 ha) of the

springbrook predicted to be dace habitat (see File S4). When we

challenged the habitat model to independent snorkel data

collected in January 2011, the model achieved 84.6% accuracy

(22 of 26 sites correctly classified). The mean model probability for

Apcar Springbrook, using Model 2, was 30.8% (baseflow

0.066 cms), with a maximum probability of 86% and a minimum

of 0%. Applying a 30% probability threshold resulted in 42.7%

(0.013 ha) of Apcar Springbrook predicted to be dace habitat (see

File S4). When we challenged the habitat model to independent

snorkel data collected in January 2011, the model achieved 90%

accuracy (18 of 20 sites).

Hydraulic Habitat Simulations
When we supplied the habitat model with seven flows, starting

at a 30% increase over baseflow and then descending in 10%

increments - until a 30% reduction was achieved - habitat (per-

linear-meter of stream channel) appeared to decrease steadily in

Plummer and Apcar springbrooks (Fig. 5A). This pattern was not

the same for Pedersen Springbrook, where the maximum habitat

was obtained at a 10% increase over baseflow, before leveling out.

The amount of predicted habitat per-linear-meter of springbrook

revealed that Apcar Springbrook is expected to produce the most

dace habitat over the range of flows. The slope of the increase for

Plummer Springbrook appeared similar to Apcar, but the amount

of predicted habitat per-linear-meter of channel was approxi-

mately 30% less. In contrast, Plummer and Pedersen springbrooks

had different slopes (reactions), but the amount of predicted

habitat per-linear-meter of springbrook was similar at the top and

bottom of the flow simulations. However, Pedersen Springbrook

appeared more responsive to flows between minus 20% and plus

20% compared with Plummer Springbrook. When we simulated

how dace habitat in each springbrook would change in relation to

its baseflow prediction (Fig. 5B), Plummer Springbrook appeared

the most sensitive, with potential losses of approximately 30% and

increases of 10%. Pedersen Springbrook appeared to be the

second most sensitive to flow modifications, with potential habitat

losses of 15% and gains of 2%. In contrast, Apcar Springbrook

gained or lost approximately 5% of its predicted dace habitat in

relation to its baseflow, indicating it was least sensitive to flow

alteration.

Discussion

Hydrodynamic and Habitat Modeling Accuracies
The accuracy rate of our 2D hydrodynamic flow simulations

ranged from 73–91%, under baseflow conditions, which is

consistent with other 2D studies on large and small streams

[26,30,43]. We were unable to calibrate or validate non-baseflow

simulations given the unvarying springheads over the study period.

Calibration typically involves changing mesh configuration or

roughness values to achieve closer agreement between simulated

and measured water surface elevations and velocities [23,30].

Thus, our flow simulations may have bias that could affect habitat

classification, but the baseflow had good verification results and it

was the midrange of our flow simulations. To our knowledge these

are some of the smallest streams where 2D fish-habitat modeling

has been conducted and we are satisfied given the 85–91%

accuracies Model 2 achieved with temporally and spatially

independent snorkel-survey data. Furthermore, the excellent linear

fit between the model’s probability classes and dace densities

demonstrated that the model provided useful information about

the quality of dace habitat (i.e., higher dace numbers informed the

model of preferred hydrogeomorphic conditions).

Habitat-flow Simulations
Plummer and Apcar springbrooks produced proportionately

more habitat as flows increased, while Pedersen springbrook

reached a plateau after a 10% increase, suggesting a geomorphic

constraint. In contrast, Plummer and Apcar springbrooks

appeared relatively unconstrained by geomorphology and thus

dace might benefit from increased flows. Conversely, habitat

simulations consistently showed in each springbrook that reduced

flows produce less Moapa dace habitat. A reduction in habitat is

typically followed by a reduction in population number, thus the

information in this study is important when considering popula-

tion dynamics in relation to streamflow [44].

Because Refuge springbrooks are close to spring heads, Refuge

habitat experienced a very narrow temperature range and our

analysis garnered only moderate support for the two temperature
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models (Table 2, Models 5,7). Had we had the opportunity to

study Moapa dace in its historic range in the Muddy River, where

waters are cooler, the influence of temperature in our models

would likely be greater because larger, older fishes frequently

inhabit cooler water [45,46]; a phenomena previously observed in

Moapa dace [12]. A reduction in springflows on the Refuge or

Muddy River could result in stream cooling [47], which may

reduce the area currently suitable for rearing, foraging, and

spawning (26u232uC).

Detection
Moapa dace have patchy distribution and congregate in

predictable hydraulic conditions, as defined by our model.

Foraging primarily upon drift [12], Moapa dace presumably

select hydraulic conditions that promote optimal foraging [48],

hence their patchy distribution. They are also quite transient,

frequently moving among patches [14], with an average move-

ment of 68 m between bi-monthly sampling events, and ,30%

leaving the refuge entirely (Mark Hereford, USGS Biologist,

personal communication). As more information is gathered

through tagging and genetic analysis, we will gain a better

understanding of dace migration rates on and off the refuge,

particularly at finer temporal and spatial scales. Until this occurs,

we chose not to incorporate detection probabilities into our

modeling approach [49].

Habitat selection can be density dependent with only higher

quality habitat used when population numbers are low [50,51].

The Plummer Springbrook was inhabited by well over 50% of the

Moapa dace population during the period of our study and

presumably virtually all available habitats were occupied during

our snorkel surveys. We are confident based upon our extrapo-

lation tests (temporally and spatially) that the habitat model we

developed for Plummer Springbrook, and extrapolated to

Pedersen and Apcar springbrooks, captured the essential features

that comprise dace habitat. Namely, water depth, substrate

composition, Froude number, and velocity, with temperature a

distant last.

Habitat Restoration-Rehabilitation
Habitat rehabilitation in the three Refuge springbrooks was

crudely modeled on sites observed to support congregations of

foraging Moapa dace before they became restricted to the Refuge

(Unpublished report: G. Gary Scoppettone). Most sites were in the

upper Muddy River where the catchment basin intermittently

floods, producing flows well beyond the historic 1.1 m3/s

attributed solely to thermal springs [9]. The cut and fill alluviation

produced by intermittent flooding most likely built and destroyed

Moapa dace habitat in the main-stem Muddy River in a dynamic

process that has occurred for thousands of years. These dynamic

flooding-erosion processes generally decrease in an upstream

direction [52], thus catchments with smaller or reduced drainage

areas are not as dynamic. The Refuge springbrooks have all been

cut off from their respective sub- catchment basins and thus the

quality of Moapa dace habitat will likely degrade in time due to

emergent and submergent vegetation. Without intermittent

flooding to maintain or generate new dace habitat, the Refuge

springbrooks will need to be continually monitored for habitat

quality, with habitat restoration conducted on an as-needed basis.

Our habitat models provide targets and thresholds for managers

in the development, evaluation, and monitoring of dace habitat.

For example, the amount of predicted habitat from our models

can be used as an indicator of the effectiveness of a restoration or

Figure 4. The relationship between Moapa dace density and four probability classes in Plummer Creek, as output by Model 2.
Probability classes are 1 (0–20%), 2 (20.1–40%, 3 (40.1–60%), and 4 (.60%). Dace densities were obtained by averaging three back-to-back snorkel
surveys (spring of 2009), counting the number of dace within each probability class, and dividing by the number of cells (0.0144 m2) found within
each probability class.
doi:10.1371/journal.pone.0055551.g004
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enhancement activity. In addition, changes in habitat quantity or

quality could be assessed by calculating habitat prior to and after a

restoration or enhancement activity, calculating the mean

probability for a given reach, or habitat quantity through

application of a probability threshold (30% for our models). It is

also possible to use the habitat models to simulate the benefits of a

given restoration or enhancement activity before committing the

funds for on-the-ground efforts to implement the proposal.

Simulating an enhancement activity would involve modifying the

bathymetry, rerunning the 2D hydraulic model, and recomputing

habitat. One could compare multiple scenarios when determining

the most optimum use of resources for the restoration or

enhancement of dace habitat. The final evaluation criterion for

any project should be the number of dace observed prior to and

following a restoration or enhancement activity, with the models

providing guidance on the achievement and monitoring of dace

habitat over space and time.

Conclusion
This study indicates that a reduction in spring discharge within

Moapa Valley National Wildlife Refuge will cause a reduction in

important refugial habitat for Moapa dace, and may exacerbate

native-nonnative interactions [53,54]. The Muddy River’s car-

bonate aquifer is being closely monitored to prevent breaching its

sustainability (personal communication, Lee Simons, U.S. Fish

and Wildlife Service, Las Vegas, Nevada). However, there are

concerns that pumping from the aquifer may cause an unintended

overdraft and a reduction in spring discharge [21]. Another

looming threat to sustaining the Muddy River’s carbonate aquifer

is global climate change. The southwest is expected to get warmer

and drier in the next century, with spring and summer streamflows

predicted to be significantly reduced [5,6]. While it is unknown

how climate change will affect the groundwater in the vicinity of

the Refuge, it will probably decrease as the climate warms and

dries. Our model provides important information to managers

charged with protecting and recovery of Moapa dace in an era of

potential reduction in thermal spring discharge feeding the Muddy

River.

The focus of this study was Moapa dace, but our results have

implications for seven other aquatic species listed as sensitive in the

Muddy River ecosystem [11]. Each species has its own specific

habitat requirements, by life stage, but they all share the Muddy

River ecosystem and a threat to one species is a concern for all. We

have shown that reduced flows on the Refuge will threaten Moapa

dace habitat, while increased flows would provide benefits. Until

we know more about the habitat preferences of all aquatic species

in the Muddy River ecosystem, a water conservation strategy that

minimizes any net loss in habitat is desirable.
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File S1 Background information on substrate and
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hydraulic simulations.
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File S3 2D hydrodynamic model calibration and verifi-
cation charts for each springbrook.
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File S4 2D hydrodynamic model output and habitat
maps for each springbrook.
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Video S1 A typical sandy-bottom plunge-pool habitat
selected by Moapa dace. Identified by their fusiform body and

deeply forked tail with black spot at its base, Moapa dace are

actively working the water column for drift items. Also in the video

are Moapa White River springfish identified by their square tail.

Both species are thermal endemic, typically occurring in water

temperatures from 26 to 32uC and are restricted to the headwaters

of the Muddy River, Clark County, Nevada where the river

originates from a series of thermal springs. Video provided by Pete

Rissler (U.S. Geological Survey).

(MP4)
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DISCLAIMER

Recoveryplansdelineatereasonableactionsbelievedto be required torecover
and/or protectlisted species.Plans publishedby theU.S. FishandWildlife Service
orNational MarineFisheriesService aresometimespreparedwith the assistanceof
recoveryteams, contractors, Stateagencies,andotheraffectedandinterested
parties. Recoveryteamsserveasindependentadvisorsto the Services.Plans are
reviewedby thepublic andsubmittedto additionalpeerreview before they are
adoptedby theServices. Objectivesof the planwill be attainedand anynecessary
funds madeavailablesubject to budgetaryandotherconstraints affectingthe
partiesinvolved,as well as the need to address otherpriorities. Recoveryplansdo
not obligateotherpartiesto undertakespecific tasksandmaynotrepresentthe
viewsnortheofficial positionsorapprovalofanyindividualsoragencies involved
in theplanformulation,otherthantheU.S. FishandWildlife Service/National
MarineFisheriesService. They represent theofficial positionoftheNational
MarineFisheriesService!U.S. FishandWildlife Serviceonly after they havebeen
signedby the AssistantAdministrator/RegionalDirectororDirectoras approved.
Approved recoveryplansare subject tomodificationas dictatedby newfindings,
changes inspecies status,andthecompletionofrecoverytasks.

By approving thisdocument,theDirector/Regional Director/Assistant
Administratorcertifiesthatthedatausedin its developmentrepresentsthebest
scientificandcommercialdataavailableat thetime it was written. Copiesofall
documentsreviewed in developmentofthe plan areavailablein the administrative
record,located attheNevadaStateOffice oftheU.S. FishandWildlife Service,
Reno, Nevada.

Literature Citation ofthis documentshould read as follows:

U.S. FishandWildlife Service. 1995. RecoveryPlanfor the RareAquaticSpecies
oftheMuddyRiverEcosystem.Portland,Oregon. 60 pp.

Additional copiesmay be purchasedfrom:

FishandWildlife Reference Service
5430 Grosvenor Lane, Suite110
Bethesda, Maryland20814
Telephone: (301)492-6403 or 1 (800)582-3421

Feesfor recoveryplans varydependingon thenumberofpages.
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EXECUTIVE SUMMARY OF THE RECOVERY PLAN FOR TILE
RARE AQUATIC SPECIES OF THE MUDDY RIVER ECOSYSTEM

Current SpeciesStatus: TheMoapa dace(Moapacoriacea)was listed as
endangeredon March 11, 1967 (32 Federal~.gisi~r 4001). Itoccupies
approximately9.5 kilometers(6 miles) of stream habitat in five thermalheadwater
spring systemsandthemain stemof theupperMuddy (= Moapa) River,Clark
County, Nevada.Critical habitat has notbeendesignated.A range-widesurvey
documented3,841 adultMoapa dace inAugust1994. TheMuddy River
ecosystemis also inhabitedby sevenaquatic speciesof specialconcern(three fish,
two snails,andtwo insects).

Habitat Requirementsand Limiting Factors: Adult Moapadaceinhabit the
main stem MuddyRiver,but only successfullyreproducein tributary thermal
springoutflows (30~32oCelsius;86~89.6oFahrenheit).Larval andjuvenile dace
occur in low-to moderate-velocityareasin thespringoutflows. Moapadaceare
omnivorous driftfeeders.Principle threatsto the species are habitatalterations
which have eliminatedaccessto and/ordestroyedspawning,nursery,andforaging
areas; waterloss; impoundments;andintroductionsof nonnativefishesand
parasites.

RecoveryObjective: Delisting.

RecoveryCriteria: Moapadace willbe consideredfor reclassificationfrom
endangered to threatenedwhen: 1)Existinginstream flows andhistoricalhabitat
in threeof the fiveoccupiedspring systems (Apcar,Baldwin,CardyLamb,
Muddy Spring, Refuge)and the upperMuddyRiver have beenprotectedthrough
conservationagreements, easements,or feetitle acquisitions; 2) 4,500 adult
Moapadaceare present among the fivespring systemsand the upperMuddy
River; and3) the Moapadacepopulationis comprisedof threeormoreage-
classes,andreproductionandrecruitmentaredocumentedfrom threespring
systems.

Moapadacewill be consideredfor delistingprovided thatall reclassification
criteriahave beenmet andwhen: 1)6,000 adultMoapadacearepresent among
the fivespring systemsandtheupperMuddy River for5 consecutiveyears;2) 75
percentofthe historicalhabitatin thefive spring systemsand the upperMuddy
RiverprovidesMoapa dacespawning,nursery,cover,and/orforaginghabitat; and
3) nonnative fishes and parasitesno longeradversely affect thelong-termsurvival
ofMoapadace. These recovery criteriaarepreliminary andmaybe revisedon the
basisof newinformation(including researchspecifiedasrecoverytasks).

ii
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ActionsNeeded

:

1. Protectinstreamflows andhistoricalhabitatwithin the upper Muddy Riverand
tributary spring systems.

2. Conductrestoration/managementactivities.
3. Monitor Moapa dacepopulation.
4. Researchpopulationhealth.
5. Providepublic informationandeducation.

Implementation Participants

:

The Nevada DivisionofWildlife andNationalBiological Servicewill beassisting
theU.S. FishandWildlife Service inimplementingrecoverytasks. For activities
occurringon privateland,landowner participationis alsoneeded.

Total Estimated Costof Recovery(1996-2OO8~: ($1,000’s)

Year Need1 Need2 Need3 Need4 Need5 Total

1996 51 51 11 0 19 132
1997 TBD 15+TBD 11 7 21 54+TBD
1998 TBD 15+TBD 11 0 6 32+TBD
1999 TBD 15+TBD 11 0 6 32+TBD
2000 TBD 15+TBD 11 0 6 32+TBD

Total 51+TBD 126+TBD 132 7 106 422+TBD

DateofRecovery: ReclassificationofMoapadacefrom endangeredto
threatenedcouldbeinitiated in 2000, if recoverycriteriafor threatened status are
met. Delistingcould beinitiatedin 2009, if reclassificationto threatenedstatus
occurs asscheduled.

iii
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L INTRODUCTION

A. Brief Overview

TheMuddy( Moapa)Riveris locatedin northeasternClark County,Nevada

(Figure 1). The riveroriginates fromnumerousthermalsprings[30~32o Celsius

(0C),86~89.6oFahrenheit(0F)] in an area known asWarmSprings. Historically,

theriver flowed 48.4kilometers (kin)[30 miles(mi)] into theVirgin River, a

ColoradoRiver tributary. However, whenHooverDam wascompletedin 1935,

thelower 8 km (5 mi) oftheMuddy River weresubsequentlyfloodedby Lake

Mead. Theremainingriverine habitathas anaveragegradientof 1.6 meters(in)

perkilometer [8.45 feet(ft) permile] (Cross1976).

Total discharge fromtheheadwaterspringsis nearlyconstantat approximately1.3

cubicmetersper second(m3/sec)[45.9cubicfeetpersecond(cfs)] (Eakin1964).

However,flow in themainstemMuddy Rivervarieswith precipitationevents,

seasonalwaterdiversions,groundwaterrecharge,vegetationtranspiration,

evaporation,andinigationreturnflows. BeforereachingLakeMead,nearly75

percentoftheannualinflow is lost to diversions,evaporation,andtranspiration

[Soil ConservationService (SCS)1993].

Streamsin theMoapaValleywereoriginally borderedby willow (Salixspp.) and

screwbeanmesquite(Prosopispubescens)(Longwell 1928,Harrington1929).

However,normative palmtreesare now thedominantripariantreespeciesalong

spring systemsin the WarmSpringsarea,andthey areincreasingin abundance

alongtheupper MuddyRiver. Salt cedar(Tamarixspp.),anothernonnative

species,is culTentlythe mostcommonriparian speciesalongthemiddle and lower

river.

TheMuddy Riverecosystemsupportseightrare,endemicaquaticspecies,

1
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Geographic location of the Muddy River and The Warm Springs
area, Clark Counly, Nevada.
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includingone endangeredfish. TheMoapa dace(Moapa coriacea)wasfederally

listed as endangered under the EndangeredSpeciesPreservation Actof 1966on

March 11, 1967 (32FederalRegister4001),andhasbeen afforded the protection

of the Endangered Species Act(ESA) sinceits inception in1973. TheU.S. Fish

and WildlifeService(USFWS)assigned Moapa dace arecoverypriority of 1

[eachlisted speciesis ranked from1 (highest)to 12]becauseit is the onlyspecies

within the genusMoapa,thereis a high degreeofthreat toits continued existence,

andit has a high potentialforrecovery.

TheUSFWSprepareda recovery planfor Moapa dace in1983,which specified

research-related tasks to guide recovery.This documentis arevisionof the 1983

recovery plan andincorporatesrecent researchdataand addresses thespecies’

currentstatus,threats,and recoveryneeds. It alsoaddresses thecurrentstatus,

threats,andrecoveryneedsof the sevenotherrareaquaticspecies (threefish, two

snails,andtwo insects) which occur with Moapa dace in the MuddyRiver

ecosystem and are speciesof specialconcern. These species maywarrantlisting

as eitherthreatenedorendangered, butstatusdataare notconclusiveat thepresent

time. Implementationof recoverytasksincluded inthis planshouldreducethe

threats to these speciesandmaymakelisting unnecessary.

B. SpeciesDescription

TheMoapadace(Figure2) was firstcollectedin 1938and wasdescribedby

HubbsandMiller (1948). Key identification characteristics are ablacksjot at the

baseofthe tail andsmall,embeddedscales, whichcreate a smooth leathery

appearance. Colorationis olive-yellow abovewith indistinctblotcheson the

sides;the bellyis white. A diffuse,golden-brownsidestripe may also be present.

Maximum sizeis approximately120millimeters(mm) [4.7 inches(in)] fork

length(FL; measuredfrom the tipofthe snoutto the baseof thefork in the tail),

3
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andtheoldestspecimenrecordedis over 4 years old(Scoppettoneet al. 1992).

Technicaldescriptionsof Moapa daceappearin HubbsandMiller (1948) and La

Rivers (1962).

Figure2. Moapadace(Moapacoriacea).

Among NorthAmerican minnows(Family: Cyprinidac),Moapais regardedas

beingmostcloselyrelated to the dacegeneraRhinichthys(speckled dace) and

Agosia(longfindace)(CoburnandCavender1992). Thesethreedace genera,

along with thegeneraGila (chub),Lepidomeda(spinedace),Meda(spikedace),

andPlagopterus(woundfm),developedfrom a singleancestraltype

(monophyletic)and areonly associated with the Colorado River Basin(Dr. Robert

R. Miller, UniversityofMichigan,pers. comm.).

C. Distribution

Moapadaceareendemicto the upperMuddyRiver andtributary thermalspring

systemswithin theWarmSprings area.Historically, they may have inhabited as

many as25 individual springsandup to 16 km (10 mi)ofstream habitat (Ono et

al. 1983). Coolerwatertemperaturesin the middleandlowerMuddy Riverwere

likely a naturalbarrierto downstreammovementof Moapa dace (La Rivers1962).

Moapadacecurrently inhabit approximately9.5 km (5.9 mi)of stream habitat

within five spring systemsand the upperMuddy River(Figure3). In the Muddy

4
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r
River, theirrangeextendsto approximately300 m (1,000 ft)downstreamofthe

WarmSpringsRoadbridge. Occupiedhabitatin the upper Muddy Riverandfour

springsystems(Apcar,Baldwin,Cardy Lamb,andMuddy Spring) is entirelyon

privateland. The fifth springsystemoriginateson Moapa Valley NationalWildlife

Refuge(NWR),but theoutflow (Refuge stream)flows through private land before

reaching theMuddyRiver.

D. Habitat and Life History

Habitat - Moapadaceoccupyavarietyofhabitatsin the Warm Springs area,

includingspringpools, tributaries(springoufflows), andthemain stem Muddy

River. Habitatusevaries amonglarval, juvenile, and adult life stages. Larvaldace

are foundonly in theupperreachesoftributariesandoccur most frequentlyin

slack water. Juvenilesoccurthroughouttributariesandoccupyhabitats with

increasingflow velocities as theygrow. Adult daceinhabit both tributariesandthe

main stemMuddyRiver, but occur more oftenin the river except during spawning

(Scoppettoneet al. 1987, 1992). Largeradultsaretypically associatedwith

higher-velocityflows [0.8-0.9 meter persecond(mlsec);2.6-3.0feet persecond

(ft/sec)] (Cross1976),andthelargestadultsoccurin the river(Scoppettoneet al.

1987).

AquaticplantssuchasCharaandotheralgae,spikerush(Eleocharisspp.),water

nymph(Najasspp.),watercress(Nasturtiumspp.),pondweed(Potamogetonspp.),

andnonnativeeel grass(Vallisneria spp.)areabundantin mostspringpoolsand

otherslackwaterareas. Suchvegetationis nearly absentfrom swift waterareas

inhabitedby adultMoapadace. Fibrousroots from nonnativepalmtrees

(Washingtoniafi4feraandPhoenixdactyl~fera)alsoprovide structurein spring

poolsand outflows,butnegativelyalter streamhydraulicsfor nativefishes.

Generalwaterqualitycharacteristicswithin Moapadacehabitat are asfollows:
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Temperature19.5-320C (67-89.60F) (IJSFWS1983);dissolvedoxygen 3.4-8.4

milligramsper liter (mg/L) [1mg/L 1 part permillion (ppm)] (LaRivers 1962,

DeaconandBradley1972, Scoppettoneetal. 1992);total dissolved solids606-

867 mg/L (ppm) (IJSFWS1983);andpH7.1-7.9 (DeaconandBradley1972,

Cross1976). Turbidity is highly variableandincreaseswith distance from the

springorifices; 39.7NephelometricTurbidity Unitshavebeenrecordedduring

heavyagriculturalrun-off(Scoppettone etal. 1987). Springpoolstypically

contain pebbleor organicsilt substrates, whiletributariesandtheMuddyRiver

have variouscombinationsofclay,sand,pebble,andcobblesubstrates(USEWS

1983).

Reproductive Biology - Moapa dacespawnyear-round; however,peakspawning

activity occurs in thespring,with lesseractivity in autumn(Scoppettoneet al.

1992). Sexualmaturityoccursat 1 yearofage,at approximately38-45 mm(1.5-

1.75 in) FL (HubbsandMiller 1948; Scoppettoneet al. 1987, 1992). Fecundityis

related tofish size;eggcountsrange from60 in a45 mm (1.75in) FL dace to772

in a 90 mm (3.5in) FL dace (Scoppettone etal. 1992).

Moapadace haveonly been found tosuccessfi.illyreproducein watertemperatures

of30-320C(86-89.60F).Therefore,sexuallymatureMoapa dacemustmigrate

upstreamfrom the Muddy River intothermaltributariesto spawnsuccessfully

(Scoppettoneet al. 1987). Moapa dace have never beenobservedspawning;

however,redds(nests)believedto be thoseof Moapa dacewere found

approximately150 m(500ft) downstreamfrom aspring orifice (Scoppettoneet al.

1992). Thereddswerein sandy-siltsubstrateat depthsof 15-19centimeters(cm)

(5.9-7.5in) and near-bedwatervelocitiesof 3.7-7.6cm/sec(1.5-3.0in/sec).

Thedurationofeggincubationis unknown,but is likely relativelyshort becauseof

thehighwatertemperatures.Emigrationof young-of-the-yearMoapadace from
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theRefugestream peaksin May(Scoppettoneet al. 1987),anddispersalis likely

similar in other tributaries withcomparablewatertemperatures.Mortality rates

havebeenestimatedat 68 percentfor the first year(juveniles)and65 percentthe

second year(adults)(Scoppettoneet al. 1987).

Food Habits - Moapa dace areomnivorous,asindicatedby: Phaxyngealteeth

(locatedin thethroat)with both cuttingandgrindingsuffaces(HubbsandMiller

1948, La Rivers 1962);agut lengthof96 percentofbody length(Scoppettoneet

al. 1987); andstomachcontents. StomachcontentsofMoapadaceinclude:

Beetles, mothsandbutterflies,trueflies, leafhoppers,truebugs,caddisflies,

mayflies, damselanddragonflies,worms,scuds,crustaceans,snails,filamentous

algae,vascularplants, detritus,and sand (Scoppettone etal. 1987, 1992).

Visual observationsofMoapadacehaverevealedthat they feedprimarily on drift

items,but adultsforage fromthesubstrateaswell. Larval dacefeed on plankton

in theupperwatercolumn,in areaswith little orno current, and juveniledacefeed

at mid-waterlevel [Mr. G. Gary Scoppettone, National BiologicalService (NBS),

pers.comm.; Scoppettone eta!. 1992]. Schoolsof 30 ormoredacehavebeen

observed congregatingat drift stationsto feed (Scoppettone etal. 1987). They

oftenusesiteswhere coveris providedby overhangingvegetationordepth(Dr.

DonaldW. Sada,AquaticEcologyandConservationConsulting,pers. comm.).

Drift stationsarealsolocatedin reachesoflow- to moderate-watervelocity

adjacent todepressionsin thesubstrate.Thesedepressionsmay belocated

downstreamofa pebbleriffle which createsturbulentflows. Moapadaceactively

feed24 hours aday,but peak feeding occursarounddawn and dusk(Scoppettone

etal. 1987).
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F. _____________________________

Speciesof SpecialConcern

In additionto Moapa dace,threeotherendemic minnowsarepresentin theMuddy

River ecosystem:Virgin Riverchub(Gila seminuda),Moapa speckleddace

(Rhinichthysosculusmoapae),andMoapa White Riverspringflsh(Crenichthys

baileyzmoapae).Also endemicto the WamiSprings area are the Moapa

pebblesnail(Fluminicola avernalis),gratedtryonia(Ti yoniaclathrata), Moapa

Warm Springriffle beetle(Stenelmis moapa),andAniargosa naucorid(Pelocoris

shoshoneshoshone).Thesesevenspeciesofspecialconcern arediscussedbelow.

Virgin River Chub

Virgin River chub(Figure 4) aresilverycoloredwith olive shading on the back.

Theirfins aresometimesapaleyellow-orange. Scaleson thebackandbelly are

unusuallysmallanddeeplyembedded;in someindividuals they aremissing

entirely. Thesefish appearstreamlined,andtheirtails aredeeplyforked. Their

mouthis trout-like, andtheirdiet consistsof avariety ofaquatic insects,algae,and

crustaceans.Maximum sizeis approximately46 cm (18in).

Figure4. Virgin Riverchub(Gila seminuda).

Chub have beencollectedinwatertemperaturesof 15-300C(59-86T)(Deacon

andBradley1972,Cross1976). They aretypically found in deep channelsand

poolswith sandybottomswherethereis coverin theform oflargerocks,
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overhangingstreambanks,ortreeroots(Scoppettoneunpubl. data). Virgin River

chubapparentlyavoid shallowriffles (Cross1976).

Virgin River chubin the MuddyRiverwereformerly considereda unique

subspeciesofroundtailchub[Moaparoundtailchub(G. robustassp.)](Holden

and Stalnaker1970,Minckley 1973, Smithetat 1979). However, genetic

researchhas shown thesefish to bethesamespeciesas thefederally endangered

Virgin River chub intheVirgin River(DeMaraisetal. 1992). No movementof

chubbetweenthese tworivers hasbeendocumentedsinceLakeMeadfilled (Allan

and Roden1978),andthese populations areconsidereddistinct(DeMaraiset at

1992,60 FederalB~gi~i~t 37866). The recovery needsofthe listedVirgin River

population arecoveredin the Virgin RiverFishesRecovery Plan(USFWS 1995);

therefore,only theMuddyRiverpopulationis consideredin this document.

Virgin River chubhave been collectedthroughoutthe MuddyRiver,butwere

historically most abundantbetweenthe WarmSpringsareaandLogandale

(Deaconand Bradley1972,Cross1976). During a1994populationcensus,8,251

chubwereobservedin theupperMuddyRiverandthefive tributaryspring

systems(Scoppettoneunpubi.data). In subsequenttrap netting surveys during

1994and 1995,973 chubwerecapturedin the Muddy Riverbetweenthe

confluencewith theRefugestreamandtheWarmSpringsRoadbridge,854

betweentheWarmSpringsRoad bridgeandWhite Narrows,1,915betweenWhite

NarrowsandReid-GardnerStation,and 717betweenReid-Gardner Station and

Interstate15 (Figures3 and5) (Scoppettoneunpubl.data). Thechubpopulation

in themainstemMuddyRiverbetweentheconfluencewith theRefuge streamand

Interstate15 wasestimated at20,593(confidenceinterval±7,339;adjusted

Petersen method) (Scoppettoneunpubl.data). Chub are rarely captured

downstreamofInterstate15 and havebeenextirpated downstreamofWells Siding

Diversion(Scoppettoneunpubl. data; Mr.JimHeinrich,Nevada
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Figure 5 Geographic features of Moapa Valley, Clark Count’~ Nevada.
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I
Division ofWildlife, unpubl. data; Deaconand Bradley1972; Cross 1976).

A declinein chubabundancein the Muddy River was first documentedin the

1 960ts(Wilson et al. 1966,DeaconandBradley1972). By 1964,theabundanceof

chub at a 1938collectionsite haddecreasedmorethan83 percent; asimilar

decrease(approximately92 percent)wasdocumented at a1942collectionsite

(Wilson etal. 1966). Between1964and 1968,DeaconandBradley(1972)noted

an upstreamshift in chubdistribution. By 1974-1975, thechubhadbeen

eliminatedfrom the lowerMuddy River andwerefurther reducedin abundance in

themiddleportionofthe river (Cross1976). Thespecies’declinemay have been

relatedto cumulativeeffectsofchangesin waterquality andquantity,and

substrate (DeaconandBradley1972,Cross1976); channelization(Cross1976);

nonnativefish species(Deacon etal. 1964,HubbsandDeacon1964,Deaconand

Bradley1972,Cross1976); andparasitism(Wilsonetal. 1966).

MoapaSpeckledDace

Moapaspeckleddace(Figure6) aregenerallyolive ortancolored ontheback

with faint darkerspecks.Thelower sidesandbelly areyellowishor cream

colored. They have arounded, elongatebody with a somewhat pointed head.

Theirtail is deeplyforked,andall otherfins arelargeandsickleshaped.During

thespawningseason,malesmaydeveloporange-redcoloration onthemouth,gill

covers,andfins. Maximumsizeis approximately10 cm (4in), andtheytypically

live 3 yearsor less. Moapaspeckleddace are considered mostcloselyrelatedto

Pahranagatspeckleddace(1?.. o. ve4fer)andVirgin River speckleddace (R. o.

yarrowi).

Thesefish typically live on thebottom inshallow, cobbleriffles, hiding in low flow

velocity areasbehindrocks (Cross1976). Spawninghabitatconsistsof
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smallpatchesofbarerocksand pebbleswhich areclearedofdebrisby the males.

Larval speckleddaceremain down in thepebblesfor ashort time andthen move

into lower velocityareas.Youngspeckleddacefeed primarilyon plankton,while

adults feedprimarily on aquaticinsectsandalgae.

Moapaspeckleddacehistoricallyhave occurredin relatively low numbers,

primarily in themiddle MuddyRiver(DeaconandBradley1972, Cross1976).

MoapadacemayexcludeMoapaspeckleddacefrom the upper riverand spring

systemsbecause speckleddacearetypically abundantin similarclear,thermal

waterhabitats (Deacon and Bradley1972). LakeMeadis a barrier todownstream

dispersal because the habitatis unsuitable(Miller 1952, Williams 1978).

Speckled dacecurrentlyinhabit approximately16.7km (10.4mi) oftheMuddy

River. In a 1994survey,a totalof 706Moapaspeckleddace were captured and

releasedin themainstem Muddy River(Scoppettoneunpubl. data). Of these,28

percentwerecapturedbetweenthe WarmSpringsRoadbridgeandWhite

Narrows,64 percentbetweenWhite NarrowsandReid-GardnerStation,and8

percent betweenReid-GardnerStationandInterstate15 (Figure5). Only one

speckled dacewascaughtdownstreamofthe Interstate15 bridge. Noestimateof

totalpopulationsizeis available.

DeaconandBradley(1972)noted that thedistributionofMoapa speckleddace

Figure6. Moapaspeckleddace(Rhznzchthysosculusmoapae).
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r
shiftedupstreambetween1964and 1967, asdid theVirgin River chub. Speckled

dacehavelikely alsobeenadverselyaffectedby reductions inwaterquality and

quantity,habitatmodifications,parasites,and competitionand/orpredationby

nonnativefish species.

MoapaWhite River Springflsh

MoapaWhite Riverspringflsh(Figure7) aregenerallyolive coloredon the back,

while the lowersidesandbelly fade toalmost white. The basesofthetail andthe

pectoralfins areyellow-orange. Twohorizontal rowsofblack spots arepresent

on thesides. The colorsoffemalefish arenot as intense asthoseofthemales.

Springflsharedeep-bodied,andmaximumlength is approximately5-7.6cm (2-3

in). Theytypically live 3 to 4 years. MoapaWhite Riverspringfish differfromthe

fourothersubspeciesofWhite Riverspringflsh(C. b. albivallis, C. b. baileyi, C.

b. grandis, andC. b. thermophilus)in body shape,numbersoffin rays,and

coloration(Williams andWilde 1981).

Figure7. MoapaWhite River spnngflsh(Crenichihysbaileyl moapae).

Moapa WhiteRiver springfishoccurin five spring systems(Apcar,Baldwin,Cardy

Lamb, Muddy Spring,Refuge)andtheupperMuddyRiver,but are most abundant

in thespring systems(DeaconandBradley1972,Cross1976,Scoppettone etal.

1987, Sadapers.comm.). Springfishareextremelytolerantofhigh water

temperaturesand lowdissolvedoxygen levels.Theytypically live at ornearthe
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springheadsandin poolsandbackwatersalongspring outflow streamsandthe

upperMuddy Riveruntil watertemperaturesbecometoocoldin downstream

reaches.However,springflshhavehistorically(1941)beencollectedin theMuddy

River as fardownstreamas the HiddenValleyRoadbridge(Figure5) (Deaconand

Bradley1972). SpringflshwerealsodocumenteddownstreamoftheHidden

ValleyRoad bridgein an artificial pond near the river in1986(Scoppettoneet al.

1987). Springflshprimarily eatfilamentousalgae,butalsoeataquaticinsects.

Summersurveysin 1984produced aspringflshpopulation estimateofnearly

25,000fish from thespringsystems;springflshin the upper Muddy River were not

surveyed(Scoppettone etal. 1987). Threats to MoapaWhiteRiver springflshare

waterloss,habitatmodifications, andcompetitionandpredationby nonnative

fishes.

Moapa Pebblesnail

Moapapebblesnailshellsarecone-shaped,but broad(Figure8). They are

sometimescalledturbansnails. The shellsarelessthan3.5 mm (0.14 in) long and

3.1 mm (0.12 in) wide (Landye 1973).Theoperculum(lid) is amber incolor.

MoapapebblesnailsaremembersoftheFamily Hydrobiidae.

Figure8. Moapapebblesnail(Fluminicolaavernalis).

Moapapebblesnails havebeencollectedat theApcar, Refuge,andPlummer

Springs,at springson WarmSpringsRanch(likely theBaldwin,Cardy Lamb,
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and/orMuddy Springsystems),and at a numberofotherunnamedspringsin the

WarmSpringsarea. Thesesnailsoccur onpebbles, cobbles,concretesurfaces,and

submergedvegetation. In 1973,they were consideredlocally abundantin the

Apearspring systemand springs on Warm Springs Ranchwith approximately5

snailspersquare centimeter(cm2) [32 per square inch(in2)]; otherspringshad

fewerthan1/cm2 (7fm2) (Landye1973). No declinesin abundancewerenoted

because nobaselinedatawereavailable. However,declinesassociatedwith

recreationaldevelopmentofthespringswerebelievedto have occurred,and

fUrther declineswere anticipated due to theintroductionofanOriental snail

(Melanoidesturberculatum)(Landye1973). Currentpopulationsize andstatus

are unknown.

Grated Tryonia

Grated tryoniashellsare cone-shapedand lessthan5 mm (0.2in) long (Figure 9)

(Landye1973). Prominentridgesrunthe lengthoftheshells,andfiner growth

lines can beseenbetweentheridges. GratedtryoniaaremembersoftheFamily

Hydrobiidae. This snailoccursmostoften in detritus andalgae. In 1973, they

wereconsideredlocally abundant inspring systemsassociatedwith the Muddy

River (Landye1973). Sada (pers.comm.)collectedtryoniaat MuddyandCardy

LambSpringsin 1992. Theyalso occurin spring systemsto the northin the

PabranagatandWhite RiverValleys, Nevada. Declines have beennoted

associatedwith theintroductionofM turberculatum,and habitatmodificationis

Figure 9. Grated tryonia (Tryonia clathrata).
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alsolikely athreat. However, current populationsize andstatus are unknown.

Moapa Warm Spring Riffle Beetle

MoapaWarmSpringriffle beetles (Figure10) arecylindrical andapproximately

3.5 mm (0.14in) longand 1 mm (0.04in) wide (Schmude 1992). Their backs are

reddish-brown,andthelegshave a greenishtint. A dark striperuns downthe

middle ofthehead. Althoughthese beetles have wings they areundeveloped,and

thebeetlesareflightless.

Figure 10. Moapa WarmSpring riffle beetle (Stenelmismoapa).

Adult riffle beetles typically occur in outflow streams immediately downstream of

the spring sources in swift, shallowwateron pebbles,algae-coveredrockswithin

sand-pebble areas, aquatic vegetation, and especially bare tree roots (Schmude

1992). They have also been documented from the upper MuddyRiver andin

marsh habitats connected tothespring systems,where thebeetleslive on

submerged grass and under overhanging grassy streambanks. They may also live

within submerged limestone (travertine) deposits. These beetles can live in water

as warm as 31.70C (89~F) and feed on algae.

As many as 149 riffle beetles have been collected at one time from the Plummer

spring system (Schmude 1992). In 1986, adult beetles were abundant there, but
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uncommonm the MuddyRiverupstreamoftheconfluencewith the Refuge

stream. Prior development of the Plummer spring system for recreation and

modifications to other occupied habitats are the greatest threats to the species.

Current population size and status are unknown. Moapa WarmSpring riffle

beetles were once thought to occur in Ash Springs and Hiko Springin the

Pahranagat Valley (La Rivers 1949, 1950), but these specimens were likely S.

occidentalis(Schmude1992).

AmargosaNaucorid

Amargosa naucorids are oval shaped, flattened bugswith front legs that form

pincers (Figure 11). The middle and back legs are modified for swimming. Many

naucorid species have fully developed flight wings, but flight is rarely observed.

Colors are variable and range from a blackish brown to yellow brown and even

green or gray. Body size is approximately 8-9 mm(0.31-0.35 in) long and 5 mm

(0.2 in) wide. The Amargosa naucorid is consistently smaller and has different

coloration than the one other Pelocorisshoshonesubspecies (P. s. amargosus)

found in the Amargosa River system in southwestern Nevada and Death Valley,

California (La Rivers 1956, Usinger 1956).

Naucorids eat various aquatic organisms including dragonfly, midge, and mosquito

larvae;waterboatmenandmollusks. They carry a small air bubble under water

Figure 11. Amargosa naucorid(Pelocorisshoshoneshoshone).
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with themto maxmizediving time. In theWarmSpringsarea,Amargosa

naucoridstypically live among aquaticplantsin pools and lower velocity stream

reaches, often under overhanging banks associated with marshy habitats. Current

population status is unknown, but habitat modification is likely the most significant

threat.

Other Species

Two otherendemicspeciespresentin the WarmSprings area are a naucorid

(Usingerinamoapensis)andawaterstrider(Rhagoveliabecki). Usingerina

moapensisoccursin pebblebedsin stream habitats with water temperatures

between23.9-31.70C(75-89F)(Usinger1956). Rhagoveliaare typically around

4 mm (0.16in) in length. They havesix legs withtufts of hairs on theends,which

enable them to live on water without breaking throughthesurface. In general,

thesewaterstridersinhabit swift riffle reaches (Usinger 1956). The current

populationsize,distribution,andpotentialthreats to these two species are

unknown.

E. Reasons for Listing

Changein Abundance- Moapadace werec~rathercommon”throughoutthe

Warm Springsareawhendiscoveredin 1938,inhabitingspringpools, tributaries,

andthemainstem MuddyRiver (HubbsandMiller 1948). La Rivers(1962)

consideredMoapa dace acommonspeciesonly until 1950. However, collections

by HubbsandMiller indicatethat Moapa dace werestill relativelyabundantin the

WarmSprings area as of 1959 (UMMZ1994).

A decline in Moapa dace abundance was first noted shortly after the introduction

of nonnative shortfln mollies (Poecilia mexicana)in 1963 (Deacon and Bradley

19

SE ROA 47239
JA_14292



1972,Cross1976). Exceptfor anincreasein abundanceat two historical

collectionsiteson theupperMuddy River in 1967,Moapa dace continued to

declinein both thespring systemsandtheupper riverin subsequent years(Deacon

andBradley1972). DeaconandBradley(1972) attributedthe 1967 increase to

Moapa dace temporarilyovercomingthedetrimentaleffectsofthemolly

introduction. However,thesedatacouldreflect naturalpopulationlevel

fluctuations,migrationofdacebetweenthespringsystemsandthemain stemriver,

orunidentifiedenvironmentalchanges.

In 1969,the InternationalUnion for ConservationofNatureandNatural

Resources(IUCN) estimated the Moapadacepopulation at500-1,000individuals

(Ono eta!. 1983),however, thebasisfor this population estimateis unknown.

Fieldsurveysofhistoricalcollectionsitesduring 1974-75documentedsubstantial

declinesin Moapadaceabundancesincethe 1964-68surveys(Cross1976). The

IUCN estimatedonly afewhundredMoapadaceremainedby 1977(Ono etal.

1983). WhentheoriginalMoapa DaceRecoveryPlanwaswrittenin 1983, the

Moapadace population was estimated to consistoflessthan 1,000 individuals,

restrictedto threespringsand lessthan3.2 km (2 mi) oftributary andmain stem

Muddy Riverhabitat(USFWS 1983).

During 1984-87,USEWS’sSeattleNational FisheriesResearchCenter(NFRC,

nowpartofthe NBS)extensivelysurveyedhistoricalMoapadacehabitatand

estimated theadult dacepopulation at 2,600to 2,800individuals(Scoppettoneet

al. 1992). This population estimate represented the most accurate data on

abundance and distribution ever gathered on the species. The apparent increase in

theMoapadacepopulationin the 1980’s may have been related to differences in

survey techniques between NFRCandpreviousresearchers.NFRC estimatedthe

Moapa dace population by snorkeling habitats within the WarmSprings area and

counting the numberofdaceobserved.Earliersurveyswere donewith seinesor
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by electrofishing,methodswhichprovideestimatesof relativeabundance,butare

less reliable for estimating the size of the Moapadace population(Scoppettone

pers. comm.). A portion of the apparent population increase was also likely

related to increased spawning habitatdueto restorationofspringoutflows on

MoapaValleyNWR

NBS resurveyedMoapa dacehabitatin 1994, anda totalof 3,841 adult dace were

observed(Scoppettoneunpubl. data). The numberofdacewouldlikely have been

approximately500 fish higher,if not for a catastrophicfire in June1994which

nearlyextirpatedMoapa dace in theentireRefugespring system(Scoppettone

pers.comm.).

Habitat Alteration - AlterationofMoapadacehabitatin theWarmSpringsarea

began before thespecieswasdiscovered,primarily for irrigationpurposes

(Scrugham1920). Thespring systemsandtheupperMuddyRiver havesincebeen

developed for recreational, industrial, andmunicipalusesaswell.

Natural spring pools in both the Plummer (Desert Oasis WarmSprings Resort) and

Refuge (7-12 WarmSpringsResort; laterMoapaValleyNWR) spring systems

wereenlargedandlined with concreteand/orgravel to createpublic swimming

pools. Waterdischargingfrom thesespringswaschlorinated,asrequiredby State

regulationsfor public use;andaquaticvegetationwasmechanicallyand/or

chemically(coppersulfate)removed. Moapadace wereeliminatedfrom both

springsystemsprior to 1979. Total discharge from the Refuge stream includes

100.5L/sec(3.55cfs)from theRefuge springs (USGS 1993),64 L/sec (2.26cfs)

from thePlummersprings(Eakin1964),and83.2 L/sec (2.94 cfs) fromtheApcar

spring system(Eakin1964)for a totalpotential dischargeof247.7L/sec(8.75cfs)

at theconfluencewith the MuddyRiver.
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Onespring in the Apcarsystemhas beenenlargedandconcreted to make a private

swimming pool. Waterrights from otherspringsin theApcar systemand

approximately0.26 hectare(ha) [0.64 acre (A)]ofsurrounding land(T. 14 5., R

65 E., sec. 16, 5E¼) were sold to the Moapa Valley Water District (MVWD).

MVWDhas channelized and piped these springs (since 1959) for local municipal

use. Anotheroutflow streamin the Apcar system flows through a culvert under

WarmSprings Roadandinto dirt and cement irrigation ditches onWarmSprings

Ranch.

At least twospringsystems(Baldwin,Cardy Lamb) onWarmSprings Ranchwere

historically channelizedanddivertedfor irrigation. Cardy Lamb(T. 14 5.,R. 65

E., sec.9, 5W¼)dischargesinto a cementswimmingpool, whichoverflowsinto

anirrigationditch. Flow from the Cardy Lambsystemwas130.5L/sec(4.61 cfs)

in 1963 at the confluence with the Muddy River (Eakin 1964). Another swimming

pool was constructed on WarmSprings Ranch in an overflow channel from the

Muddy Spring stream (T. 14 5., R. 65 E., sec. 16, NE¼) in 1992. The 29 ha (72

A) of land surroundingthis pool were set aside for private recreational use. Flows

from the Muddy Spring system were 235.6 L/sec (8.32 cfs) in 1963 (Eakin 1964).

Springs in the Baldwin system (T. 14 5., R 65 E., sec. 16, NW¼and sec. 15,

NW¼)are currently piped by MVWD,and together with the Apcar spring system

diversions,representapproximately50 percent of MVWD’swater supply. In

1963, flows from theBaldwin systeminto the Muddy Rivertotaled261 L/sec

(9.21 cfs)(Eakin 1964)

Previously, irrigation return flows and mnofffrom fields on WarmSpringsRanch

greatly increasedturbidity andsedimentloadsin thespringoutflows andupper

Muddy River. Agricultural activity onWarmSpringsRanch has decreasedin

recent years, as the ranchis no longer operated as a churchwelfarefarm.

However, portionsofthe ranch arecurrentlyleasedfor horseand cattle grazing
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andalfalfaproduction. The landowner hasindicatedthat noagricultural pesticides

are beingusedon theproperty. A surfacewaterright totalingapproximately56

L/sec(1.98 cfs) fromspringsnear the southernandwesternpropertyboundaries

hasbeen retainedby the landownerfor ranch use.

Themain stemMuddyRiver is avital componentofMoapadacehabitat,

especiallyfor the largerandmorefecund adults.It typically supports

approximately50 percentofthe dace population (Scoppettone etal. 1987).

Moapadacemovebetweentheriver andtributariesfor spawningandto avoid

periodically unfavorable water quality conditions in theriver (i.e., highturbidity).

Moapa dace habitat in the Muddy River has beenadversely modifiedby human

activities directly affecting the river and also indirectly by activities affecting the

river’s headwater springs, tributaries,andfloodplain.

In addition to spring water leased fromMVWDand groundwater leased from at

least three wells on WarmSprings Ranch, Nevada Power Company (NPC) diverts

water directly from the upper Muddy River (T. 14 5., R 65 E., sec. 15, 5E¼) for

use at Reid-Gardner Station, an electrical generating facility near Moapa, Nevada.

Diversions at this site have occurred since 1968, and current diversionrates are up

to 260 L/sec (9.2 cfs) during the monthsofOctoberthrough May and up to 50

L/sec (1.77 cfs) during the remainder of the year. Instream flow at the USGS

gaging stationimmediatelydownstream averages1,212 L/sec(42.8 cfs) (Eakin

1964,USGS1993).

TheexistingNPC diversiondamon the Muddy Riverwasconstructedin 1988-89.

It impoundsapproximately140 m (450 ft)oftheupper Muddy Riverandhas

reducedtheoverall suitabilityofthis habitatfor Moapa dace.Severalriffles and

drift feedingstationswerelikely eliminatedby theimpoundment,thereby reducing

foragingopportunitiesfor adult dace.Decreased flowvelocitiesupstreamofthe
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damhave also increased silt deposition and promoted establishment of extensive

beds of nonnative eel grass, both of which covervital sand,pebble,and cobble

substrates. Nonnative fish species, including shortfln mollies and mosquitofish

(Gambusiaaffinis), are well establishedin this habitat. The damalso inhibits

upstream movement of Moapa dace which are downstream of the structure,

preventing access to spring systems for spawning. Sada (pers. comm.) has

observed over100Moapadace in the300-in (1,000-ft) reachimmediately

downstreamofthedam. These dace are lost to the reproductive population. NPC

is preparing to replace thediversion damwith an intakespecificallydesigned to not

impound the riveror restrictMoapadacemovement.

In 1944,theU.S. BureauofReclamationconstructed aCipolettiweir gaging

stationon theMuddyRiverat the WarmSpringsRoad bridge. The concrete weir

is over 3 m(10 ft) high and impounds approximately 45 m(150 ft) of Moapa dace

habitat in the upper MuddyRiver immediatelydownstreamofNPC’s diversion

dam. It likely affects flows, substrate, aquatic vegetation, and fish species

composition, but to a lesser extent than the NPCdam. The weir is a physical

barrier to upstream movements of all fishes in the middle and lower Muddy River.

ThepresentrangeofMoapadaceextendsdownstreamofthis structure, and these

dace are lost to thereproductivepopulationaswell.

Introduced Species- Throughstocking,nonnative mosquitofishbecame

established in the Muddy River system by 1938, but typically occupied pool

habitats and did not appear to substantially impact the Moapa dace population.

There is little spatialoverlap betweenadultMoapa daceandmosquitofish,overlap

with larval and juvenile dace is approximately 22-26 percent (Deacon and Bradley

1972, Scoppettone 1993).
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Shortfln mollies were introduced into the Muddy River ecosystem in the early

1960’s and had a much greater impact on Moapa dace than did mosquitofish.

Shortfln mollies were commonin the Muddy River by autumn 1963 (Hubbs and

IDeacon 1964), but were not the predominant species in the headwater spring

systems until January 1965 (Deacon and Bradley 1972). The concurrent decline in

the abundance of Moapa dace during these years was likely related to interactions

betweenthesetwo species.

Habitatuseby molliesis similar to thatofMoapa dace (DeaconandBradley1972,

Scoppettoneet a!. 1987). Deaconand Bradley (1972) estimated spatial overlap

betweenMoapadaceandshortflnmolliesat 68 percent; Scoppettone (1993)

estimatedspatial overlapbetweenadult shortflnmollies andlarvaland juvenile

Moapadace at44-45 percent. Laboratory experimentshave demonstratedthat

shortfln molliesarefish larvaepredators (Scoppettone1993),and thismayhave

beenthemechanismeffectingthedeclinein Moapa dace abundance.

In addition to mosquitofish and shortfln mollies, numerous other nonnative fish

species have been collected in the Muddy River. Commoncarp (Cyprinus carpio)

were first collected in 1938; channel catfish (Ictaluruspunctatus),largemouth bass

(Micropterusscdmoides),and green sunfish (Lepomis cyanellus)were collected in

1942 (UMMZ1994). Deacon and Bradley (1972) collected several additional

nonnative fish species in the Muddy River during 1963-68 including: Redshiner

(C)prinella lutrensis),fathead minnow (Pimephalespromelas),and black bullhead

(Ameiurusmelas). Two additional nonnative fishespresentduring 1974-75

collectionsby Cross (1976)weregolden shiners(Notemigonus crysoleucas)anda

singlerainbowtrout (Oncorhynchusmykiss).Historically,nonnativefishesother

than mosquitofish, mollies, and commoncarp have been collected only from the

middle and lower Muddy River.
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Morerecentadditionsto theMuddy River’s fish faunaincludebluetilapia (Tilapia

aurea)andKoi (C. carpio domesticvar.), discoveredin 1991 and 1992,

respectively(Sada1992in lift.). Limited numbers of both species were found

upstreamoftheweir, butbelowtheNPC dam. Weirpassage waslikely facilitated

by humanintervention. The bluetilapia populationdownstreamoftheweir has

beenestimatedat over 200 fish, with documentedreproductionin 1992(Heinrich

pers.comm.). Blue tilapia can increaseturbidity, reducethe abundanceofalgae

andaquaticvegetation, and alter natural foragebases(plankton)(Tayloret at

1984). Thus, this nonnativespecieshasthepotentialto causesubstantialnegative

impacts toMoapadacehabitatas well as habitatsofothernative speciesin the

Muddy Riverecosystem.

The effects ofnonnativefishes on Moapa dace have not been studied, other than

thoseofmosquitofishandshortfln mollies. However, in additionto direct effects

such as predation, prior nonnative fish introductions have introduced fish parasites

including tapeworms (Bothriocephalusacheilognathi),nematodes (Contracaecum

spp.), and anchor worms (Lernaeaspp.) which have adversely affected native

fishesof the Muddy River(Wilsonetal. 1966, Heckman 1988). The anchor worm

(Lernaeaspp.) has been identified as a Moapa dace parasite (Wilson et al. 1966),

however, the current extent of Moapa dace infestation by this copepod and other

parasites is unknown. Anchor worm infestations cause tissue damage and blood

loss and expose fish to secondary infections from bacteria, flmgi, and viruses.

Heavy infestations may cause reduced longevity, reduced fecundity, and even

direct mortality. Tapeworms may cause fish to become listless, lose weight, or

become sterile; severe infections may causethe abdomento become distended and

block the intestine (USFWS 1986). Nematodes may encystin fish muscle tissue

with detrimental effects on overall fish health (Wilson et al. 1966).

Adverse effects to Moapa dace from nonnative species other than fishes include
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predationby bullfrogs (Ranacatesbeiana)andspiny soft-shelledturtles (Trionyx

spin~ferus)(USFWS 1989). Thenonnativesnail,M tuberculatum,is extremely

abundantin thespring systems,but their impact on Moapadace,if any, is

unknown.

F. ConservationMeasures

Conservationmeasuresfor Moapadace wereinitiatedwhen thespecieswas

federallylisted asendangeredin 1967. TheState of Nevada classified the species

asrarein 1970,increasingrecognitionofits legal protection[GeneralRegisterNo.

1(8), 501.110 Nevada Revised Statute, 3-6-78]. Currently, the State of Nevada

listsMoapa dace asendangered (NevadaAdministrativeCode503.065-.06,1988).

1. Refugia- A refugium is a naturalorartificial habitat where an isolated

populationofa speciesis establishedandprotected.Refugia populations can be

usedto restocka species into its historicalhabitat intheevent the speciesis

extirpated. BecauseMoapadace werebelievedin dangerof extinctionin their

historical habitat, attempts were made to establishnewrefugiapopulations. In

September1972,20 juvenileandadult Moapa dace weretransportedto Shoshone

Ponds,a U.S. BureauofLandManagementfacility for endangeredfish species

located near Ely, Nevada. This transplant failed after a month for unknown

reasons. A later transplant of Moapa dace to Hot Creek Springs, located

approximately322km (200ml) northof Las Vegas,Nevada,alsofailed possibly

dueto waterquality differencesorother habitatlimitations (USFWS 1979,unpubl.

data). In the1970’s,dataon thelife history andhabitatrequirementsofMoapa

dace werelimited, thus, efforts toestablishrefugiapopulationsfailed. Thesedata

have since been collected, but no suitablerefugiasiteshave beenidentified. There

arecurrentlyno Moapadacein refugia.
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2. Moapa Valley National Wildlife Refuge- Essentialhabitat (36.4 ha;90 A)

for Moapa dace was described in anEnvironmentalAssessment(EA) for land

acquisitionby theUSFWSin theWarmSpringsarea(USFWS 1979). TheEA

identifiedfourparcelsofprivate landasessentialhabitat,whichtogethercontained

six spring systemsandtheupperMuddyRiver. USFWSpurchased one parcel (7-
12 WarmSpringsResort)andassociatedwaterrightsin September1979for the

appraisedvalue. MoapaValleyNWRwasestablishedon thepropertyandinitially

consistedof4. 86 ha (12 A), withthreedistinct spring orifices. However,no

Moapadacewerepresentdueto habitatalterationsandchlorination associated

with prior resortoperations.

TheUSEWSpreparedan Aquatic HabitatManagementPlan(LIMP) to guide

aquatic habitat developmentandrestorationon Moapa ValleyNWR To increase

availablehabitat on therefuge,a 320-in (1,050-ft)long artificial streamchannel

wasconstructedin 1980. Substratesand coverwerestrategically placedwithin

this concretechannelto create pool,riffle, andrunhabitats.The artificial stream

wasfirst stockedwith 50 Moapadacein February1981. Additional dacewere

placedin pool habitaton Moapa ValleyNWRduring July 1981and again in

February1982. However,only 17 Moapadaceremainedon Moapa ValleyNWR

by December1983(Scoppettonepers. comm.),indicatingthemarginalsuccessof

thetransplantsandthe needfor additionalresearch on habitatrequirements.Other

activitiespefformed under theLIMP includedfilling an olympic swimmingpool and

modif~,”ing othersmallerpools to provide moresuitablehabitat. Habitat within

springoutflows wasalsorestoredto morenaturalconditions,andfish barriers

wereconstructedat varioussitesto inhibit theupstreammovementof nonnative

fishes.

To protectMoapaValley NWR’swatersupply andprovidelong-termprotection

ofadditionalMoapa dace habitat, an adjacentlandparcel(8.77ha; 21.7 A) and
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waterrightsto two springswerepurchasedby theUSFWSin October1983.

Acquisitionofthis habitat was apriority 1 task (an actionthat must betakento

preventextinctionorto prevent thespeciesfrom decliningirreversibly in the

foreseeablefuture)in the 1983 recoveryplan becauseapproximately50 percentof

the suifacewateron MoapaValleyNWRoriginatedfrom thetwo springson the

adjoiningproperty. Withthis additionto MoapaValleyNWR, theUSFWS’swater

rights totaledapproximately12.5 percentofthe tributaryinflows to theupper

MuddyRiver. In April 1984, thenewlyacquiredhabitat waschemicallytreated to

eradicate nonnativefishes. Adult andjuvenileMoapa dacewerethenstockedinto

theartificial stream;120 individualswere inresidenceby January1986

(Scoppettoneet al. 1992).

Rootmasses frompalmtreeswereencroachinginto Moapadacespawning,

nursery,and adultforaginghabitatsand alsoconstrictingspringoutflow channels

on Moapa ValleyNWRin theearly 1980’s. Channelconstrictionsproduce

increasedflow velocities,which alsoaffectthesuitability ofspawningandnursery

habitatsdownstream.A limited numberofnonnativepalmtreeswere removed

from riparianareas on MoapaValleyNWRin 1983-84,and35 morewere

removedin 1990. Thepalm treesselectedfor removalwerethoseimmediately

adjacentto orwithin thespring poolsandoutflow streams.Evapotranspirationby

thesetreeswaslikely a significantsourceofwaterloss from the MoapaValley

NWRspringsystem. Theirremovalopened the overstorycanopy,allowingmore

sunlightto reachthe water, therebyincreasingprimaryproductionwithin the

spring system. This increasedprimaryproductionlikely increasedtheabundance

offood itemsfor Moapadace. MoapaValleyNWR’s draft Landscape Plan

specifiedthat approximatelyone-thirdoftheremainingmature [height>3 m (10

fi)] palmtreesbe removedfrom riparianareason the refugeto benefitthedace

(USFWS 1991).
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OnJune26, 1994,a fire originatingon an adjacent resortpropertyspreadto the

palm grove on Moapa ValleyNWR Althoughthe fire passedquickly throughthe

refuge due tohighwinds, the intenseheatlikely causedwatertemperaturesin the

spring systemto reachlevels lethal tofish, except at thespring orificesandin

deep,artificial pools. Also, up to 1 m (3.3 fI) ofashanddebrisfrom burningpalm

frondsfilled thespringpoolsandoutflow streams,depleting dissolvedoxygenand

increasingtheacidity ofthewater. NBSandUSEWS biologists surveyedthe

refugespring systemon June28 andJuly 5-6, 1994,andonly 15 Moapadacewere

observed(Scoppettonepers.comm.). The refuge waspreviously inhabitedby as

manyas500 adult Moapadace;thenumberoflarval andjuvenileMoapadacelost

due to the fireis unknown. Once habitatconditionsin the refugespring system

havestabilized,Moapadaceobtainedfrom nearby springsystemsand/orthe

MuddyRiverwill beusedto restocktherefuge.

Sincethefire, debrisdepositedthroughoutthespring systemhas beenmanually

removed,andnatural flows haveflushedout ashandotherfine particulates.

Approximately 200 burnedpalmtrees wereremovedfrom riparianareasto prevent

futurecatastrophicfires andto improve streamandpoolhabitats.Nativeand

nonnativeriparianplants havereestablished themselvesalongthespring system.

Additional nativevegetationwill be plantedto protect thespring systemfrom

excesssedimentationfrom the barrenuplandsandto hinderrepopulationofpalm

treesandinvasionby salt cedar.Also, leaves fromnativedeciduoustrees will

providea sourceofnutrientsthroughdecompositionand will increaseproductivity

ofthespringsystem.

3. RecoveryPlan - A recoveryplanfor Moapa dace waswrittenin 1983 by

USEWS, incooperationwith theNevadaDivision ofWildlife. The primary

objectiveofthe 1983 planwasto “protectandrehabilitateadequatehabitatwithin

thehistoricalrangeoftheMoapadace todelistthespecies” (USEWS1983). It

.130

w
SE ROA 47250

JA_14303



identifiedfive priority researchandrecoveryneedsfor Moapadace: 1) Determine

characteristicsof aself-sustainingpopulation,2) rehabilitatehabitatsto support

Moapadace, 3)reintroduceMoapadace,4)monitor populations,and 5) protect

habitat. Therecoveryplan provided ameanswherebyFederalagenciescould fund

and/or performrecoveryactionsidentifiedin theplan. In theyearsimmediately

following publicationoftherecoveryplan, much effortwas directedtoward

restoringhabitat onMoapaValleyNWRandreintroducingMoapa dace.

4. Research- HubbsandMiller (1948) werefirst to reporton thedistribution,

habitat,morphometrics(body sizemeasurements),andmeristics(i.e., scale counts)

ofMoapadace, as well asassociatedspeciesin theMuddy River ecosystem.

Limited additionalresearchwas pefformed with regard to Moapa dace until they

werelistedin 1967. Deaconet al. (1964)reportedon the introductionsof

nonnativefishesto theMuddy Riverandtheireffectson nativefishes;Wilsonet al.

(1966)studiedtheincidenceofparasitism;andDeaconandBradley(1972)

examinedfish speciescomposition,distributions,changesin abundance,and

habitat use.DeaconandBradley’s 1964-68studywas repeated in1974-75by

Cross (1976).

Completionofthe 1983recovery plancreateda new Federal researchinitiative.

NFRC completed many researchtasksspecifiedin the1983Plan,includingstudies

during 1984-89on Moapadacelife history, abundanceanddistribution,food

habits,ageandgrowth,habitat use,movementpatterns, populationdynamics,and

inter- andintraspecificinteractions(USFWS 1984, Scoppettoneet al. 1987, 1992).

This keyresearchidentifiedthe needfor habitatcontinuitybetween thermalspring

systemsand theMuddyRiverfor the survivalofMoapadace.

5. OtherConservationActions- MoapaValleyresidentshave formed a

committee to develop aconservationstrategyfor the Muddy River ecosystem.
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This committee,knownas theMuddy RiverRegionalEnvironmentalImpact

Alleviation Committee(MRRBIAC), is identifying actionstorestoreand manage

aquaticandriparian habitatsto benefitendemicfish andwildlife andlocal

residents.TheUSFWSis assistingMRRELAC by providingbiologicalinformation

on Moapa daceandthespeciesof specialconcern, as well asdataon general

environmentalconditions. This recoveryplanshouldserveas a guidefor

MRREIAC in developing conservationactionsbenefittingrareaquaticspecies.

G. RecoveryStrategy

Thestrategyfor recoverythat is detailed inthefollowing stepdownnarrative

beginswith theprotectionandmanagementofMoapa dace habitatincluding

existing instreamflows. Recoverywill be accomplishedby protectingMoapadace

habitat fromadversephysical,chemical,andbiologicalmodificationsthroughthe

developmentofconservationagreementswith privatelandowners.Comprehensive

managementplansfortheseareaswill be developedto guidehabitatrestoration

efforts. Nonnativefish removalis one priority restoration measure.

A monitoringprogramis proposedthatwill collectandanalyze baselinedata

necessaryfor assessingpopulationtrends and habitatconditions. A research

projectis alsorecommendedto studythe prevalenceofparasiticorganismsandto

determinetheireffectson the Moapa dacepopulation. Public informationand

education outreachprogramswill be necessaryto keep interestedand affected

partiesinformedofrecoveryactivitiesandto createan avenuefor their

involvement.
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IL RECOVERY ANALYSIS

A. Objective and Criteria - Theobjectiveofthis RecoveryPlanfor theRare

AquaticSpeciesofthe Muddy River Ecosystemis to improve the statusofMoapa

dace so that it maybedelistedandto improvethe statusofseven associated

aquaticspeciesofspecialconcern.Moapa daceonly occupy theuniquehabitatsof

theWarm Springsarea,andrecovery tasks are focused on habitats withintheir

historicalrange. However,recoverytasks thatwould benefit speciesof special

concernthroughoutthe Muddy Riverecosystemarealso included. All recovery

criteria arepreliminaryandmay berevisedon thebasisofnewinformation

(includingresearchspecifiedas recovery tasks). Theestimateddatesfor

reclassificationofMoapa daceto threatenedstatusanddelistingare 2000and

2009, respectively.

Moapadacewill be consideredforreclassificationfrom endangeredto threatened

when:

1) Existing instreamflows* andhistoricalhabitatin threeofthefollowing five

occupiedspringsystemsandthe upper Muddy River have beenprotectedthrough

conservation agreements,easements,orfee titleacquisitions:

Apcar - from thespring orificesto theconfluencewith the Refugespring

system[streamlengthof 1.08km (0.67mi)].

Baldwin - from thespring orificesto theconfluencewith theNorthFork

ofthe Muddy River [streamlengthof1.02 km (0.63mi)].

Cardy Lamb - from the spring orificesto theconfluencewith the South

Fork ofthe Muddy River [streamlengthof 0.8 km (0.5mi)].
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Muddy Spring - fromthespringorifices to theconfluencewith the

Muddy River [streamlengthof0.8 km (0.5mi)].

Refuge- from thespring orificesonMoapaValleyNWRto theconfluence

with theMuddyRiver [stream lengthof 1.39 km (0.86mi)].

Upper Muddy River - from theconfluenceoftheNorthForkand South

Fork to approximately300m (1,000if) downstreamoftheWarmSprings

Road bridge [streamlengthof3.33 km (2.07mi)].

* - Existinginstreamflow dataareunavailablefor four ofthefive springsystems,andthus,flows are

not quantifiedhere.

2) 4,500 adultMoapadace are present amongthefive spring systemsandthe

upperMuddy River; and

3) the Moapa dace population is comprised of three or more age-classes, and

reproductionandrecruitmentis documented fromthreespringsystems.

Moapadacewill be consideredfor delistingprovided thatall reclassification

criteria have been metandwhen:

1) 6,000adult Moapa dace are present among thefive spring systemsandthe

upperMuddyRiverfor 5 consecutiveyears;

2)75 percentofthehistoricalhabitatin the fivespring systemsandtheupper

MuddyRiver provides Moapa dacespawning,nursery, cover, and/orforaging

habitat;and
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3) nonnativefishesandparasites nolongeradverselyaffect thelong-termsurvival

ofMoapa dace.

Actions takento recoverMoapa daceandrestorethe upper Muddy River

ecosystem will give dueconsiderationto theneedsofall speciesofspecial

concern. OnestatedpurposeoftheESAis to conserveecosystemsupon which

endangeredandthreatenedspecies depend. Actionstaken to improve the statusof

Moapadaceshouldimprove the statusoftheentireriverine ecosystem.Although

not a criterionfor reclassificationordelistingofMoapa dace, thedistributionand

abundanceofthe sevenspeciesofspecialconcernwithin theirhistoricalhabitats in

theWarmSpringsareashouldbe usedas an indicatorofoverall ecosystemhealth

and stability. Prior to implementinganytaskidentifiedin this Plan,the lead agency

mustcomplywith all applicableprovisionsofthe ESA, as well as the National

EnvironmentalPolicy Act of 1966.
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__________________________________________________________

B. Narrative Outline for RecoveryActions Addressing Threats

1. ProtectandrestoreMoapadacehabitat

Moapadacearenaturallyrestrictedin distributionto theWarmSpringsarea.

Becauseoftheirspecifichabitatrequirementsand limiteddistribution,habitat

within theWarmSpringsareaneedsto be protected andrestoredto recover

thespecies.This habitatincludestheupperMuddy Riverandfive tributary

spnngsystems,whichtogetherprovide spawning,rearing,feeding,andcover

habitat. Migrationcorridorsbetween tributaryspawninghabitatandthe main

stemMuddyRiver arealsoanimportantcomponentofMoapadacehabitat.

Moapadace habitatin the upper Muddy Riverandtributary spring systems

hasbeenphysically,chemically,andbiologically modified,such thatextensive

restorationwill be required toachievedelisting. Restorationneedsfor Moapa

dacehabitat areknown,however,sitespecificrestorationplanningin

coordinationwith the landownersis needed.Measures undertakento restore

habitatin thespringsystemsandtheupperMuddy Riverfor Moapa dace

should benefitassociatedspeciesof specialconcernandpossiblyeliminatethe

needfor future listingsof thesespecies.

11 Developandimplementhabitatprotectionagreements

Moapadacehabitaton MoapaValley NWRis ensuredlong-term

protectionfrom adversemodificationsby virtueofits Federal refuge

status. However,themajorityofhabitatcurrently occupiedby Moapa

daceis on private property,andno protective measures arein place.

Actions by privatelandownersare notsubjectto all ofthesameFederal

regulationspertainingto endangeredspeciesas are actionsfunded,

permitted,orperformedby Federalagencies.Therefore,obtainingthe

cooperationand supportofthe landownersis essentialto protectthese
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habitats.Futureadversemodifications(physical, chemical,and/or

biological)to Moapa dacehabitaton privateland canbeminimized or

avoidedthroughlandownercoordinationandparticipation. Similarly,

actions torestoresuchhabitatcanonly be accomplishedwith the

cooperationofthelandowners.

Long-term protectionfor Moapa dacehabitatin at least threespring

systemsandtheupperMuddy Riveris a criterionfor reclassifyingand

delistingthespecies. Suchhabitat/speciesprotectionagreements,

typically called conservationagreements,can cover a period as short as5

years,but can extend into perpetuitydependingupon the termsof the

agreement reachedwith eachindividual landowner.Long-term

agreements(i.e., 30 years) are mostdesirablefor delistingpurposes.

Conservation agreementsshouldbe negotiated withwilling private

landowners.Theseagreementsarealwaysvoluntaryon the partofthe

landowner. Conservationagreementscould includeaccess rights for

management activitiessuch asnonnativespecieseradicationandMoapa

dacepopulationmonitoring,maintenanceofexisting instreamflow and

habitat, habitatrestorationactivities,and anyother appropriatemeasures.

Monitoringimplementationandsuccessofagreed upontaskswould be

partofthe conservationeffort.

Landacquisitionand/orwaterrights acquisition fromwilling sellersat fair

market value areotheroptions to providelong-termprotectionto Moapa

dacehabitat. Purchasingprivatelyowned Moapa dacehabitatand

associatedwaterrights maypermit moreextensivehabitatrestorationthan

conservationagreements.If funding andwilling sellersareavailable,

Moapadace habitatandassociatedwaterrights couldbe acquiredand
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incorporatedinto MoapaValleyNWR. Refuge status would ensure long-

termprotectionandmanagement.Any waterright ownershiptransfers

from willing sellerswould be subject to Nevadawaterlaw.

12. Minimize nonnativefish impacts

Nonnativefishesrepresentaseriousthreatto recoveryandsurvival of

Moapadace. Surveyshave documentedthepresenceof shortfln mollies

and/ormosquitofishwithin all occupiedMoapadace habitat (except

within aportionofthe Refugespring systemon Moapa ValleyNWR

protectedby afish barrier). Their continuedpresence may preclude

delistingMoapa dace due to adverse effects onreproductionand

recruitment. Theinvasionofbluetilapia throughoutMoapadacehabitat

appearsimminent, andadverseeffects arehighlyprobable.

Whereverfeasible,all nonnativefishesshouldbe removed fromMoapa

dacehabitat. Restorationofhabitatto naturalconditionswill facilitate

nonnativefish removalby reducingtheavailability andsuitabililty of

habitatfor thesespecies. Physicalremovalofnonnativefishes (e.g.,

trapping,seining,etc.)shouldbeusedwheneverpossibleto minimize

effectson Moapa daceandother aquaticspeciesof specialconcern.

However,chemicaleradication(e.g.,rotenone)might be necessary in

somereacheswhere flows, depth,and/orcover makephysicalremoval

infeasible. All rarenative aquatic speciesin the WarmSpringsarea

shouldbenefitby reducingoreliminatinginteractions withnormative

fishes.

TheUSGSweir is currentlyactingas afish barrierandis restricting

further unaidedupstreammovementofbluetilapiaandothernormative

fishesinto theupper Muddy Riverand subsequentlyinto thespring
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systems. Monitoringof thisgagingstationis beingdiscontinuedby the

USGSdueto fundingconstraints.Theweir shouldbe evaluatedfor use

as apermanentfish barrier,andresponsibilityfor maintenanceofthe

barrierwould beassumedby USFWS. Any modifications to theweir

must be designed to minimize debris accumulation, to not impound water,

andto withstand frequentsmall-scaleflood eventswithout compromising

barrierintegrity. However,if the weiris compromisedandtilapia become

establishedin the WarmSpringsarea,strong considerationshouldbe

given toremovingtheweir in its entirity.

13. Developand implementhabitatrestoration/management plans

Habitatrestoration/managementplansshouldbedevelopedin cooperation

with landowners for all occupied habitats (Apcar, Baldwin, Cardy Lamb,

Muddy Spring, andRefugespring systemsandtheupperMuddyRiver).

Thefive spring systemswill benefitmostfrom restorationwork asthey

haveexperiencedmoreperturbations.The restorationworkwill be

guidedby availabledataon historicalbiological, physical,andchemical

habitatconditionsin thesereaches.

Restorationand managementneedsvary amongthe spring systemsand

theriver, but may include: Restoring naturalhydrologicregimes(i.e.,

restoreflows to dewatered,low flow, or intermittenttributary reaches,

removeartificial impoundmentstructures,etc.); creatingspawningand

nurseryhabitatsin thespring systems,anddrift feedingstationsin the

spring systemsandthe upperriver; improvingwaterquality, particularly

in reachesassociatedwith agriculturalland; removing normativeaquatic

andterrestrial vegetationencroachinginto springoutflow channels;fire

cleanupon the Refugespring systemand fireprevention measures

throughoutriparianareasassociatedwith occupiedhabitat (i.e.,palm tree
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thinning, revegetationwith nativespecies,etc.);andcreating contiguous

Moapadacehabitatfrom spawningareas nearspring orificesto theupper

MuddyRiver. Any restorationactivitiesinvolving changesin wateruse

would be of a non-consumptive nature (to maintain or increase instream

flows).

2. Monitor Moapadace population

MostearlierMoapadacemonitoringefforts havebeen sporadic and have not

covered theentire rangeof thespecies,andmonitoringtechniques have

varied. Monitoringshouldbe performedannuallyby snorkelingall historical

Moapadace habitatandrecordingthe individualsobserved.Surveys should

occur duringthe winterbecauseofimprovedfish visibility (less turbidityand

aquaticvegetation)andbecausespawningactivity isreduced.This monitoring

protocolwill beusedto develop areliablelong-termdataset.

Monitoring dataarenecessaryto determinewhetherornotrecoverycriteria

for reclassificationanddelistinghavebeenmet. Thesecriteriaset

requirements for Moapa dace abundance, population structure, and

distribution. Monitoring will also providedatato evaluatetheeffectivenessof

habitatrestorationandmanagementandnonnativespecies eradication

measures.Also, potential problemssuch asnormativespeciesreinvasionscan

be identifiedin atimelymannerduringroutinepopulationmonitoring.

3. Determine extentofparasitismin Moapadace population

Parasitesanddisease-causingorganismsaretypically presentin any

environment; however, outbreaks among fish can frequently be linked to some

form of stress, which increases their susceptibility. In the Muddy River,

normative fishes have acted as vectors for new parasites including anchor

worms,nematodes,andAsianfish tapeworms (Wilson etal. 1966,Heckman

I
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1988). Wilson et al. (1966)suggestedthat the high incidenceof parasitismin

nativefishesoftheMuddy River was due to habitatdeterioration. Moapa

dace mayalsobe experiencingsomeform of stressfrom interactions with

increasingpopulationsofnonnativefishes.

Moapa dace parasitesshouldbeidentifiedandtheirimpactson Moapa dace

health,reproduction,andrecruitmentshouldbe determined.If documentedas

havinga negativeimpacton Moapa dace,controland/orpreventative

measuresshouldbedeveloped. Thesemeasuresmay belinked to normative

fish eradicationactivitiesandhabitatrestoration.

4. Providepublic informationandeducation

An outreach planfor publicinformationandeducationregardingMoapa dace

andotheraquaticspeciesofspecialconcernshouldbedeveloped.Outreach

activitieshave a focal point in Moapa Valley NWR, butshouldcover recovery

actions both onand offthe refuge. Significantfuture recovery actions such as

habitat restoration,conservation agreements,andevenmonitoringdatawill

providespecificopportunitiesfor public outreach.Pressreleases,feature

articles,fact sheets,interviews,field trips, presentations,andbrochuresmay

be used toreachthe local, regional,andscientificcommunities. Outreach

materialssuch asfactsheetsandbrochuresshouldbe madeavailableon siteat

MoapaValleyNWR andat localUSEWSofficesfor distributionto thepublic.

Outreachactivitiesmust bedirectedat landownerswith Moapa dacehabitat,

butshouldalsoinvolve thegeneral publicwhereappropriate.Public support

for recovery effortswill beespeciallyvital in limiting future adverse

modificationsto Moapadacehabitat,includingreintroductionsofnonnative

fish species.Public informationandeducationis alsoneeded to preventaerial,

surface,andgroundwater transportofpesticidesandherbicides from
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I
agriculturalorresidentiallandinto nearbyMoapadacehabitat.

A self-guided, interpretivetrail andcorrespondingexhibitsareproposedfor

the spring systemat MoapaValleyNWR. Dueto theirendangeredstatus,

Moapadacewill likely be theprimaryfocusof suchexhibits;however,

information regarding other rare endemic fishes and invertebrates would be

includedto emphasizeinterrelationshipsamongecosystem components.
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ID. IMPLEMENTATION SCHEDULE

This ImplementationScheduleoutlinesactionsandestimated costsforthe

Muddy River ecosystem recovery program. It is a guidefor meetingthe

recoveryobjective discussedinPartII ofthisPlan. This schedule indicates

taskpriorities, tasknumbers,taskdescriptions,durationoftasks,the

responsibleagencies,andlastly, estimatedcosts. These actions,when

accomplished,should bringabouttherecoveryofMoapa dace.It shouldbe

noted that theestimated monetaryneedsfor all partiesinvolvedin recovery

areidentified and; therefore, Part III reflects the total estimated financial

requirementsfor therecoveryofthis species.

Prioritiesin Column 1 ofthefollowing Implementation Schedule areassigned

asfollows:

Priority 1 - A short-termactionthat mustbetakento preventextinctionorto

preventthespeciesfrom decliningirreversiblyin theforeseeablefuture.

Priority 2 - A long-termactionthatmust betakento preventa significant

decline in species population/habitat quality, or some other significant negative

impact shortofextinction.

Priority 3 - All other actionsnecessaryto meet therecoveryobjectives.
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RecoveryPlanImplementationSchedule

— T

~ I Develop (FY 1996) and implement

habitat protection agreements
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—
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2 2 Monitor Moapa dace population I 12 I NOS 96 8

J~OW 2
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—‘3j 31 Determine extent of parasitism in NBS~ 7 I 0
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Definitions for termsandacronymsusedin ImplementationSchedule:
Continual= Taskwill beimplementedon anannualbasis onceit is begun

and will continueuntil no longerrequiredfor recovery.
To Be Determined (TBD)= Costwill bedeterminedat a laterdate.
Total Cost= Projectedcostof taskfrom startto taskcompletion.

ResponsibleParties( LeadAgency):
FWS= FishandWildlife Service
NBS = NationalBiologicalService
NDOW = Nevada Divisionof Wildlife

NEED 1 - PROTECT INSTREAM FLOWSAND HISTORICAL HABITAT WITNIN THE UPPER MUDDY RIVERAND TRIBUTARY SPRINGSYSTEMS
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lV. APPENDICES

A. PUBLICJPEER REVIEW

Thedraft recovery plan was madeavailableto thepublic for commentasrequiredby the 1988
amendmentsto the EndangeredSpeciesAct of 1973. Thepublic commentperiod wasannouncedin
the FederalRegisteron October5, 1993 andclosedon December6, 1993. Priorto theclosing,
numerouslandownersrequestedadditionaltimetocommenton theplan. Therefore,the comment
period wasreopenedin the FederalRecisteronDecember29, 1993 andclosedon February14,1994.
Copies ofthe draft plan were provided toqualifiedmembersof theacademicandscientific
communityforpeerreview. The U.S.FishandWildlife Service(Service) solicitedand/orreceived
commentson the document from theacademicandscientificcommunity,privateindividuals,industry
representatives,andFederal,State,andlocal agencieslistedbelow. Beforecompletionof thisfinal
recoveryplan, the Servicereceived atotal of296 responseletters,asindicatedby an asterisk(*). The
commentsprovidedin these letterswere consideredinpreparationofthis final recoveryplan and
incorporated,asappropriate. Othersignificantcommentsareaddressedby the Servicein Appendix
B. All lettersof commenton the planareonfile atthe Service’sNevadaStateOffice inReno.

GeneralReview

Fadmi

Natorsi ResourcesConservation
Service
14thStreet and badependence
Washington,D.C. 20024

StateConservatiusust
Natraral ResourcesConservatron
Service
5301Longley Lane
Building F, Suite201
Rono, NV89511

Natural ResourcesConservation
Service
2357-ARenaissanceDrive
Las Vegas,NV89119

ConsolidatedFarm ServicesAgency
P.O. Box 2415
Washington.D.C. 20013

StateExecutiveDirectox
ConsolidatedFarm ServrresAgency
1755 B. PhisubLane, Suite 202
Reno,NV89502

ConsolidatedFarm ServicesAgency
3101WestCharleston Boulevard
SuiteA
Las Vegas, NV89102

BureauofIndian Affairs
Office ofSelf-Government
1849C Socet,NW.
(Mail Stop2255)
Washington,D.C. 20240

• Steperintondert
Bureau ofIndian A~irs
WesternNevadaAgency
1617Hot SpeingsRoad
Carson City, NV89706

Area Director
Bureau ofIndian Affairs
PhoenixAura Office
P.O. Box 10
Phoenix,AZ85001

Bureau ofIndianAffairs
SouthernPajute Field Station
P.O.Boxl2O
StGeorge,ur84770

Bureau ofl.and Management
1849C Street.NW.
Washington.D.C.20240

StateDirector
Bureau ofl.and Management
NevadaStateOffice
P.O. Box 12000
Rono, NV89502

Disinol Manager
Las VegasDistrict
Bureau ofI.and Management
P.O. Box26569
Las Vegas,NV89126

Bureau ofMines
Western Field Office
E360 Third Avenue
Spokane,WA 99202

R~on~r
Bureau ofReclaruatron
Mid-PacificRegionalOffice
2800CottageWay
Saurarnento,CA95825

Bureau ofReclarnalion
Lahontan Bairn ProjecteOffice
705 North Plara Street
CarsonCity, NV89702

EnvironmentalProtectionAgency
75 Hawthorne Street
SanFranusco,CA 94105

• EnvironmentalProtectionAgency
timedEvaluation Divmaron-EEB (T5769C)and
EnvironmentalFate and EffecteDivision (7507C)
401 M Street,SW.
Washington.D.C. 20460

Fish and Wildlife Service
Division ofEndangered Species
1849 C Street,N.W.
(Mail Stop 452 ARLSQ)
Washington.D.C. 20240

Fish andWildlife Service
Division ofPublicAffairs
1849 C Street.NW.
(SA. 3447 Mffl)
Washington,D.C. 20240

Fish andWildlife Service
Division ofRefuges
1849C Street.N.W.
(MailStop 670 A1tLSQ)
Washington.D.C. 20240

Fish and Wildlife Service
Office ofResearchSupport
1849CStreet,N.W.
(RD-8/ORS,Mail Stop725 ARLSQ)
Washington. D.C.20240

Fish andWildlife Service
Division ofFishHatcheries
1849C Street.NW.
(PlO.Mall Stop820 ARLSQ)
Washington.D.C. 20240

• RegionalDirector (via ARD)
Fish andWildlife Service
911 N.E. 11th Avenue
Portland. OR 97232.4181

AssistantRegionalDirector
Fish and Wildlife Service
FisheriesandFederalAid
Region 1
91!N.E. lithAvonue
Portland. OR 97232.4181

Director
Pacific NozthwestNatrrral Science
Center
National BiologicalSavior
Building 204.Naval Staten
Seattle,WA98115

Chief
U.S.GeologicalSurvey
Nevada District Office
705 NoethPlazaStreet
CarsonCity, NV 89701
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B. SIGNIFICANT PUBLIC COMMENTS AND SERVICE RESPONSES

This sectionconsolidates,summarizes,andprovidestheFishandWildlife Service’s
(Service)response toszgn~ficantcommentsnotaddressedby changesin thetext.
Specificcommentsthat reoccurredin the lettersareaddressedonly once.

Comment (C): The Serviceis in violation ofthe EndangeredSpeciesAct of
1973,asamended(ESA) [section4.(a)(3)(A)and section4.(b)(6)(C)(ii)J,
because critical habitathas not been designatedfor Moapa dace.

Response (R): Moapa dace were listed in 1967under the EndangeredSpecies
PreservationAct of 1966(ESPA). TheESPAdid notrequirecritical habitat
designation.When Congress passed theESAin 1973, it incorporated ESPAlisted
species such as Moapa dace. Critical habitat designation was not required until the
1978 amendment to the ESAand was not retroactive.

C: This recovery plan containsa “defacto’t designation ofcritical habitat,
without public notice, review, or considerationof economic impacts.

R: Recovery plans do not propose or designate critical habitat. However, the
ESArequires thattheseplansare asspecificaspossiblein identifi,ring recovery
tasks,including site-specific managementactions. While five spring systemsand
the upper Muddy River were identified as areasfor implementationofvarious
recoverytasks,these areas are not beingdesignatedascritical habitat.

C: TheServicehasfailed to comply with theNational Environmental Policy
Act of 1969 (NEPA)by not preparing an Environmental Impact Statement
(EIS) for this Plan.

R: TheServiceis not requiredto complywith NEPA in developmentofrecovery
plans sincethey areonly planningdocumentssuggestingpotential actionsby the
Service, other Federal agencies, State and local governments, the private sector, or
a combinationoftheabove. Recoveryplansimposeno obligationson any agency,
entity, orpersons toimplementthe varioustasks. Implementationofrecovery
actions will be subject to NEPAcompliance, as appropriate, at the time they are
actually “proposed”andan environmentalassessmentor EIS would be completed
atthattime.

C: The Service should recoverMoapa daceon Moapa Valley NWR instead
ofprivate land.
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R: Moapadace,asa species,cannotachieverecoveryonMoapaValleyNWR
alone. This spring systemcomprisesonly afractionofMoapadacehistorical
habitat. In particular,thespring systemdoesnot provide foraging habitatsuitable
for larger adult Moapa dace, such as is found in the upper Muddy River. Also,
Moapadacemustbedistributedthroughouttheirhistoricalrangein order to
preventa catastrophic event fromcausingtheextinctionofthespecies. This
recoveryplan,therefore, recommendsactionsthatwill recoverthe speciesacross
its historicalrange.

C: The draft recovery plan advocates floodingon the Muddy River which
could impact private property.

R: Theflooding thatwasmentioned in the draft planis a frequent,periodic
natural occurrenceon theMuddyRiver. Impactsto privatepropertyin the
floodplaindo occasionallyoccuras a resultofthesenaturalevents.Thediscussion
in thedraft recovery planwasmerelyto presentinformation on howthese natural
flood events arebeneficialto theriverine ecosystem.Inparticular,Moapa dace
habitat benefits fromsedimenttransportandnutrientinputs,nonnativeaquatic
vegetationremoval,andcreationofnewspawningandforaginghabitat. Also,
nonnativefishesaretypically unable totoleratethesehighflow events as well as
nativespeciesandtheirabundanceanddistributionmaybe reduced.

C: The Servicehas failed to comply with ExecutiveOrder 12630.

R: ExecutiveOrder 12630requires Federal government agenciesto carefully
evaluatetheeffect of theiradministrative,regulatory,andlegislativeactions on
constitutionallyprotected propertyrights to ensure thatanypotentialtaking must
be subjectedto ananalysisknown as aTakingsImplication Assessment(TIA).
However, in the Order, “policies that have takings implications” for which a TIA
would be requireddo not include “studiesor similar effortsorplanningactivities.”
Recoveryplansaremerelyplanningdocumentsand,therefore,areexemptedfrom
a TIN TheServicewould complywith all relevantregulationsin implementing
tasksin this recoveryplan.

C: The Servicehasfailed to comply with ExecutiveOrder 12291.

ExecutiveOrder12291 requires Federalagenciesto prepareregulatoryimpact
analysesfor any “majornile.” A major ruleis definedasany regulationthatis
likely to resultin: (1) An annualeffect on theeconomyof$100million ormore;
(2) a majorincreasein costsor pricesfor consumers,individualindustries,Federal,
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State,or local governmentagencies,orgeographicregions;or(3) significantor
adverseeffectson competition,employment,investment,productivity, innovation,
or on theability ofUnited States-basedenterprises to compete withforeign-based
enterprisesin domesticor export markets(46FederalRegister13193). A
recoveryplandoes not meetthedefinition ofa regulationorrule assetforth in the
Order. Therefore,the Serviceis notobligatedto preparearegulatoryimpact
analysisfor this plan. TheService would complywith all relevantregualtionsin
implementingtasks in this recoveryplan.

C: The recoveryplan does notaddresseffectsofServicepurchasesof land
and/or water rights on the local economyand downstream waterusers.

R: Any waterright (or land)acquisitionswould be fromwilling sellersat fair
marketvalue,therefore,the ownerswouldnot experience adverse economic
effects. In addition,anywaterrights acquiredor leasedby theService wouldbe
usedto provide instream flowsfor Moapa dace andotherendemicaquaticspecies,
which wouldbe anonconsumptivewaterusewith no adverseeffect uponexisting
water diversions. Indeed, Muddy River flows downstream might actuallyincrease,
for example,if waterin theWarmSpringsareawasconvertedfrom private
agriculturaluseto instreamflow use. Acquisitionsby the Servicewould be subject
to NEPAat thetime they areactuallyproposedandan environmental assessment
or EIS would be completed at thattime. These documents would address any
potential localeconomicimpactsor effects on downstreamwaterusers.Landsold
to theServicewould result in lossofprivatepropertyin thelocal taxbasewhich
could impactthelocaleconomy,but the Service makes paymentsin lieu oftaxes
on refugelandsto minimizetheseimpacts. The Serviceis alsointerestedin
developing conservationagreements withwilling landownersratherthan
purchasing propertyorwaterrights. With a conservationagreement,the
landowner would retain ownership of the property and/orwaterrights,while
allowing activities benefittingMoapadace. Conservationagreementswould
minimize thepotentialfor any adverseeconomiceffects.

C: The Moapa dacepopulation should be monitored before the recovery
plan is implemented; it may currently be self-sustaining.

R: Funding to develop andimplementa monitoring planis not currentlyavailable.
Identificationofmonitoringas a recoverytaskin the planwill assistthe Service
andotherparticipating agenciesin obtainingnecessaryfundingfor population
statussurveys.
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C: Is the Serviceproposing to list any otherspeciesmentioned in the
recovery plan?

R: TheplandiscussessevenspeciesofspecialconcerninhabitingtheMuddyRiver
ecosystem,specifically,threefish speciesandfourinvertebratespecies.
Implementationoftasksin this recoveryplanshouldreducethreatsto these
speciesand may improvetheirstatus such thatlisting is notnecessary toprovide
for theirlong-termprotection.

“Conservation issometimesperceivedasstoppingeverything
cold, as holdingwhoopingcranesin higheresteemthan
people. It is up to scienceto spreadtheunderstandingthat
thechoiceis notbetweenwild placesorpeople. Rather, it is
betweena rich or an impoverishedexistencefor man.”

ThomasE. Lovejoy- ConservationBiology 1980
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Executive Summary 

 Moapa Dace Moapa coriacea is an endangered cyprinid endemic to the Warm Springs 

area of the Muddy River in Clark County, southeastern Nevada.  

 Moapa Dace were listed as federally endangered because of their limited range, low 

abundance, habitat alterations, and threats from non-native species.  

 Spawning by Moapa Dace has not been documented prior to this study; consequently the 

conditions required for this critical aspect of their life history are unknown.  

 Information about Moapa Dace reproduction will be important for managers to utilize in 

habitat improvement projects and to identify factors that induce spawning in captivity.  

 Twelve underwater cameras were deployed in the uppermost reach of Plummer Stream. 

Camera sites were selected systematically to assess the variety of environmental 

conditions available. 

 We quantified the available environment by dividing the field of view in front of each 

camera into a grid and estimated size and embeddedness of substrate, depth, stream 

velocity, and categorized cover.  

 Video was recorded from March through May 2012.  From over 4,000 10-min video clips 

selected for analysis, 13 spawning events were identified. Moapa Dace displayed 

behaviors consistent with broadcasting cyprinids.  

 For spawning, Moapa Dace selected depths ranging from 30-34 cm, water velocities from 

0.11-0.17 m/sec, cobble substrate, and instream overhead cover.  We could not find that 

they selected for embeddedness, open water, instream velocity shelter, instream overhead 

cover, or above stream overhead cover.  
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 To aid in initial efforts to breed Moapa dace in captivity, we replicated conditions 

observed to be associated with spawning in the field. 

 Conservation of Moapa Dace could benefit from a captive propagation program in three 

ways: fish in captivity can provide research specimens that are difficult to obtain 

otherwise; a captive population can preserve this unique species if something catastrophic 

impacts the wild population; and a captive stock could be used to supplement the wild 

population if it falls below a critical threshold.  

 Prior to this work, Moapa Dace had never been successfully held in captivity for any 

length of time.  

 To develop a protocol for rearing and propagating Moapa Dace in captivity, 40 fish were 

collected in February 2013, and an additional group of 30 fish were collected in January 

2014.  These fish were immediately transported to the Fish Propagation Facility at the 

University of Arizona’s College of Agriculture. 

 We successfully transported and reared Moapa Dace employing slow acclimation and 

aggressive prophylactic treatment; feeding adults with a combination of live and frozen 

invertebrates and commercially available pelleted foods; and providing an artificial 

stream environment to them.  

 Moapa Dace proved to be difficult to propagate.  We were unable to propagate Moapa 

Dace through 13 different treatments.  Different types of cover and different sized 

substrates were introduced; photoperiod, water chemistry, and temperature were 

manipulated; and a hormone bath and injection were applied.  

 Moapa Dace were successfully propagated in one treatment.  This treatment was left 

ongoing, with minimal disturbance, for over three months.  It occurred in an artificial 
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stream and incorporated 14 broodstock from the second capture period, an additional 

submersible pump to direct an increased velocity along gravel and cobble substrate, and a 

variety of substrate sizes and artificial plants.  

 Initial information suggests that to successfully rear and captively propagate Moapa 

Dace, biologists should take great care with acclimating Moapa Dace, and provide as 

similar conditions (e.g. subsurface flow, artificial stream, variety of substrate including 

cobble, water temperatures, cover) as possible to those experienced by the fish in the 

wild.  Sufficient brood stock should be available to use in spawning attempts.  Small 

numbers of brood fish will likely limit chances of success.  

 Because spawning occurred after the end of the initial study period, an addendum to this 

report will be provided at a later date to specify, in more detail, the conditions that led to 

successful spawning by Moapa dace, including any associated information, such as 

reproductive ecology, available as a result of this success. 
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Chapter 1. 

Environmental Conditions Utilized by Moapa Dace While Spawning 

 

Abstract.--Moapa Dace Moapa coriacea is an endangered cyprinid endemic to the Warm 

Springs area of the Muddy River in Clark County, southeastern Nevada.  Moapa Dace are listed 

as federally endangered because of their limited range, low abundance, and adverse impacts from 

habitat alterations and nonnative species.  Spawning by Moapa Dace has never been 

documented; consequently environmental conditions required for this critical aspect of their life 

history are unknown.  Knowledge of Moapa Dace spawning ecology provides vital data for 

managers to manage habitat and to identify factors that induce spawning in captivity.  Twelve 

underwater cameras were deployed in the uppermost reach of Plummer Stream in an attempt to 

capture Moapa Dace spawning activity.  Camera sites were selected systematically to represent 

the variety of conditions available.  We quantified the available environment by dividing the 

field of view in front of each camera into a grid and estimating size and embeddedness of 

substrate, depth, stream velocity, and cover categories in each cell of every grid.  Video was 

recorded from March through May 2012 and then watched to identify locations of spawning and 

their associated characteristics.  From over 4,000 10-min video clips selected for analysis, 13 

spawning events were identified.  Moapa Dace displayed behaviors consistent with broadcasting 

cyprinids.  Nonparametric contingency table analyses were utilized to ascertain whether or not 

Moapa Dace selected specific conditions to spawn.  For spawning, Moapa Dace selected depths 

ranging from 30 to 34 cm, water velocities from 0.11 to 0.17 m/s, and cobble substrate.  We 

could not find that they selected for any category of embeddedness or cover (i.e., open water, 

instream velocity shelter, instream overhead cover, or above stream overhead cover.  This 
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information furthers the understanding of Moapa Dace spawning ecology in the wild.  Moreover, 

replicating these conditions in captivity will aid in efforts to breed Moapa Dace. 

Introduction 

Many native fishes of the arid southwestern United States are declining, threatened, 

endangered, or extinct (Minckley and Deacon 1991; Scoppettone et al. 1998; Hatten et al. 2013).  

Interactions with invasive species, habitat loss and degradation, barriers to movement, 

groundwater pumping, management for sport fishing, and wildfire are contributing to the demise 

of these vulnerable organisms (Cross 1976; Minckley and Deacon 1991).   

Moapa Dace Moapa coriacea, a cyprinid endemic to the Muddy (Moapa) River system of 

Clark County, Nevada (Hubbs and Miller 1948; Cross 1976) was first collected and identified in 

1938 (Hubbs and Miller 1948; Miller et al. 1991).  Historically, Moapa Dace were found in 16 

km of the upper Muddy River and its tributaries, known as the Warm Springs area (Figure 1; 

U.S. Fish and Wildlife Service 1996).  The Warm Springs area is comprised of over 20 thermal, 

constant-temperature, springs within a 2-km radius, coming together to form the Muddy River 

(Cross 1976; Scoppettone et al. 1992).  The water is about 32°C to 33°C at the springs and cools 

as it flows downstream (Scoppettone et al. 1992; Scoppettone et al. 1998).  Moapa Dace are 

thermophilic, meaning they prefer warmer water, living primarily in temperatures from 26°C to 

32°C.  Water temperature presumably limits their distribution downstream (Cross 1976; 

Scoppettone et al. 1992). 

The Muddy River contains three native fishes in addition to Moapa Dace: Virgin River 

Chub Gila seminuda, Moapa Speckled Dace Rhinichthys osculus moapae, and Moapa White 

River Springfish Crenichthys baileyi moapae (Scoppettone et al. 1998).  By the time Moapa 
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Dace were discovered in 1938, Western Mosquitofish Gambusia affinis had invaded the Warm 

Springs area, and in the early 1960s, Shortfin Molly Poecilia mexicana were also present 

(Scoppettone et al. 1992; Scoppettone 1993).  As a result of their limited range, low abundance, 

and presence of invasive species, Moapa Dace were listed as federally endangered within 30 

years of being described (U.S. Office of the Federal Register 1967).   

In June 1994, a fire swept across one of the tributaries of the Muddy River and reduced 

numbers of Moapa Dace from 500 to 34 individuals in that reach (Scoppettone et al. 1998).  

Shortly after the fire, Blue Tilapia Oreochromis aureus began invading the Warm Springs area 

(Scoppettone et al. 1998; Scoppettone and Goodchild 2009).  From 1994 to 1997, the total 

population of Moapa Dace, in all tributaries, dropped from 3,800 to less than 1,600 adults 

(Scoppettone et al. 1998; Scoppettone and Goodchild 2009), and led to the IUCN designation of 

critically endangered (Gimenez 1996).  Recent population estimates, based on snorkel surveys, 

have been as low as 459 dace in February 2008 and up to 2,248 dace in August 2014 (U.S. Fish 

and Wildlife Service unpublished data). 

Knowledge of the spawning ecology of endangered species can be a powerful tool in the 

preservation of evolutionarily important populations (Johnston 1999); however, spawning of 

Moapa Dace in the wild has not been observed, and factors correlated with this behavior have 

never been documented.  The objective of this work was to attempt to observe Moapa Dace 

spawning in the wild, and evaluate environmental factors correlated with their spawning activity.  

This information will aid in managing spawning habitat and help predict the conditions likely to 

promote spawning in captivity.   
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Methods 

Study Site 

Fish were monitored for spawning in the furthest upstream reach of Plummer Stream, 

located in Moapa Valley National Wildlife Refuge (Figure 1).  This approximately 120-m 

spring-fed section of stream is a northeasterly flowing tributary of the Muddy River.  It is 

situated in the Mojave Desert approximately 70 km NE of Las Vegas, Nevada at about 540 m 

above sea level.  The site was chosen because it was close to a power source for videography 

equipment and had consistently supported the highest concentrations of Moapa Dace for the five 

years immediately prior to this study (U.S. Fish and Wildlife Service unpublished data). 

Plummer Stream’s riparian zone was primarily made up of arrowweed Pluchea sericea, 

willow Salix spp., screwbean mesquite Prosopis pubescens and stands of nonnative salt-cedar 

Tamarix spp.  and palm trees Washingtonia filifera and Phoenix dactylifera (U.S. Fish and 

Wildlife Service 1996).  The aquatic macrophyte community of Plummer Stream was mostly 

comprised of green algae Chara spp., spike rush Eleocharis spp., water nymph Najas spp., 

watercress Nasturtium spp., pondweed Potamogeton spp., and nonnative eel grass Vallisneria 

spp.  (U.S. Fish and Wildlife Service 1996).   

 

Camera Arrangement 

We used 12 IP-66 weatherproof-rated security cameras (model LBC6050, Lorex 

Technologies, Toronto, Ontario) to monitor behavior of Moapa Dace.  Cameras were bullet-

shaped, 8 cm wide x 15 cm long, and reinforced at all seams with silicone caulk for underwater 
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deployment.  Cameras were equipped with 8.5-mm (1/3-in) Sony Super HAD II image sensors 

and 47 infrared light-emitting diodes to capture nighttime and daytime activity.  Cameras had a 

60 degree diagonal field-of-view and a horizontal resolution of 600 TV lines.  Systematically 

installed 10 m apart, cameras were attached to two, 1 m long by 10 mm thick, pieces of rebar 

driven into the substrate.  Cameras were placed approximately 2 to 10 cm under the water 

surface and angled approximately 10 to 30 degrees toward the stream bottom to maximize clarity 

and field-of-view.  Coaxial camera cables were placed inside rubber garden hoses slit down the 

side and zip tied shut, to discourage terrestrial rodents from chewing.  For added protection, the 2 

m of garden hose-covered coaxial cables closest to the cameras were also covered by plastic 

corrugated tubing, to prevent muskrats Ondatra zibethicus from chewing. 

Video was recorded by connecting four cameras to each of three digital video recorders 

(DVRs) (model ECOR264-4X1, EverFocus Electronics Corporation, Duarte, California).  Digital 

video recorders were set to record continuously from March through May 2012, the time of 

greatest larval Moapa Dace abundance (Scoppettone et al. 1992).  Digital video recorders were 

housed in metal storage chests (model 2032-OS, RIDGID, Crystal Lake, Illinois) along Plummer 

Stream.  Storage chests were modified with two holes cut in the bottoms, one for a 120-mm 

exhaust fan (model A2368, Thermaltake Technology, City of Industry, California) to cool the 

unit and another to accommodate the power and coaxial cables.  In addition, we painted the 

storage chests a desert-sand color so they were camouflaged and to minimize heat absorption. 

Quantification of Available Environmental Conditions 

To identify available habitat at each underwater camera, four small colorful pieces of tile 

were placed in each corner of the underwater field-of-view and photos were taken from above 
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water, down vertically, using another camera.  The photos were opened in Microsoft Paint and a 

grid was attached to each field-of-view.  The photos were then used as guides, in the field, to 

sample environmental parameters in each cell of every grid.  Dominant substrate size was 

quantified by visually estimating which size category covered the greatest area within a cell.  As 

suggested by Bain (1999), a code was assigned based on the modified Wentworth scale (i.e., 5 = 

boulder, > 256 mm diameter; 4 = cobble, 64-256 mm; 3 = pebble, 16-63 mm; 2 = gravel, 2-15 

mm; 1 = sand, 0.06-1 mm; 0 = silt and clay, < 0.059 mm).  Substrate embeddedness, the percent 

of space between larger substrate sizes filled by smaller ones, was estimated to the nearest 

quartile and assigned a value from one to four (i.e., 0-25% embedded was assigned a 1; 2 = 26-

50%; 3 = 51-75%; 4 = 76-100%; Bovee 1986).  Depth was measured at the center of each cell 

using a 1.2-m USGS top setting wading rod (model 105-001, Rickly Hydrological Company, 

Columbus, Ohio).  Flow was estimated at the center of each cell by measuring mean column 

velocity at 60% of the water depth, from the water surface, using a USGS pygmy meter (model 

6205, Rickly Hydrological Company, Columbus, Ohio) mounted to the wading rod.  A flow 

computer (AquaCalc Pro model 102-010, Rickly Hydrological Company Columbus, Ohio) was 

mounted to the top of the wading rod to calculate mean flow.  Cover was categorized into four 

groups: instream velocity shelter, instream overhead cover, above stream overhead cover, or 

open water.  Instream velocity shelter was assigned to a cell when an object (e.g., cobble, 

boulder, or submerged log) that was at least 6 cm wide, extended at least 6 cm above the stream 

bottom, and existed at the upstream end of a cell.  A cell was classified as having instream 

overhead cover when an object, typically a downed log, was positioned in the water column 

directly above the cell, had a diameter of at least 10 cm, and at least three-fourths of the diameter 

overlapped the cell.  Turbulence (e.g., whitewater) in the water column, obstructing the view of 
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underlying fish, was classified as instream overhead cover as well.  Above stream overhead 

cover was classified in the same way as instream overhead cover except the cover (e.g., downed 

log or tree with overhanging branches) was elevated above the surface of the water.  If none of 

the above types of cover could be applied to a cell, it was classified as open water.  Open water 

was the only classification that was mutually exclusive; there could be any combination of the 

first three types assigned to any given cell.  One temperature logger (HOBO Pendant 

Temperature and Light Data Logger model UA-002-64, Onset Computer Corporation, Bourne, 

Massachusetts) was installed on the mount, with each camera, to record temperature every ten 

minutes throughout the duration of video recording.  Macrohabitat was classified as pool, glide, 

run, and riffle based on descriptions from Arend (1999).  Temperature was the only variable 

measured continuously; all others were estimated once and then assumed to remain constant due 

to the highly stable nature of this spring-fed system.  To confirm this assumption, stream 

discharge was monitored at a USGS flume-gauge (site number: 9415927) approximately 400 m 

downstream of the most downstream site in this study. 

Monitoring of Spawning Events 

A total of 4,488 10-min video clips from March 17, 2012 through April 19, 2012 were 

selected for analyses.  This was about 11 percent of the video recorded during that time period.  

To sub-sample in a representative fashion, the entire video sequence was subdivided into 24-h 

days.  Each day was further subdivided into 144 10-min clips.  Lastly, an online random 

sequence generator (http://www.random.org/sequences/, Randomness and Integrity Services, 

Dublin, Ireland) was used to select 16 10-min video clips, from each 24-h day, for analysis.  

While watching each clip, all fish observed were identified and counted.  All behaviors displayed 

by Moapa Dace were noted.  Behaviors were defined as (1) passing by when fish swam through 
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the field-of-view with no obvious intent to stay; (2) stationary swimming when fish maintained 

their position in current; (3) random swimming when fish changed their position in the stream 

with no apparent purpose but stayed within the field-of-view; (4) feeding when fish actively 

pursued prey items; (5) chasing when a fish approached another in an aggressive manner causing 

it to relocate; (6) courting when two fish swam closely alongside one another very intently but 

did not vibrate or twirl around each other; and (7) spawning when two or more fish vibrated 

against or gyrated around one another in a similar fashion to the behavior described for two close 

relatives, Longfin Dace Agosia chrysogaster and Speckled Dace Rhinichthys osculus (John 1963; 

Minckley and Barber 1971). 

To assign environmental variables to a spawning location, the event was assessed in 

comparison to the overhead pictures and grid of cells for that field-of-view.  Based on the 

position of fish in the video, in relation to landmarks, the event was assigned to a particular cell.  

Frequently (8 of 13 events) spawning was carried across multiple cells but the event was only 

assigned to the location of where it started. 

Data Analysis 

We used plot analyses to identify the range of conditions Moapa Dace used for spawning 

(Bonar et al. 2010) and nonparametric contingency table analyses to ascertain whether or not 

Moapa Dace selected specific conditions to spawn (Bovee 1986; Thomas and Bovee 1993; 

Bovee et al. 1998).  To identify use, ranges of conditions from cells where spawning occurred 

were noted and presented in frequency plots for easy visualization.  To evaluate spawning site 

selectivity, cells in all camera locations were placed into one of four categories to build a 2x2 

contingency table.  These four categories depended on whether environmental variables were 
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continuous (e.g., depth and velocity), nonbinomial discrete (e.g., substrate and embeddedness), 

or binomial (presence of a cover type or not).  For continuous and nonbinomial discrete 

variables, the four cell categories were (a) preferred for spawning and spawning occurred in the 

cell; (b) not preferred for spawning and spawning occurred in the cell; (c) preferred for spawning 

and no spawning occurred in the cell; (d) not preferred for spawning and no spawning occurred 

in the cell (Figure 2).  First, a range of values was identified as “preferred” and “not preferred” 

for each variable.  To make this designation, values from cells, which spawning occurred in, 

were sorted in numerical order and then the range of values occupying the central 50% of 

spawning observations was labeled “preferred” (Thomas and Bovee 1993; K.  D.  Bovee, USGS 

Mid-Continent Ecological Science Center, personal communication), while values outside this 

range were labelled “not preferred.” All cells were then classified as preferred or not preferred 

with respect to the value for each variable.  For binomial variables, such as presence of specific 

cover types, no predesignation was made for the preference of cells.  Cells were placed into one 

of four categories as before, however, categories were (a) cover type present and spawning 

occurred; (b) cover type absent and spawning occurred; (c) cover type present and no spawning 

occurred; (d) cover type absent and no spawning occurred.  Once a contingency table was 

generated, the test statistic: 

T1 =
N 0.5 (ad-bc) 

[(a+b)(c+d)(a+c)(b+d)]0.5

was produced.  T1 is approximately normally distributed; therefore, it is compared with a 

standard normal distribution to determine the level of significance (Conover 1980).  This is a 

one-sided test of the null hypothesis that sites with a parameter within the “preferred” range were 

utilized in an equal or smaller proportion than sites outside the “preferred” range.  To add a 
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multivariate aspect to these analyses, a contingency table was built in a similar manner as above 

except the left column only included counts of cells that fell within the “preferred” range for all 

significant parameters, from univariate analyses, at the same time (Thomas and Bovee 1993).  

The null hypothesis for the multivariate analysis was that fish used cells with any significant 

variables outside of the “preferred” range in an equal or greater proportion than cells containing 

all the significant variables inside the “preferred” range.  As a result of the extraordinarily rare 

nature of Moapa Dace spawning, and to reduce the risk of overlooking conditions important to 

Moapa Dace reproduction, we rejected each null hypothesis in this study at a 0.10 level of 

significance. 

Results 

Quantification of Available Environmental Conditions 

The following summary statistics are means followed by an associated standard error in 

parentheses.  The field-of-view in front of each camera was slightly different depending on the 

camera’s angle toward the bottom, stream depth, and stream width at that location.  The mean 

area within the 12 camera’s fields-of-view was 0.32 (0.086) m2, ranging from 0.04 to 1.18 m2.  

The number of cells per field-of-view ranged from 21 to 30 with a mean area of 0.01 (0.00083) 

m2 per cell.  There were a total of 280 cells or sampling sites.  Mean dominant substrate size 

(modified Wentworth scale) for all sites was 2.7 (0.099) (i.e., between gravel and pebble) and 

ranged from 0 (silt) to 5 (boulder); however, a majority of the sites were dominated by cobble 

(Table 1; Figure 3).  Embeddedness ranged from 1 to 4 with a mean of 2.4 (0.069) (Table 1).  

About a third of the sampling sites were categorized in the first, second, and fourth quartiles 

each, with only a few in the third quartile of embeddedness (Figure 3).  Mean depth for all 
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sampling sites was 28 (0.060) cm and ranged from 9 to 53 cm (Table 1).  A range of 0 to 0.62 

m/s mean column velocity was observed, with a mean of 0.17 (0.0074) m/s (Table 1).  Mean 

temperature recorded among all camera sites throughout the duration of time that video was 

analyzed was 31.7 (0.014)°C and ranged from 31.0°C to 32.8°C (Table 1).  Approximately 20 

percent of sampling sites had instream velocity shelter, about 35 percent had instream overhead 

cover, about 60 percent had above stream overhead cover, and about 20 percent were open water 

(Figure 3).  Macrohabitat of camera sites consisted of three sites classified as pool, three sites 

classified as glide, four sites classified as run, and two sites classified as riffle.  Discharge 

throughout the duration of time that cameras were installed in Plummer Stream, at the USGS 

gauge downstream of the sampling sites, ranged from 0.12 to 0.14 m3/s with a mean of 0.13 

(0.000034) m3/s. 

Monitoring of Spawning Events 

The most frequently observed fish species was Moapa White River Springfish, occurring 

in 86% of video segments and Moapa Dace were identified in 43%.  Two nonnative species: 

Shortfin Molly and Western Mosquitofish were observed in 9% and 2% of clips, respectively.   

Moapa Dace were feeding in about two-thirds of the video segments when observed and 

were passing by in a little less than one-third of observations; all other behaviors were identified 

in only a small fraction of clips.  Spawning, one of the less frequently observed behaviors, was 

identified 13 times.  Over the 13 events, the average length of time Moapa Dace spent spawning 

was 2 s, with a range from 1 to 4 s. 

Spawning was observed to occur primarily (12 times) between two dace.  One spawning 

event involved a group of about 10 individuals.  During spawning, two or more fish came 
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together near the surface of the water and gyrated around one another as they drifted down 

toward the stream bottom.  They never appeared to interact with the substrate intentionally and 

never displayed any kind of nest building behavior.  Four of the spawning events began in the 

same location as a previous spawning event; consequently, there were only nine unique 

spawning sites utilized in selection analyses.   

Spawning was recorded on March 19, March 31, April 1-5, April 8, April 11, and April 

14 2012.  Two spawning events were recorded in macrohabitat categorized as a run, six in a 

glide, and five in a pool.  Spawning activity was only observed during daylight hours.  Four 

spawning events occurred between 0700 hours and 0900 hours, one during the noon hour, and 

eight between 1400 hours and 2000 hours.   

Data Analysis 

For the nine spawning sites, a range of environmental conditions could be identified.  

Mean dominant substrate size (modified Wentworth scale) for all sites was 3.7 (0.33) (i.e.  

between pebble and cobble) and ranged from 0 (silt) to 5 (boulder); however, a large majority of 

spawning was in cobble (Table 2; Figure 3).  Embeddedness ranged from 1 to 4 with a mean of 

2.4 (0.38), which falls between the 26-50% and 51-75% quartiles (Table 2).  Mean depth for all 

spawning sites was 33 (0.56) cm and ranged from 30 to 38 cm (Table 2).  Velocity of spawning 

sites ranged from undetectable to 0.39 m/s, with a mean of 0.22 (0.040) m/s (Table 2).  Mean 

temperature recorded at each spawning site, during the 10-min segment of video when each 

spawn occurred, was 31.7 (0.075)°C and ranged from 31.1°C to 32.0°C (Table 2).  

Approximately 10 percent of spawning sites were associated with instream velocity shelter, 
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about 55 percent had instream overhead cover, about 55 percent had above stream overhead 

cover, and about 20 percent did not have any cover (Figure 4). 

 Moapa Dace utilized certain conditions to spawn in Plummer Stream different from the 

availability of those conditions.  They utilized areas with deeper than average water depth.  They 

tend to spawn in water velocities that were slower to mid-range speed.  Spawning occurred 

primarily over rocky substrates mostly comprised of the cobble size class.  Embeddedness of the 

substrate, where spawning occurred, ranged widely, but the proportion of spawning over areas 

having the highest quartile was slightly larger than the proportion of that quartile available in the 

study reach.  Cover at spawning locations seemed to follow the pattern of availability with few 

events observed behind velocity shelter or open water and more events observed beneath 

overhead cover; instream overhead cover is the only type used disproportionately more than it 

was available.   

  Moapa Dace selected certain conditions to spawn.  Selections for specific depth, 

velocity, and substrate were all significant (P < 0.10; Table 3).  The central 50% of the range 

Moapa Dace selected for spawning included depths from 30 to 34 cm, velocities from 0.11 to 

0.17 m/s, and dominant substrate sizes within the cobble category (Table 3).  The multivariate 

contingency table combining the central 50% of ranges for depth, velocity, and substrate also 

resulted in a significant test statistic (Table 3).  Selection for presence of instream overhead 

cover was nearly significant (T1 = 1.26, P = 0.11; Table 3).  We could not identify that Moapa 

Dace selected for any category of embeddedness, open water, instream velocity shelter, or above 

stream overhead cover (Table 3, Figure 3).   
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Discussion 

This study is the first to document spawning of endangered Moapa Dace in the wild.  

Moapa Dace spawning behavior fits into the broadcasting category of spawning modes, 

described by Johnston (1999) as the primitive mode where eggs and milt are released over an 

unaltered substrate and no parental care is provided.  Broadcast spawning is exhibited by over 

60% of North American cyprinids (Johnston 1999).  Different species broadcast their gametes in 

varying ways.  Some species group together in large spawning aggregations that can consist of 

up to hundreds of individuals (Moyle 2002), while others simply breed in pairs (Platania and 

Altenbach 1998).  Some fishes release their spawn over rocky substrates while others use 

submerged aquatic vegetation (Moyle 2002).  Some species spawn in lentic systems but others 

require flowing water (Johnston 1999).  Eggs produced by broadcasting cyprinids can be 

demersal adhesive, demersal nonadhesive, and semibuoyant nonadhesive (Platania and 

Altenbach 1998; Johnston 1999).   

 We could not verify that spawning behavior, observed during this study, produced 

fertilized eggs because video was analyzed at a later date.  Furthermore, fish were not close 

enough to the camera to provide the resolution necessary to observe gametes; however, the 

behaviors observed were very similar to spawning behaviors reported for other cyprinids of the 

desert Southwest.  The type of eggs released by Moapa Dace is still unknown.   

 Moapa Dace live in a predominantly stable environment.  Discharge remained steady 

throughout this study and there were no significant weather events to create disturbances to alter 

the environment.  Therefore, unlike some species where spawning is triggered by wide 

fluctuations in environmental variables such as temperature (Kaya 1991; Rakes et al. 1999; 
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Archdeacon and Bonar 2009) or velocity (Mills 1980), triggers that stimulate Moapa Dace to 

spawn are probably subtle; or spawning might have been more prevalent if there were significant 

weather events.   

 Videography proved to be effective for learning about the spawning ecology of Moapa 

Dace; however, difficulties did exist.  Ideally, studies such as this would have more observations 

of spawning than we were able to obtain.  Thomas and Bovee (1993) suggest obtaining at least 

55 occupied cells and at least 200 unoccupied cells when evaluating environmental selection.  As 

the numbers of observations are reduced, the frequency of type II errors (false acceptance of null 

hypotheses) can be expected to increase rapidly (Thomas and Bovee 1993).  Type I errors (false 

rejections of null hypotheses) can also be expected to occur more frequently as numbers of 

observations drop, but remain less common than Type II errors (Thomas and Bovee 1993).  Type 

I errors are a more serious problem (concluding a significant result) so their relative rarity is 

good.  More samples would have benefitted these analyses by increasing statistical power to 

obtain significant results. 

 Equipment limitations also provided challenges.  The camera system needed to be located 

near a power source.  The DVRs recorded video onto hard drives that filled quickly due to the 

continuous movement of fish, the water, and submerged vegetation.  Hard drives needed to be 

replaced about every 10 days.  Also, image quality of the video would occasionally deteriorate 

because algae grew on camera lenses and vegetation became wrapped around cameras, thus 

obscuring the view.  These issues can be rectified with frequent monitoring.  Furthermore, the 

large volume of video recorded, required substantial time to analyze.  Increasing video speed to 

review fish behavior more rapidly was possible, but since Moapa Dace were frequently in the 
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field-of-view, the video often had to be watched more closely to identify behaviors.  Other 

systems will likely have large gaps of time with no fish in front of the cameras, which will 

enable viewers to fast forward and analyze more video.  Image analysis systems (e.g., Cooke and 

Bunt 2004) have been useful for the identification of spawning behavior of Largemouth Bass 

Micropterus salmoides (Cooke et al. 2001), feeding by Bluegill Lepomis macrochirus (Harrel 

and Dibble 2001), and captive spawning by other cyprinids (Platania and Altenbach 1998).  An 

efficient image analysis system would allow more video to be analyzed, increasing the power of 

monitoring efforts. 

Conclusion 

Spawning in Moapa dace was documented 13 times during this study.  Moapa Dace 

displayed behavior consistent with broadcasting cyprinids.  For spawning, Moapa Dace selected 

depths ranging from 30 to 34 cm, water velocities from 0.11 to 0.17 m/s, and cobble substrate.  

We did not find that Moapa Dace selected for embeddedness, open water, instream velocity 

shelter, instream overhead cover, or above stream overhead cover.  Additional examination of 

areas where these conditions align will be important to further the understanding of Moapa Dace 

spawning ecology.  Moreover, replicating these conditions in captivity will aid Moapa Dace 

husbandry efforts. 
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Table 1.1.  Mean and standard error (SE) of selected environmental characteristics of sampling 

sites (n = 280) in Plummer Stream, Nevada.  Temperature was not recorded in each individual 

cell, but at each of the 12 camera locations. 

Variable Mean SE Maximum Minimum 

Substrate 
(modified 

Wentworth scale) 
2.7 0.099 5 0 

Embeddedness 
(quartile) 2.4 0.069 4 1 

Depth (cm) 28 0.59 53 9 

Velocity (m/s) 0.17 0.0074 0.62 0.00 

Temperature (°C) 31.7 0.0139 32.8 31.0 

 

  

SE ROA 47303

JA_14356



31 
 

Table 1.2.  Selected environmental characteristics of locations (n = 9) where Moapa Dace 

spawned in Plummer Stream, Nevada.  SE is standard error.  Note: temperature was not recorded 

in each individual cell; statistics reported are for temperatures logged at the cameras where 

spawning occurred, during the 10-min interval that spawning occurred.   

Variable Mean SE Maximum Minimum 

Substrate 
(modified 

Wentworth scale) 
3.7 0.33 5 0 

Embeddedness 
(quartile) 2.4 0.38 4 1 

Depth (cm) 33 0.56 38 30 

Velocity (m/s) 0.22 0.040 0.39 0.00 

Temperature (°C) 31.7 0.0754 32.0 31.1 
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Table 1.3.  Results from nonparametric contingency table tests to evaluate whether Moapa Dace 

selected for certain resources.  T1 is the test statistic produced in the one-sided tests and was 

compared with a standard normal distribution to determine the level of significance.  The 

multivariate test incorporated each variable with a P-value less than 0.10 (i.e., depth, velocity, 

and substrate). 

Variable Preferred 
Range T1  P-value 

Substrate (modified 
Wentworth scale) 4 1.35 <0.089 

Embeddedness 
(quartile) --- 0.45 0.33 

Depth (cm) 30-34 3.92 <0.0002 

Velocity (m/s) 0.11-0.17 2.22 0.011 
Instream Overhead 

Cover Present 1.26 0.11 

Open Water --- 0.03 0.49 
Above Stream 

Overhead Cover --- -0.32 0.63 

Instream Velocity 
Shelter --- -0.46 0.67 

Multivariate Test --- 3.29 0.0005 
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Figure 1.1.  Map of the Warm Springs area in southeastern Nevada, where Moapa Dace occur in 

the wild.  Section of Plummer Stream highlighted in red is the reach that was used for this study. 
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  Preferred Not 
Preferred TOTAL 

Spawning Occurred a b a + b 
No Spawning Occurred c d c + d 

TOTAL a + c b + d N 
 

Figure 1.2.  Contingency table format used in the one-sided test of the null hypothesis that each 

individual environmental parameter, within the “preferred” range, is utilized less than or equal to 

the proportion of its availability. 

  

SE ROA 47307

JA_14360



35 
 

 

Figure 1.3.  Percent of available sites (n = 280; solid bars) versus spawning sites (n = 9; 

patterned bars) within categories for dominant substrate size, embeddedness, depth, velocity, and 

several cover parameters. 
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Chapter 2. 

Captive Rearing and Propagation of Endangered Moapa Dace 

 

Abstract.--Moapa Dace Moapa coriacea is a critically endangered cyprinid endemic to the 

Warm Springs area of Clark County, Nevada.  Moapa Dace are listed as federally endangered 

because of their limited range, low abundance, habitat alteration, and negative impacts from 

introduced species.  Prior to this work, Moapa Dace had never been successfully held in captivity 

for any length of time.  In an effort to develop a protocol for rearing and propagating Moapa 

Dace in captivity, 40 fish were collected in February 2013, and an additional group of 30 fish 

were collected in January 2014.  We were able to successfully transport and rear Moapa Dace 

employing slow acclimation and aggressive prophylactic treatment; feeding adults with a 

combination of live and frozen invertebrates and commercially available pelleted foods; and 

providing an artificial stream environment to them.  In an attempt to spawn Moapa Dace, we 

applied 14 different treatments, including introduction of different types of cover and different 

sized substrates; manipulations of photoperiod, water chemistry, and temperature; and 

application of hormone baths and injections.  Moapa Dace were successfully propagated in one 

treatment left ongoing for over three months.  This treatment occurred in an artificial stream and 

incorporated 14 broodstock from the second capture period, an additional submersible pump to 

direct an increased velocity along gravel and cobble substrate, and a variety of substrate sizes 

and artificial plants.  Further tests are necessary to fine tune the understanding of what triggered 

the fish to spawn but initial information suggests that to successfully rear and captively 

propagate Moapa Dace, biologists should take great care with acclimation and provide an 

environment similar to that experienced by fish in the wild, incorporating stream conditions and 

minimal human disturbance. 
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Introduction 

Little is known about the spawning mode of many imperiled minnows and even less is 

known about rearing them in captivity (Johnston 1999).  One such example is critically 

endangered Moapa Dace Moapa coriacea, a cyprinid endemic to the Muddy (Moapa) River 

system of Clark County, Nevada (Hubbs and Miller 1948; Cross 1976) first collected and 

identified in 1938 (Hubbs and Miller 1948; Miller et al. 1991).  Historically, Moapa Dace were 

found in 16 km of the upper Muddy River and its tributaries, known as the Warm Springs area 

(Figure 1; U.S. Fish and Wildlife Service 1996).  The Warm Springs area is comprised of over 

20 thermal, constant-temperature, springs within a 2-km radius, coming together to form the 

Muddy River (Cross 1976; Scoppettone et al. 1992).  The water is about 32°C to 33°C at the 

springs and cools as it flows downstream (Scoppettone et al. 1992; Scoppettone et al. 1998).  

Moapa Dace are thermophilic, meaning they prefer warmer water, living primarily in 

temperatures from 26°C to 32°C.  Water temperature presumably limits their distribution 

downstream (Cross 1976; Scoppettone et al. 1992).  Moapa Dace have been reported to inhabit 

water containing 3.4 to 8.4 mg/L dissolved oxygen and pH ranging from 7.1 to 7.9 (U.S. Fish 

and Wildlife Service 1996). 

The predicament of low abundance and restricted distribution that makes Moapa Dace 

vulnerable to extinction is exacerbated by numerous threats.  Nonnative Shortfin Molly Poecilia 

mexicana may be consuming larval Moapa Dace in areas where they have access to larval 

nurseries (Scoppettone 1993).  Nonnative Blue Tilapia Oreochromis aureus prey upon Moapa 

Dace (Scoppettone et al. 2005), but have recently been removed from the Warm Springs area; 

however, they still exist downstream, so potential for their reintroduction remains high.  Red 

Shiners Cyprinella lutrensis have been introduced to the nearby Virgin River, coinciding with a 
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decline of endangered Woundfin Plagopterus argentissimus (Rinne 1995) and could also 

threaten Moapa Dace.  Wildfire is unpredictable and has devastated Moapa Dace in the past 

(Scoppettone et al. 1998).  Groundwater pumping in the Warm Springs area, which is 

approaching the limits of sustainability, may further endanger Moapa Dace by reducing available 

habitat (Mayer and Congdon 2008; Hatten et al. 2013). 

Prior to this work, Moapa Dace were never successfully held in captivity.  The status of 

this unique fish may be more secure with an established captive population.  Captive rearing and 

propagation has a threefold benefit to imperiled fishes: it is easier to justify the use of research 

specimens if they are already in captivity; captive populations provide a refuge if catastrophic 

events affect wild populations; and captive populations provide a source for reintroduction if 

wild populations fall below a minimum viable level (Echelle 1991).  In order to maintain a 

population in captivity, the fish need to reproduce successfully in a captive setting.  Many fishes 

can be triggered to spawn in captivity by replicating the natural conditions (e.g., access to 

spawning substrate, change of temperature, change of day length, and rain) that stimulate them to 

spawn in the wild (De Silva et al. 2008).  Hormone injections are typically utilized to 

successfully spawn fishes that are particularly difficult to spawn in an artificial setting. 

The objectives of this project were: 1) investigate factors necessary for maintenance of 

Moapa Dace in captivity, 2) design and construct facilities for captive Moapa Dace, 3) rear 

Moapa Dace in captivity, and 4) propagate Moapa Dace in captivity.   
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Methods 

Fish Collection and Transport 

Wild fish were captured during two different sampling events (U.S. Fish and Wildlife 

Service Recovery Permit TED86593-2).  We obtained 40 Moapa Dace on February 16, 2013 

during the first sampling event.  Fish were captured using aluminum mesh minnow traps in 

Pederson Stream and Plummer Stream (Figure 1).  Traps were placed in areas that high numbers 

of dace were noted during the biannual snorkel survey held a few days prior.  Traps were set at 

approximately 0500 hours and fish were removed from 0730 hours to 0900 hours the same 

morning.  Once captured, fish with PIT tags were released immediately and only adults (fish 

measuring greater than 40 mm total length [TL]) were kept.  These fish ranged from 

approximately 50 to 100 mm TL.  The second collection occurred on January 15, 2014.  Thirty 

additional Moapa Dace were captured by snorkelers using dip nets.  To minimize handling this 

time, fish were not scanned for PIT tags and were visually estimated to be greater than 40 mm 

TL.  Fish ranged from approximately 50 mm to 80 mm TL.   

Fish were transported to propagation facilities at the University of Arizona’s College of 

Agriculture in Tucson, Arizona, immediately following capture.  We used four cube-shaped 45-L 

coolers, each equipped with an aerator and a heater (50-W Ebo-jager, Eheim, Montreal, Quebec), 

set at 30°C, to transport the fish via truck to Tucson.  On the first trip, ten dace were transported 

in each cooler.  To minimize effects of stress caused by transport and handling, we added 200 g 

(0.6% solution) of non-iodized salt (All Natural Solar Salt Crystals, Morton Salt, Chicago, 

Illinois) and 5 mL water conditioner (Stress Coat, Aquarium Pharmaceuticals, Chalfont, 

Pennsylvania) to each cooler that had been filled three-fourths full with Muddy River water.  For 
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the second transport, two coolers were used to carry eight dace each and the other two coolers 

were used to hold seven dace each.  We filled each cooler three-fourths full with Muddy River 

water and added 135 g (0.4% solution) of Morton non-iodized salt and 5 mL Stress Coat water 

conditioner.   

Rearing 

 Equipment and location.--Two quarantine systems and four artificial streams were 

designed to captively rear Moapa Dace.  Each quarantine system consisted of a 240-L acrylic 

aquarium to hold fish and a 60-L glass aquarium that served as a sump (Figure 2).  The bottom, 

ends, and back of the aquariums were made of black nontransparent acrylic and the front was the 

only clear wall.  We drilled a hole in an end of the acrylic tank, 4 cm from the top, and installed a 

3.8-cm (1.5-in) diameter double threaded bulkhead fitted with an overflow strainer.  We plumbed 

the bulkhead with 3.8-cm (1.5-in) diameter polyvinyl chloride (PVC) pipe so water would 

overflow and drain into the sump.  The sump was filled with 20 L of 2.5-cm (1-in) plastic 

floating bio-balls (CBB1-F, Pentair Aquatic Eco-Systems, Apopka, Florida) as a medium for 

biological filtration.  We installed a Pondmaster Magnetic Drive Utility Pump (model 5, Danner 

Manufacturing, Islandia, New York) in the sump.  The pump forced water through 2.5-cm (1-in) 

diameter flexible braided PVC tubing into an ultraviolet sterilizer (model QL-40, Lifegard 

Aquatics, Cerritos, California) and back into the acrylic tank through a 1.9-cm (3/4-in) diameter 

PVC pipe.  The pump also created a current in the tank.  To maintain stable temperatures, we 

installed one 250-W Ebo-jager heater in each aquarium and sump. 

For the artificial streams, we used an approximately 800-L rectangular fiberglass tank for 

the fish and a 1,200-L cylindrical fiberglass tank as a sump (Figure 3).  The fiberglass tanks 
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came with a circular port at one end, through which we were able to pass a piece of 10-cm (4-in) 

diameter PVC.  We set the fill level of the artificial streams with the height of the overflow PVC 

pipe exiting.  Once water level reached that height, it overflowed and fed into the sump by 

gravity.  In the sump, we hung two 18.95-L (5-gal) plastic buckets, each were filled with 2.5-cm 

(1-in) plastic bio-balls, topped with filter pads (Blue Bonded Filter Pads, Pentair Aquatic Eco-

Systems, Apopka, Florida), and had about fifteen 10-mm holes drilled in the bottom.  Two 

recirculating pumps (Rio 1100, Taam, Camarillo, California) pumped water from the sump 

through 1.9-cm (3/4-in) diameter vinyl tubing into the top of the bucket filters, through which it 

filtered and then drained back into the sump via gravity.  Also in the sump, we installed a 

submersible Pondmaster model 12 magnetic drive utility pump that pushed water through 1.9-cm 

(3/4-in) diameter PVC pipe, into an ultraviolet sterilizer (Lifegard Aquatics model QL-40, 

Cerritos, California), through 2.5-cm (1-in) diameter braided PVC tubing, then back into the tank 

through a 1.9-cm (3/4-in) diameter PVC pipe.  The pump also created a current in the artificial 

stream; velocity ranged from below detectable levels to 1.2 m/s at the inflow.  Artificial streams 

were 268 cm long x 68.5 cm wide and water depth ranged from 32 to 40 cm.  To maintain stable 

temperatures, we installed three 300-W Ebo-jager heaters in the fiberglass tanks and two 300-W 

ViaAqua heaters (Commodity Axis, Camarillo, California) in the sumps.   

Originally, the artificial streams were set up in a greenhouse and received ambient 

Tucson, Arizona sunlight but later they were brought indoors to have better control over 

temperature and photoperiod.  Once indoors, operations and components were the same, with the 

exception that 220-L glass aquaria were then used as sumps.  These sumps were filled with 

approximately 28 L of 2.5-cm (1-in) plastic floating bio-balls, as a medium for biological 

filtration.   
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Prior to stocking fish into either system, they were disinfected and cycled to establish 

biological filtration.  Each system was filled with water then a chlorine powder pool shock 

(Leslie’s Power Powder Plus, Leslie’s Swimming Pool Supplies, Phoenix, Arizona) was dosed at 

4.93 mL (1 tsp) per 152 L (40 gal) of water.  This was allowed to circulate through the system 

for 4-5 d until the chlorine bubbled off and reached undetectable levels.  Next, we performed a 

25% water change and then to provide a nitrogen source for nitrifying bacteria, we added 1.75 g 

ammonium chloride per 190 L of water and allowed it to disperse throughout the system.  Each 

system was inoculated with 30 mL (1 oz) nitrifying bacteria starter culture (StartSmart Complete, 

TLC Products, Cleveland, Ohio) per 37.9 L (10 gal) of water.  Lastly, 0.62 mL (1/8 tsp) of dry 

fish food was added to the sump to aid in establishment of heterotrophic bacteria.   

We used well water from the agricultural center during acclimation and propagation 

treatments for the first group of fish brought into captivity.  Disinfected Muddy River water was 

used during acclimation for the second group of fish and to perform water chemistry treatments 

in an attempt to trigger them to spawn.  We obtained approximately 12,000 L of Muddy River 

water via tanker trailer to replace Tucson well water.  The polyethylene hauling tanks were 

disinfected prior to water collection; water was collected from Jones Spring, at the head of Apcar 

Stream, and transported back to Tucson.  Before water was used to rear fish, it was treated using 

4.93 mL (1 tsp) Leslie’s chlorine powder per 152 L (40 gal) of water and it was allowed to 

bubble off for about 5 d until chlorine was undetectable.   

Acclimation and Prophylactic Treatment.--Fish prophylaxis began immediately upon 

arrival to Tucson.  For the first batch of fish from February 2013, we performed a treatment for 

external parasites by removing half of the water volume in the coolers, adding 1 mL of 10% 

buffered formalin per 4 L (1 gal) of water, and continuing aeration.  After 10 min, 4 L (1 gal) of 
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water were added from the designated quarantine tanks to the coolers and this was repeated 

every 10 min until the coolers were full, drained halfway again and filled once more.  This 

process allowed the fish to be exposed to prophylaxis and slowly acclimate to new water 

conditions.  Once treatments were complete, Moapa Dace were transferred into quarantine tanks 

in no particular order, 20 in each. 

Quarantine aquaria were held at 28°C with a 200-W Ebo-jager heater and water was 

maintained at a 0.3% solution of non-iodized salt to aid in acclimation.  Starting on the second 

day in quarantine, fish were fed small semi-floating pellets (Hikari Tropical Micro Pellets, Hikari 

Sales U.S.A., Hayward, California) by hand, twice daily.  We performed approximately 20% to 

30% water changes daily unless water quality deteriorated or antibiotic bath treatments were 

used, then 40% to 90% changes were performed.  When fish showed signs of disease, we treated 

them using the appropriate medicine as directed by manufacturers.  Bacterial infections (e.g., 

lethargy and lack of appetite) were treated with antibiotics, (Fish Sulfa Forte, Thomas 

Laboratories, Tolleson, Arizona; Chloramphenicol, EMD Millipore, Billerica, Massachusetts; 

and Kanaplex, Seachem Laboratories, Madison, Georgia); and parasite infections (e.g., rapid 

ventilation of infected gills and lethargy) were treated using a formalin and malachite green 

product (Rid Ich Plus, Kordon LLC, Hayward, California), an increased salt concentration to 

0.6%, and chloroquine phosphate (Fishman Chemical, Tavernier, Florida). 

The second group of fish obtained in January 2014 was treated somewhat differently.  

We performed a 1-hour prophylactic bath, to eliminate external parasites, by adding 1 mL of 

malachite green and formalin solution (solution contained 0.05 ppm malachite green and 25 ppm 

formalin, Southwestern Native Aquatic Resources and Recovery Center, Dexter, New Mexico) 

to each 45-L cooler filled three-fourths full of water, and maintaining aeration.  After 1 hour, 
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one-half of the water volume was removed from each cooler and then water was slowly siphoned 

through an approximately 1.5-m long airline hose, with a 4.76-mm (3/16-in) inside diameter, 

from the respective artificial stream into the coolers, until they were full.  Coolers were then 

immediately drained halfway, and slowly filled again.  This process allowed fish to be exposed 

to prophylaxis and acclimate to the new water conditions.  Once complete, all 30 dace were 

transferred directly into an artificial stream instead of the quarantine aquaria. 

During quarantine, artificial streams were maintained at 29°C to 30°C with two 300-W 

Ebo-jager heaters in the fiberglass tanks and one 300-W ViaAqua heater in the sumps.  On the 

first day, we performed a 70% water change and approximately 20% to 30% water changes daily 

after that, unless prophylactic treatments were performed, then water was flushed from artificial 

streams to achieve a nearly 100% water change.  After 24 h in captivity, fish were fed Hikari 

Micro Pellets, by hand, twice daily and frozen invertebrates (i.e., Hikari Blood Worms and 

Hikari Brine Shrimp) once daily, alternating between the two each day.  The malachite green and 

formalin solution was applied prophylactically at a concentration of 26 ppt (1 mL per 38 L of 

water) for 1 hour on the third and seventh day in captivity.  Oxytetracycline (Pennox 343, 

Pennfield Animal Health, Omaha, Nebraska) treatments were applied at a concentration of 10 

ppm for 7 h on days five and ten.  During formalin and antibiotic treatments, the recirculating 

pump in the sump was turned off to isolate the therapeutant with the fish and protect the biofilter.  

A submersible model 5 Pondmaster magnetic drive utility pump was placed in each artificial 

stream along with aeration to maintain appropriate water conditions for the fish during these 

treatments.  A liquid praziquantel therapeutant (PraziPro, Hikari Sales U.S.A., Hayward, 

California) was administered at a rate of 1 mL PraziPro per 15 L of water on day 18 to circulate 
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through the system for 3 d and again on day 26 to circulate for 7 d before water changes.  

PraziPro does not affect nitrifying bacteria so biofilters were not isolated during its application. 

Feeding, General Care, Water Quality.--Through quarantine, fish were reared over one 

and a half months before propagation treatments began.  Care of fish was as follows: 

After close inspection of results from hand feeding, we installed an automatic feeder 

(Fish Mate F14 Aquarium Fish Feeder, Ani Mate, Conroe, Texas) on each artificial stream, 

which delivered three feedings per day.  We continued feeding frozen invertebrates to the fish 

once daily, alternating between brine shrimp Artemia spp.  and bloodworms Chironomus spp.  In 

addition, we placed a leaf of organic romaine lettuce Lactuca sativa var.  longifolia in each 

artificial stream approximately once every two months.  Temperature was monitored daily using 

an ISO calibrated thermometer.  Water quality (pH, ammonia, nitrite, nitrate, alkalinity, and 

hardness) was monitored daily until parameters stabilized subsequent to the initial stocking of 

fish and then weekly thereafter.  Approximately 10% water changes were made weekly after 

parameters stabilized as well.  Gravel substrate was siphoned monthly to remove waste. 

Investigation of Different Treatments to Trigger Spawning 

Preliminarily, we performed a videography study to monitor spawning behavior in the 

wild.  We identified 13 spawning events.  From this project (Chapter 1) we concluded that 

Moapa Dace are broadcast spawners.  Based on comparing proportions of used resources with 

proportions of resources available, they preferred depths from 30 to 34 cm, stream velocities 

from 0.11 to 0.17 m/s, and rocky substrate to spawn.  Based on those field observations and 

techniques used to successfully spawn other fishes, we tested 14 different treatments to captively 

breed Moapa Dace (Table 1).  The fish were given at least two weeks to spawn after each 
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treatment was initiated, with the exception of hormone injections, after which fish were 

monitored for three days.  Throughout tests, artificial streams were visually checked daily for 

spawning behavior, eggs, and larvae.  After treatments ended, we vacuumed the substrate to see 

if any young were hiding in crevices.  The following treatments were conducted from March, 

2013, through August, 2014:  

Static treatment.--The water temperature and hydrograph for the Warm Springs area did 

not fluctuate substantially during our field study (chapter 1) and Moapa Dace larvae are found 

year-round; as a consequence, we believed they would spawn in captivity by providing a depth 

between 30 and 40 cm, a range of velocities including 0.11 to 0.17 m/s, some cover, and some 

gravel to incubate and protect eggs.  Each artificial stream was provided with a 3.1-mm to 6.3-

mm gravel and pebble substrate (Pure Water Pebbles Nutty Pebbles, World Wide Imports, Fort 

Lauderdale, Florida) two boulders, two 61-cm artificial Elodea plants (Tetra Water Wonders 

Anacharis Aquarium Plant, United Pet Group, Blacksburg, Virginia) and two 30-cm artificial 

Eleocharis plants (12-in Aqua Gardens Hairgrass, Imagine Gold LLC, South Hackensack, New 

Jersey).  This test was performed on 12 fish, five in one artificial stream and seven in another, 

from April 1, 2013 to April 19, 2013. 

Additional Macrophyte Cover 1. --We doubled the macrophyte cover by adding two more 

61-cm Tetra Water Wonders Elodea plants, each anchored to an 18-cm (7-in) terra cotta pot, and 

two more 30-cm Aqua Gardens Eleocharis plants.  This test was performed on 11 fish, five in 

one artificial stream and six in another, from April 20, 2013 to May 10, 2013.   

Additional Macrophyte Cover 2.--We increased macrophyte cover still more by adding 

two 45-cm (18-in) artificial Ambulia plants (Marineland Ambulia, United Pet Group, 
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Blacksburg, Virginia), each anchored to a 10-cm (4-in) terra cotta pot, two 30-cm (12-in) 

artificial Marineland Ambulia plants, one 23-cm (9-in) artificial Marineland Cabomba plant, and 

one 15-cm (6-in) artificial Marineland Cabomba plant.  This test was performed on 11 fish, five 

in one artificial stream and six in another, from May 11, 2013 to May 31, 2013. 

Addition of Overhead Cover.--We installed a 3.7-m by 4.9-m tarp (ACE 12’ x 16’ 

Blue/Brown Polyethylene Tarp, ACE Hardware Corporation, Oak Brook, Illinois) approximately 

1.5 m above the water surface of each artificial stream, to simulate overhead cover provided by 

trees.  This test was performed on 11 fish, five in one artificial stream and six in another, from 

June 1, 2013 to June 15, 2013. 

Addition of Cobble Substrate.--We added three approximately 400 cm2 oval-shaped 

patches of cobble (Extra Large River Rock, Natural Stone Manufacturing, Phoenix, Arizona) to 

provide larger substrate.  This test was performed on 11 fish, five in one artificial stream and six 

in another, from June 16, 2013 to July 5, 2013.   

Addition of Sand Substrate.--Silica sand (Commercial Grade Medium, The Quikrete 

Companies, Atlanta, Georgia) was placed in two shoebox-size plastic storage bins and one 

smaller square plastic container (18x18 cm) cut to 3 cm high.  The two shoebox size bins were 

placed on the bottom of the artificial stream and the small container was placed on top of a 

boulder, as a shallow shelf.  This test was performed on 11 fish, five in one artificial stream and 

six in another, from July 6, 2013 to July 26, 2013. 

Manipulation of Photoperiod.--After these simple additions to the environment failed to 

trigger spawning, we attempted more advanced manipulations.  We built a 2x17-m enclosure 

around the two artificial streams with 1.9-cm thick (3/4-in) polystyrene insulation (R-TECH, 
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Insulfoam, Puyallup, Washington).  We installed one 1.2-m (4-ft) two-light fluorescent bulb 

fixture (Lithonia Shoplight, Lithonia Lighting, Conyers, Georgia) approximately one meter 

above each artificial stream.  The lights were plugged into a timer (TN311, Intermatic 

Incorporated, Spring Grove, Illinois) to control photoperiod.  To simulate the transition from 

summer through the following spring, we applied the following photoperiod regime, each 

photoperiod was applied for 2 weeks: 14 h light : 10 h dark; 12 h light : 12 h dark; 10 h light : 14 

h dark; 12 h light : 12 h dark; 14 h light : 10 h dark.  This regime incorporates a similar 

maximum and minimum day length experienced in Moapa, Nevada (National Oceanic and 

Atmospheric Administration 2014) and was successfully used to stimulate spawning in another 

Mojave Desert cyprinid (Archdeacon and Bonar 2009).  This test was performed on 11 fish, five 

in one artificial stream and six in another, from July 27, 2013 to September 16, 2013. 

Rain simulation.--We sprayed approximately 40 L of 26°C reverse osmosis filtered soft 

water over the surface of each artificial stream to simulate rainfall.  This dropped the water 

temperature from 30°C to 29°C in each.  Heaters remained set at 30°C so the water temperature 

returned after a couple hours.  This was performed twice, over two days.  We waited another 

week and then performed larger rain simulations, in the same manner (twice over two days) as 

the smaller simulations, using approximately 80 L of filtered water (25°C).  Immediately prior to 

adding the filtered water, we also drained the biofilters into the system to create slight turbidity.  

This larger rain event lowered the water temperature from 30°C to 28°C on the first day, and 

following the rain event, we set heaters to maintain this 28°C water temperature.  On the second 

day, the rain event lowered the temperature from 28°C to 26°C and following this, we set heaters 

to maintain water temperature at 26°C.  We kept the temperature at 26°C overnight and then 

raised it one degree each day over the next four consecutive days to reach the initial 30°C 
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temperature.  This test was performed on 11 fish, five in one artificial stream and six in another, 

from September 17, 2013 to October 6, 2013. 

Addition of Silt substrate.--Silt was filled to 3 cm high in the bottom of a square 18x18-

cm 2-L plastic container and one container was placed in each artificial stream.  Sediment was 

obtained from a dry portion of Black Draw, Arizona and sifted through a 425-μm sieve.  

Sediment was sterilized prior to use by heating it in a drying oven to 200˚C for 24 h.  This test 

was performed on 11 fish, five in one artificial stream and six in another, from October 7, 2013 

to October 25, 2013. 

Photoperiod and Temperature Manipulation Combined.--We performed another 

photoperiod adjustment but this time it was at the same time as a temperature change.  

Photoperiod was first dropped from 14 h light : 10 h dark to 10 h light : 14 h dark.  Water 

temperature began at 30°C.  By adjusting the heaters, we lowered the water temperature 1°C 

every three days until it reached 26°C and then we increased the water temperature 1°C every 

two days until it reached 30°C again.  The day after water temperature reached 30°C, we 

adjusted the photoperiod back to 14 h light : 10 h dark.  This test was performed on 11 fish, five 

in one artificial stream and six in another, from October 26, 2013 to December 7, 2013. 

Temperature, Water Chemistry, Photoperiod, Light Intensity, and Food Manipulation 

Combined.--Fish were removed from Tucson well water at 28°C and placed in another artificial 

stream with 30°C Muddy River water, blended with approximately 25% reverse osmosis filtered 

well water.  Fish were transferred in an 18.95-L (5-gal) bucket filled halfway with water from the 

originating system and then slowly acclimated to new water conditions over 1.5 h.  Acclimation 

was carried out by siphoning the blended water, from the new artificial stream, into the bucket 
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until it was full, immediately drained halfway, and filled once more.  Water was siphoned 

through an approximately 1.5-m long 4.76-mm (3/16-in) inside diameter airline hose.  The room 

the fish originated from had a 10 h light: 14 h dark photoperiod and the new room was at 14 h 

light : 10 h dark.  An extra set of fluorescent lights were placed over the breeding tank to 

increase light intensity.  Live food (Grindal worms Enchytraeus buchholzi and daphnia Daphnia 

magna) were fed to fish daily for one week prior to treatment through one week into treatment.  

This test was performed on 30 fish, 10 from the initial capture in one artificial stream and 20 new 

fish in another, from March 5, 2014 to March 21, 2014. 

 Hormone Bath.--We chose to treat the 10 fish captured in 2013 with a hormone bath 

treatment because they were larger and several looked gravid.  Ova RH (synthetic analogue of 

salmonid GnRH, Syndel Laboratories, Nanaimo, British Columbia) was placed in a bucket with 

15 L of water at a concentration of 16 µg of Ova RH per kg of water.  The 10 fish were placed in 

the aerated bath for 3 h and then treated as above with the change in water chemistry and 

increase in temperature, day length and light intensity.  All fish were placed in one artificial 

stream and treatment took place from April 25, 2014 to May 9, 2014. 

Water Velocity.--Temperature, water chemistry, photoperiod, light intensity, and food 

manipulation were performed once again as above, but in this treatment, we increased water 

velocity in a section of artificial stream.  This was achieved by placing a submersible Model 5 

Pondmaster magnetic drive utility pump on the artificial stream bottom, midway down the length 

of the tank, with flow directed parallel to the substrate.  This test was performed on 14 fish, all in 

one artificial stream, from May 1, 2014 to August 30, 2014. 

SE ROA 47323

JA_14376



51 
 

Hormone Injection.--Seven days after the hormone bath was applied, we injected four of 

the ten fish that received the hormone bath treatment, with carp pituitary extract.  The injections 

were supervised by personnel from Southwestern Native Aquatic Resources and Recovery 

Center (Dexter, New Mexico) experienced in providing injections to desert cyprinids.  Ten mg 

carp pituitary (Pituitary Acetone Powder from Carp, Sigma-Aldrich, Saint Louis, Missouri) were 

mixed with 10 mL sterile saline solution and allowed to dissolve for 30 minutes.  Prior to 

injection, the abdomen of each fish was gently depressed to determine sex if they were ripe 

enough to express gametes.  No gametes were expressed by depressing the abdomen; therefore, a 

best guess was made at pairing two males with two females.  Fish presumed to be females had 

larger abdomens and were a lighter golden brown overall (Figure 4 a).  Fish presumed to be 

males had flatter abdomens and darker brown coloration with dark barring patterns dorsally 

(Figure 4 b).  We performed the intraperitoneal injections with 0.1 mL of extract just behind the 

left pelvic fin of each fish.  These fish ranged from 76 to 119 mm TL.  The four fish were all 

placed in one artificial stream that contained similar conditions to those in the one from which 

they originated.  Based on past experience, fish typically show spawning behavior within 24 h of 

injection (M. E. Ulibarri, USFWS Southwestern Native Aquatic Resources and Recovery Center, 

personal communication).  After three days, we attempted to express gametes from them by 

gently depressing on their abdomens.  Stress from this handling and disruption of their slime coat 

leaves the fish susceptible to bacterial infection (M. E. Ulibarri, USFWS Southwestern Native 

Aquatic Resources and Recovery Center, personal communication); consequently, fish were 

treated with oxytetracycline at a concentration of 10 ppm for seven hours, same as during 

quarantine.  This test was performed on four fish, all in one artificial stream, from May 2, 2014 

to May 5, 2013. 
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Results 

Fish Collection and Transport 

The use of minnow traps to collect Moapa Dace was less labor intensive, quicker, and 

enabled the capture of larger fish than snorkeling with aquarium nets.  There were no mortalities 

during capture or transport using either method.   

Rearing 

Acclimation and Prophylactic Treatment.--No mortalities occurred during initial 

prophylactic treatments.  Fish that were captured with minnow traps and initially stocked into 

acrylic aquaria with Tucson municipal water experienced high mortality after the first week in 

quarantine.  Twenty eight fish out of 40 died during the 1.5 months in quarantine aquaria.  When 

placed in aquaria, the fish were not calm.  Their behavior alternated between continuous escape 

attempts through the clear viewing wall and periods of time staying close to the bottom.  None of 

the therapeutic treatments seemed to slow the mortality rate of one or two fish per day.  When 

placed in artificial streams, the fish were calmer and did not appear to be continuously trying to 

find a way out, and mortality rates dropped to nearly zero.  Fish captured with aquarium nets and 

stocked immediately into artificial streams with Muddy River water experienced 0% mortality 

during quarantine.   

Feeding, General Care, Water Quality.--Except during the disease outbreak in the initial 

group of fish, fish fed aggressively in both systems.  Moapa Dace did not eat floating flake food 

but began feeding on small sinking pellets at the first attempt to feed them after 24 h in captivity.  

Fish nibbled at lettuce when it was available.  They did not feed well at temperatures below 

27°C.  Water quality did not differ substantially between aquaria and artificial streams; pH was 
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typically 7.8 and ranged from 7.5 to 8.3, ammonia spiked to 1 ppm soon after stocking the fish 

but never went above 0 ppm after biofilters acclimated to the load of fish, nitrite spiked to 3 ppm 

initially but also remained at 0 ppm after acclimating.  Nitrate (0-40 ppm), alkalinity (80-120 

ppm), and hardness (75-200 ppm) were within normal ranges.   

Investigation of Different Treatments to Trigger Spawning 

 Thirteen of the fourteen treatments utilized to trigger Moapa Dace to produce young in 

captivity were unsuccessful.  During the static treatment, fish behavior was similar to that in 

slow water velocity sections in the wild; they swam slowly in random patterns, probably 

searching for food.  This searching behavior was alternated by time spent hiding in terra cotta 

pots and under boulders.  Placing additional plants in artificial streams did not appear to affect 

their behavior.  Providing additional overhead cover decreased the amount of time fish spent 

hiding during the day.  Manipulation of substrate did not affect their behavior aside from 

occasional forays into the silt container that agitated the fish when they encountered the 

container’s sides.  Adjusting the photoperiod by itself did not have a noticeable effect on 

behavior.  Rain simulations caused an immediate increase in activity with fish schooling up and 

swimming around the artificial streams rapidly, followed by a decrease in activity a few hours 

later.  In addition, when the temperature of the artificial streams fell below 27°C, following the 

addition of cool water, fish did not feed well.  Photoperiod and temperature manipulation 

together resulted in behaviors similar to that when they were manipulated independently.  Fish 

did not feed well below 27°C once again.  However, unlike the rain event, here temperature was 

changed gradually and the water surface was not disturbed because heaters were used to adjust 

the temperature.  This minimal amount of disturbance was associated with no sudden burst of 

fish activity, unlike what was observed during rain simulations.  The combination of 
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temperature, water chemistry, photoperiod, light intensity, and food manipulation did not appear 

to alter fish behavior.  Increased water velocity resulted in fish occasionally swimming to 

maintain a stationary position mid-channel in the faster flowing water, similar to their drift 

feeding behavior in the wild.  Both the hormone bath and injection seemed to have a similar 

effect on the fish.  They became substantially more aggressive toward one another and a few 

displayed apparent courtship behavior (i.e., two fish would continuously swim intently side by 

side for a period of time).  After gently depressing on their abdomens, we was unable to express 

any gametes from fish that only received a hormone bath but the two injected fish, that we 

believed to be females, both released a clear gelatinous fluid and one released an egg (Figure 5). 

Moapa Dace finally spawned during the velocity treatment, three months after it was 

initiated.  This treatment occurred in an artificial stream that incorporated boulder, cobble, 

gravel, and sand substrates, along with artificial plants around the periphery.  The treatment was 

initiated by temperature, water chemistry, photoperiod, light intensity, and velocity 

manipulation.  A submersible pump was placed on the bottom to direct subsurface flow parallel 

to gravel and cobble.  Fourteen broodstock from the second capture period were utilized.  

Furthermore, this treatment incorporated minimal disturbance (fish were not moved or handled 

and no new treatments were applied) for over three months.  Approximately 200 fry were 

produced between August 1 and August 30, 2014.   

Discussion 

Acclimating wild fish to captivity is stressful to them.  There exists a phenomenon, not 

well understood, known as delayed mortality syndrome (Noga 2010).  Delayed mortality 

syndrome can occur anywhere from two days to a month after moving fish (Noga 2010).  

SE ROA 47327

JA_14380



55 
 

Stressors such as trauma from capture, removal of slime from handling, overcrowding, poor 

water quality, acclimation to new water chemistry, and exposure to a new environment all 

contribute to compromising the immune system and may result in death (Noga 2010).   

Delayed mortality syndrome experienced by fish from the first group was likely due to 

several factors.  Each fish from the first lot was handled to check for PIT tags and obtain length 

measurements.  In addition, these fish were first placed in quarantine aquaria, not the larger 

artificial streams, for quarantine.  When placed in aquaria, the fish were stressed by continuously 

trying to escape.  Therapeutic treatments were not isolated from biofilters, which may have 

negatively affected the nitrifying bacteria, resulting in the need for large daily water changes to 

maintain proper water quality.  Although there was a spike of ammonia and nitrite when fish 

were stocked into both aquaria and artificial streams, the reduction of other stressors in the 

artificial streams likely enabled the fish to handle this stressor, while it may have contributed to 

mortality of fish in aquaria.  With minimal cover in the aquaria, our presence likely added stress 

to those fish as well. 

The group of fish captured in January, 2014 experienced better survival, probably 

because they were handled much less; were placed immediately into artificial streams with a 

more realistic environment; and were acclimated to captivity in Muddy River water.  All of these 

helped to reduce stress, and the aggressive prophylactic treatments prevented infections.  Moapa 

Dace did not appear very sensitive to formalin, malachite green, oxytetracycline, or praziquantel 

so these treatments are effective to eliminate parasites with a minimum of stress.   

Moapa Dace have small, subterminal mouths so they appear to feed lower in the water 

column necessitating the use of the small sinking pellets.  Scoppettone et al. (1992) found that 
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Moapa Dace are omnivores and they follow a similar feeding pattern in captivity.  Their feeding 

preferences seemed to change periodically so a varied diet is recommended.  Furthermore, 

maintaining water temperatures at 28°C seemed to result in calm behavior and uninterrupted 

feeding. 

Both common and imperiled fishes have been propagated in captivity, but the difficulty 

of successful propagation varies widely.  To spawn, fish need to sense a specific combination of 

environmental cues (e.g., change in photoperiod, change in temperature, change in water 

velocity, change in water chemistry, or presence of certain resources) that cause a cascade of 

physiological events (i.e., the hypothalamus is stimulated to produce releasing hormones that 

trigger the pituitary gland to release gonadotrophic hormones, resulting in gonads producing sex 

steroids that cause gametes to develop) (De Silva et al. 2008).  Some species have spawned in 

aquaria with little more than providing water, and an appropriate temperature (Kaya 1991; 

Mattingly et al. 2003; Schultz and Bonar 2007; Bonar et al. 2011).  Others require more 

environmental enrichment such as gravel, plants, and pottery along with a properly sequenced 

manipulation of photoperiod and temperature (Archdeacon and Bonar 2009; Kline and Bonar 

2009).  Many successful attempts to culture stream dwelling fishes have taken place in artificial 

streams (Buynak and Mohr 1981; Rakes et al. 1999; Bryan et al. 2005).  Depending on their 

spawning mode, certain species require very specific substrate (e.g., plants, mound nests built by 

another species, crevices, or caves) to spawn (Buynak and Mohr 1981; Rakes et al. 1999; Bryan 

et al. 2005).   

Moapa Dace only spawned successfully during 1 of 14 efforts despite trying numerous 

techniques that worked in other projects listed above and further methods based on observations 

of Moapa Dace spawning behavior in the wild (Chapter 1).  They only spawned and produced 
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fry in the treatment incorporating an artificial stream with an additional submersible pump 

directing flow along the gravel and cobble substrate, a large number of broodfish from the 

second capture, and a variety of substrate and artificial aquatic plants.  Larval production did not 

occur until three months after the initiation of the velocity treatment.  The fact that they took so 

long to spawn leads us to believe that Moapa Dace may need a substantial amount of time to 

acclimate and require minimal human disturbance.  Many attempts to breed other imperiled 

fishes (e.g., Devils Hole Pupfish Cyprinodon diabolis and Yaqui Catfish Ictalurus pricei) of the 

arid Southwest were also exceedingly difficult, and often unsuccessful and unpredictable 

(Deacon et al. 1995; M. E. Ulibarri, USFWS Southwestern Native Aquatic Resources and 

Recovery Center, personal communication).  Other small cyprinids have also been notoriously 

difficult to breed in an artificial setting as well (Buynak and Mohr 1981).  Moapa Dace seem to 

fit into that category of difficulty because they only spawned successfully after a considerable 

number of tests.   

Precisely replicating environmental triggers found in wild populations is important for 

successful propagation.  Missing environmental stimuli or stressors from captivity result in two 

common difficulties in propagation studies: females fail to undergo final oocyte maturation, or 

ovulation occurs but eggs are not released (De Silva 2008).  Precise replication of conditions, 

including use of artificial streams finally resulted in the production of young.  Use of hormone 

injections may help to bypass issues like missing stimuli or stressors (De Silva 2008; M. E. 

Ulibarri, USFWS Southwestern Native Aquatic Resources and Recovery Center, personal 

communication).  Further testing of hormone injections may also be merited in future studies.  

The conservative dose of carp pituitary gland, we delivered, did not produce a successful spawn 

but it did trigger courtship behavior and the release of an egg with gentle pressure on the 
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abdomen of a fish three days after injection.  Hormone injections have triggered fish to spawn in 

captivity with great success, even when fish are extremely difficult to propagate otherwise (Ball 

and Bacon 1954; Hamman 1981; Hamman 1982a, 1982b; Stoeckel 1993; Arabaci 2001; De Silva 

2008).  A dose of carp pituitary gland extract up to two or three times greater may be needed to 

successfully spawn Moapa Dace (A. V. Gonzalez, Universidad Autonoma de Nuevo Leon, 

personal communication).  To increase the chances of success, a larger group of fish should be 

used because there are typically some fish that do not respond to the treatment (Hamman 1981; 

Hamman 1982a, 1982b). 

Since successful spawning was documented in only one treatment at the end of the 

project, further tests are necessary to fine tune the understanding of what triggered the fish to 

spawn.  Initial information suggests that to successfully rear and captively propagate Moapa 

Dace, biologists should take great care with acclimation and provide as similar conditions (e.g., 

flow, artificial stream, variety of substrate, water temperatures, and cover) as possible to those 

experienced by fish in the wild.  Sufficient brood stock should be available to use in spawning 

attempts.  Small numbers of brood fish limit chances of success.   

Conclusion 

We was able to successfully transport and rear Moapa Dace using 45-L coolers stocked 

with 10 or fewer fish and water conditioners for transportation; conducting slow acclimation 

with immediate prophylaxis; holding fish at 28°C to 30°C; feeding adults a combination of live 

and frozen invertebrates and commercially available pelleted foods; and holding them in an 

artificial stream environment.  Moapa Dace were difficult to propagate, and young were 

produced during only 1 of 14 treatments.  The successful treatment occurred in an artificial 
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stream and incorporated 14 broodstock from the second capture period, an additional 

submersible pump to direct an increased velocity along the gravel and cobble substrate, a variety 

of substrate sizes and artificial plants, and minimal human disturbance for a three month period.  

Initial information suggests that to successfully rear and captively propagate Moapa Dace, 

biologists should take great care with acclimating Moapa Dace, and provide as similar conditions 

(e.g., flow, artificial stream, variety of substrate, water temperatures, and cover) as possible to 

those experienced by fish in the wild.  Sufficient brood stock should be available to use in 

spawning attempts.  Small numbers of brood fish may limit chances of success.   
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Table 2.1.  Treatments to trigger Moapa Dace to spawn including: dates conducted, number of 

fish per artificial stream, total number of fish treatments were performed on, and sources of 

water used during each treatment.   

Treatment 
Date 

Applied 

Number 
of fish per 
Artificial 

stream 

Total 
Number 
of Fish 

Water Source 

Static treatment 
4/1/13-
4/19/13 

7, 5 12 Tucson well water 

Additional Macrophyte 
Cover 1 

4/20/13-
5/10/13 

6, 5 11 Tucson well water 

Additional Macrophyte 
Cover 2 

5/11/13-
5/31/13 

6, 5 11 Tucson well water 

Addition of Overhead Cover 
6/1/13-
6/15/13 

6, 5 11 Tucson well water 

Addition of Cobble 
Substrate 

6/16/13-
7/5/13 

6, 5 11 Tucson well water 

Addition of Sand Substrate 
7/6/13-
7/26/13 

6, 5 11 Tucson well water 

Manipulation of Photoperiod 
7/27/13-
9/16/13 

6, 5 11 Tucson well water 

Rain simulation 
9/17/13-
10/6/13 

6, 5 11 
Tucson well water 
and filtered well 

water 

Addition of Silt substrate 
10/7/13-
10/25/13 

6, 5 11 Tucson well water 

Photoperiod and 
Temperature Manipulation 

Combined 

10/26/13
-12/7/13 

6, 5 11 Tucson well water 
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Temperature, Water 
Chemistry, Photoperiod, 
Light Intensity, and Food 
Manipulation Combined 

3/5/14-
3/21/14 

20, 10 30 
Muddy River and 

filtered Tucson well 
water 

Hormone (Ova RH) Bath 
4/25/14-
5/9/14 

10 10 
Muddy River and 

filtered Tucson well 
water 

Water Velocity 
5/1/14-
8/30/14 

14 14 
Muddy River and 

filtered Tucson well 
water 

Hormone (Carp Pituitary 
Extract) Injection 

5/2/14-
5/5/14 

4 4 
Muddy River and 

filtered Tucson well 
water 
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Figure 2.1.  Map of the Warm Springs area in southeastern Nevada, where Moapa Dace occur in 

the wild. 
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Figure 2.2.  Diagram of aquarium system used, unsuccessfully, to quarantine Moapa Dace.  A 

240-L acrylic aquarium (top) was used to hold the fish.  Pottery and plastic plants were provided 

as cover.  A 60-L glass aquarium (bottom right) was used as a sump.  The sump provided 

biological filtration and a submersible pump placed in the sump was used to circulate water 

through the ultraviolet sterilizer and back into the holding aquarium.  Water overflowed into 

piping on right back into the sump.  Plumbing signified by solid black lines was flexible vinyl 

tubing; open pipe was made of rigid polyvinyl chloride.  Arrows show direction of water flow. 
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Figure 2.3.  Diagram of system used to rear and propagate Moapa Dace.  Fish were located in an 

800-L fiberglass artificial stream (left).  Silt and sand (not depicted) gravel, cobble, boulders, 

pottery, and plastic plants, were provided as substrate and cover.  A 1,200-L cylindrical 

fiberglass tank was provided as a sump (right).  For biological filtration, two 18.95-L plastic 

buckets were suspended above the water level in the sump.  Submersible pumps forced water 

into the buckets and then it trickled through filter pads and bio-balls back into the sump.  

Another submersible pump in the sump circulated water through an ultraviolet sterilizer and back 

into the artificial stream.  For the water velocity treatment, which ultimately led to successful 

spawning of Moapa Dace, a submersible pump was placed on the bottom of the artificial stream 

directing flow along the substrate.  At the left end of the artificial stream, water would enter the 

pipes and overflow.  Then the force of gravity would cause it to upwell through the bottom of the 

sump.  Plumbing signified by solid black lines was flexible vinyl tubing; open pipe was made of 

rigid polyvinyl chloride.  Arrows show direction of water flow.  
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Figure 2.4.  Fish presumed to be females had larger abdomens and were a lighter golden brown 

overall (a).  Fish presumed to be males had flatter abdomens and darker brown coloration with 

dark barring patterns dorsally (b). 
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Figure 2.5.  Egg expressed from female Moapa Dace after hormone injection. 
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A Stochastic Population Model to Evaluate Moapa Dace 
(Moapa coriacea) Population Growth Under Alternative 
Management Scenarios 

By Russell W. Perry, Edward C. Jones, and G. Gary Scoppettone 

Abstract 
The primary goal of this research project was to evaluate the response of Moapa dace (Moapa 

coriacea) to the potential effects of changes in the amount of available habitat due to human influences 
such as ground water pumping, barriers to movement, and extirpation of Moapa dace from the mainstem 
Muddy River. To understand how these factors affect Moapa dace populations and to provide a tool to 
guide recovery actions, we developed a stochastic model to simulate Moapa dace population dynamics. 
Specifically, we developed an individual based model (IBM) to incorporate the critical components that 
drive Moapa dace population dynamics. Our model is composed of several interlinked submodels that 
describe changes in Moapa dace habitat as translated into carrying capacity, the influence of carrying 
capacity on demographic rates of dace, and the consequent effect on equilibrium population sizes. The 
model is spatially explicit and represents the stream network as eight discrete stream segments. The 
model operates at a monthly time step to incorporate seasonally varying reproduction. Growth rates of 
individuals vary among stream segments, with growth rates increasing along a headwater to mainstem 
gradient. Movement and survival of individuals are driven by density-dependent relationships that are 
influenced by the carrying capacity of each stream segment. 

First, we calibrated the model to a historical time series of Moapa dace abundance estimates. 
The goal of the calibration was to estimate unknown parameters such as larval survival, carrying 
capacity of the tributary streams harboring the population of Moapa dace upstream of the gabion barrier, 
and carrying capacity of the mainstem Muddy River and tributaries. Based on historical abundance 
estimates, we found that the carrying capacity of the mainstem Muddy River was nearly twice the 
capacity of the tributary streams where Moapa dace have resided for the past 20 years. 

Given the calibrated model, we then conducted simulations to assess (1) the effect of altering 
migration barriers that restrict upstream and downstream movement of dace, and (2) the effect of 
changes in carrying capacity on equilibrium population sizes. We found that barriers to upstream 
movement led to extinction of subpopulations upstream of the barriers when initial population sizes 
were small. The probability of one or more subpopulations going extinct over a 50-year time horizon 
was >0.80 at initial population sizes of 10 non-larval and 70 larval dace, and was >0.40 at initial 
population sizes of 50 non-larval and 350 larval dace. The probability of a subpopulation going extinct 
decreased to zero when the initial population size exceeded 100 non-larval dace. Removal of upstream 
migration barriers eliminated extinctions of subpopulations, even at low initial population sizes. 
Compensatory mechanisms such as density-dependent survival and movement acted to buffer against 
local extinctions because stream segments could be quickly repopulated by dispersal when fish could 
access all stream segments. 
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Providing access to the mainstem Muddy River through removal of a gabion barrier that 
restricted upstream and downstream movement increased total population size from about 875 to 3,000 
individuals. Additionally, because of higher growth rates of individuals in the mainstem Muddy River, 
the size structure of the population shifted towards larger individuals with higher fecundity, thereby 
increasing reproductive capacity of the population. 

Increasing or decreasing the total carrying capacity of all stream segments resulted in changes in 
equilibrium population size that were directly proportional to the change in capacity. However, changes 
in carrying capacity to some stream segments but not others could result in disproportionate changes in 
equilibrium population sizes by altering density-dependent movement and survival in the stream 
network. These simulations show how our IBM can provide a useful management tool for 
understanding the effect of restoration actions or reintroductions on carrying capacity, and, in turn, how 
these changes affect Moapa dace abundance. Such tools are critical for devising management strategies 
to achieve recovery goals. 

Introduction 
The Moapa dace (Moapa coriacea) is a thermophilic minnow native to the Muddy River system 

near Las Vegas, in southern Nevada. The range of Moapa dace is constrained to areas with water 
temperatures between 26.0 and 32.0 °C, which restrict them to the upper 2 km of the Muddy River and 
several small tributaries fed by warm springs. The general area where they occur is known as the Warm 
Springs Area. The Moapa dace was recognized as endangered in 1967 (Udall, 1967) and federally listed 
as such in 1973 due to its restricted range and population decline from historical levels (U.S. 
Department of the Interior, 1973). In 1995, exotic blue tilapia (Oreochromis aureus) invaded Warm 
Springs, and Moapa dace abundance declined shortly thereafter. Installation of a gabion barrier on the 
lower Plummer Stream (referred to as “Refuge Stream” in the associated Recovery Plan; U.S. Fish and 
Wildlife Service, 1996.) allowed blue tilapia to be eradicated upstream of this barrier. In 2014, these 
headwater streams harbored the remaining population of Moapa dace. Before introduction of blue 
tilapia, the Moapa dace population ranged from 3,000 to 5,000 fish, but since their habitat has been 
restricted to headwater streams upstream of the gabion barrier, their observed population has ranged 
from 439 to 1,727 individuals based on biannual snorkel counts through August 2013. Life history, 
abundance, and distribution information on Moapa dace are available in Scoppettone and others (1992) 
and Scoppettone (1993).  

As a result of geothermal heating, water enters the Warm Springs pools at about 32 °C and cools 
as it flows downstream. Although water temperatures and flow rates in the Warm Springs Area show 
little seasonal variation, these stable environmental conditions may change because of human 
influences. Water removals from the Muddy River aquifer have been shown to reduce the volume of 
water entering the spring system, which will reduce the volume of water flowing into the headwater 
streams (Mayer and Congdon, 2008). Reduced spring flow has been shown to reduce the amount of 
suitable habitat available for the Moapa dace (Hatten and others, 2013). However, the effect of reduced 
spring flow on the thermal environment and the consequent effect on habitat suitability for Moapa dace 
is less certain. Changes in the amount of habitat available for Moapa dace owing to factors such as blue 
tilapia invasion or reduced spring flows will alter the carrying capacity of the environment to support 
Moapa dace. Declines in carrying capacity, in turn, may hamper efforts to restore or even maintain 
Moapa dace populations. Understanding how changes in carrying capacity influence population 
dynamics of Moapa dace is critical for devising strategies to meet recovery goals. 
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The primary goal of our project is to evaluate the response of the Moapa dace population to the 
potential effects of human influences such as ground water pumping, movement barriers, and 
reintroduction of Moapa dace to the mainstem Muddy River. To understand how these factors affect 
Moapa dace populations and to provide a tool to guide recovery actions, we developed a stochastic 
model to simulate Moapa dace population dynamics. Specifically, we developed an individual based 
model (IBM) to incorporate the critical components that drive Moapa dace population dynamics. Our 
model is composed of several interlinked submodels that describe changes in Moapa dace habitat as 
translated into carrying capacity, the influence of carrying capacity on demographic rates of dace, and 
the consequent effect on equilibrium population sizes. 

Numerous important physiological, ecological, and behavioral characteristics of Moapa dace 
suggest that size structure is a critical component to include in a population dynamics model for dace. 
First, fecundity of Moapa dace increases with size, and thus larger individuals will contribute more 
recruits to the population than small individuals (Scoppettone and others, 1992). With size-dependent 
fecundity, the size structure of the population can be an important determinant of population growth 
rate. Prior to invasion of blue tilapia, Moapa dace up to 120 mm fork length (FL) commonly were 
observed in the mainstem Moapa River, but a FL of just 70 mm is near the upper end of the size 
distribution since their restriction to smaller headwater streams (Hereford, 2014b). Absence of highly 
fecund, large individuals, therefore, may affect how quickly the population recovers from population 
declines. Second, survival likely differs among life stages, particularly for larval (<25 mm FL) and non-
larval dace (≥25 mm FL). For example, Scoppettone and Burge (1994) estimated survival of 32 percent 
during the first year of life (larvae to 45 mm FL), but observed 60 percent survival over the second year 
(45–55 mm FL). Therefore, an individual’s growth rate will affect how long it remains within a given 
life stage, in turn influencing cumulative survival. These findings suggest that a population model for 
Moapa dace should include size-dependent growth, fecundity, and survival. 

Size of Moapa dace also is correlated with temperature and the size of habitat units (depth, water 
velocity, and discharge), which may influence growth rates. Scoppettone and others (1992) observed 
that fish size increased with the range of water depth and volume used by Moapa dace. Size of Moapa 
dace generally appears to increase along a headwater-to-mainstem gradient. Moving along this gradient, 
water temperature decreases while water volume increases. It is unclear whether size of Moapa dace is 
organized along this gradient because of ontogenetic shifts in thermal preferenda or because of better 
ability to maintain feeding stations in higher velocity environments. We hypothesize that both 
mechanisms likely co-evolved to the tight linkage between water temperature and water volume in this 
system. For example, a hypothesis explaining the absence of large individuals in the restricted 
headwater population is that metabolic requirements at high temperatures reduce growth rates of larger 
individuals, thereby reducing their maximum attainable size (G. Scoppettone, U.S. Geological Survey, 
oral commun., 2010). These observations suggest that Moapa dace may require a diversity of channel 
size and water temperature for full expression of all possible size classes, which, in turn, may influence 
population growth rates owing to size-dependent fecundity. To incorporate these dynamics in our 
population model, we allow growth rates to vary among different stream segments that are represented 
in the model. 

Movement behavior of Moapa dace, connectivity of the channel network in the Warm Springs 
Area, and current (2014) absence of dace from the mainstem Muddy River also are important features to 
include in the population dynamics model. Historically, the dace population appeared to move 
extensively throughout the channel network of headwater springs and Muddy River. For example, 
population counts varied little between 1986 and 1988, but the spatial distribution of the population 
varied considerably among years (Scoppettone and others, 1992). During these surveys, over one-half of 
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the population was observed in the mainstem Muddy River in one year, whereas only 16 percent were 
found in the mainstem in another year, with the balance of the population present each year in the 
headwater streams. Spawning is hypothesized to occur only in the higher water temperatures of 
headwater springs compared to the mainstem (Scoppettone and others, 1992), yet larger, more fecund 
individuals occupied mainstem channels. These findings indicate that high rates of movement 
throughout the channel network of the Muddy River system likely are an adaptive strategy that allows 
dace to capitalize on spatial variation in the environment (water temperature, volume, and velocity) in 
order to persist under such conditions. Thus, connectivity among channels and use of the mainstem 
Muddy River may be requisite for the long-term persistence of Moapa dace.  

In the past, the channel network of the Warm Springs Area has been highly fragmented, with 
numerous barriers to upstream and downstream movement. Furthermore, Moapa dace have been 
extirpated from the mainstem Muddy River since the introduction of blue tilapia (Scoppettone and 
others, 2005). In 2012, however, movement barriers in headwater stream segments have been removed, 
and, since the occurrence of a large flood event in September 2014, some passage is allowed through the 
gabion barrier. When evaluating the population response of Moapa dace, we constructed a model that 
accounts for the spatial structure of the entire channel network that once was inhabited by the Moapa 
dace. This approach views the whole population (meta-population) as a collection of subpopulations 
with movement rates among subpopulations dictated by the spatial structure of the channel network. 

Factors affecting the amount of available habitat or the ability of Moapa dace to move among 
habitats ultimately will influence the carrying capacity of the Warm Springs Area to support Moapa 
dace. These factors include changes in stream discharge, presence of invasive species, movement 
barriers, and extirpation from the mainstem Muddy River. Population trajectories over the past 30 years 
provide evidence that Moapa dace populations may have been constrained by carrying capacity and 
have responded to increases in carrying capacity. For example, snorkel surveys indicate that the 
population size in the area upstream of the gabion barrier remained relatively constant for more than 20 
years (1985–2008), ranging from about 800 to 1,200 individuals. This long period of relative stability 
suggests that the population may have been at or near the capacity of the available habitat upstream of 
the gabion barrier. Although the population declined to only 439 observed individuals in 2008 for 
unknown reasons, the population has since rebounded to 1,727 fish as of August 2013. This increase is 
presumably owing to habitat restoration of the Pedersen and Apcar streams that likely increased 
carrying capacity upstream of the gabion barrier. 

Density dependent processes, such as intraspecific competition, are weak controls on population 
growth rate when abundance is much less than carrying capacity, but act to decrease population growth 
rate as carrying capacity is approached. Therefore, populations tend to increase when abundance is 
much less than carrying capacity, but remain at a stable equilibrium when abundance is near carrying 
capacity. We explicitly incorporated density-dependent processes in our model in two ways. First, we 
used a density-dependent survival model that decreased survival as carrying capacity was approached, 
but increased survival when population size was much less than carrying capacity. Second, we used a 
density-dependent movement model based on ideal free distribution theory (Fretwell and Lucas, 1970), 
where individuals move to stream segments offering high profitability as measured in terms of survival. 
To estimate the carrying capacity of Warm Springs Area, we calibrated our IBM of Moapa dace by 
fitting it to the 30-year time series of snorkel counts. Given estimates of carrying capacity obtained 
through calibration, we then used the model to evaluate alternative scenarios relating to changes in 
carrying capacity, movement barriers, and access to the mainstem Muddy River. 
  

SE ROA 47353

JA_14406



 5 

To evaluate alternative scenarios, we compared equilibrium population sizes, population growth 
rates, life stage structure (larval, juvenile, and reproductive sized fish), and subpopulation extinction 
probabilities. Although we evaluated the probability of extinction for different subpopulations, our 
model predicted a very low probability that the entire population would go extinct because density-
dependent mechanisms increased population growth rates at low population size, thereby reducing 
extinction risk. Although extinction probabilities are an important metric to consider, the minimum 
observed population abundance of Moapa dace (439 fish) is much greater than the level of abundance at 
which processes such as demographic stochasticity and allee effects would be expected to affect 
extinction probabilities. Nonetheless, the Moapa dace population is fragmented by movement barriers, 
occupies a small fraction of its historical range, and remains much less than recovery goals (6,000 fish; 
U.S. Fish and Wildlife Service, 1996). Therefore, although extinction of Moapa dace remains a concern, 
our population model is better suited to understanding how the amount of available habitat affects 
carrying capacity, and, in turn, population size. Additionally, our model is spatially explicit, 
incorporating linkages among different stream sections that allow movement barriers to be assessed. 
These attributes of our model provide fisheries managers with a quantitative tool for understanding how 
alternative management actions will affect recovery of the Moapa dace population.  

Methods 
Overview of Model Structure 

Key characteristics of Moapa dace biology, the nature of the stream network structure, and 
relevant management questions dictated the type of population model we used to simulate Moapa dace 
biology. Based on these characteristics, we constructed an individual-based model (IBM). The key 
characteristics that required use of an IBM included: 

• Growth rates vary among locations in the Warm Springs Area. 
• Fecundity depends on size of individuals, which, in turn, depends on growth rate. 
• Movement barriers restrict access to some locations. 
• Survival is driven by carrying capacity of different stream segments. 
• Survival differs among life stages (larvae, non-larvae), linked to growth rate. 
• Management scenarios alter movement barriers or change carrying capacity. 

An IBM is the ideal framework for incorporating these characteristics because the state of each 
individual at each time step is tracked throughout its life. In our model, these states include an 
individual’s size, sex, location, and life stage (fig. 1). Demographic processes such as growth, 
reproduction, and survival then depend on the state of the individual, and the population structure 
(spatial distribution, size distribution, and abundance) arises as an emergent property of the collection of 
individuals (fig. 1). 

An IBM is a stochastic model, meaning that the outcome of demographic processes arises 
probabilistically. This allowed us to incorporate effects such as demographic stochasticity, a process 
that can increase extinction probability at very low population sizes. Because the model is stochastic, 
there is a different outcome each time the model is run. This allowed us to examine not only the mean 
abundance through time, but how abundance varies over multiple model runs (referred to as 
“realizations” of the model).  
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Figure 1.  Flowchart of the individual-based population model for Moapa dace. Ovals represent the state of an 
individual, diamonds indicate a Bernoulli trial or a decision point, solid rectangles are model processes affecting the 
state of the individual, and dashed rectangles represent factors affecting model processes. 
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The IBM of Moapa dace is spatially explicit, allowing us to emulate processes such as location-
dependent growth rate, movement barriers, and inhabitation of the mainstem Muddy River. We divided 
the stream network system into eight discrete stream segments based on location of  historical 
movement barriers, confluences of different streams, and distinction between headwater spring 
segments and non-headwater segments (fig. 2). The seven stream segments upstream of the gabion 
barrier represent the primary remaining habitat harboring Moapa dace after the invasion by blue tilapia 
in 1995 until the recent (2014) flood event that damaged the gabion barrier. Segment 8 represents all 
available habitats downstream of the gabion barrier, which includes the mainstem Muddy River and 
other tributaries that harbored Moapa dace from 1985 to 1995, the period during which snorkel 
abundance estimates were available for calibration. Each stream segment had an associated carrying 
capacity, which was determined by calibrating the model to observed snorkel census data. 

To incorporate seasonally varying dynamics, we constructed the model to run at a monthly time 
step. Thus, all demographic rates (growth, survival, and movement) are monthly rates. The choice of 
time step was dictated primarily by seasonally varying reproduction. Reproduction occurs year round, 
but with a clear peak in the spring (Scoppettone and others, 1992). Thus, because spawning was 
continuous and did not occur at a discrete time of the year, an annual time step could introduce 
considerable bias in the population dynamics. 

 
 

 
 
Figure 2.  Schematic of tributary streams upstream of the gabion barrier (solid red bar) showing how the tributary 
streams were divided into seven stream segments in the individual-based model, Muddy River system, southern 
Nevada. Dotted green lines show where segments without movement barriers were divided. The two open bars 
indicate segments separated by barriers to upstream movement in Pedersen stream. 
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At each time step, individuals reproduce, survive, grow, and then move at the end of the time 
step (fig. 1). This sequence of events is an important component of the underlying structure of the 
model. Each event in the sequence is driven by an underlying submodel that determines how each 
demographic process is applied to fish of a given size and life stage in each stream segment. In the 
sections that follow, we describe in detail each of these sub-models used to simulate demographic 
processes, the procedures we used to calibrate the model, and given the calibrated model, the alternative 
scenarios we assessed to understand the potential response of the Moapa dace population to 
management actions that alter movement barriers or carrying capacity. 

Description of Submodels 

Reproduction and Larval Survival 
Some aspects of Moapa dace reproductive ecology are well-known, but others are poorly 

understood. For example, a strong relation between fecundity and fish size has been well established 
(Scoppettone and others, 1992). Additionally, based on larvae counts during snorkel surveys, 
reproduction is known to occur year round, with distinct seasonal peaks during the spring (Scoppettone 
and others, 1992). However, less well known aspects of Moapa dace reproductive ecology include: 

1. whether individuals spawn once or numerous times throughout the year; 
2. fraction of total fecundity spawned during each spawning even; 
3. probability of an egg hatching, given it has been laid; 
4. monthly survival probability of larval-sized Moapa dace; and 
5. how reproduction varies spatially throughout the Muddy River system. 

For example, Scoppettone and others (1992) found that eggs skeins within Moapa dace were in 
different stages of development, indicating that only some fraction of the total fecundity is laid on a 
given spawning event, but this fraction remains unknown. Furthermore, larvae have been observed only 
near headwater tributaries (Scoppettone and others, 1992), but it is unclear whether this pattern results 
from spawning taking place everywhere with unsuccessful reproduction in lower segments, or whether 
individuals move upstream and spawn only in headwater segments. 

To simulate reproduction of Moapa dace, we used historical information and datasets to 
parameterize the IBM. For example, our model incorporates size-dependent fecundity and seasonal 
reproduction. However, uncertainties in the reproductive ecology of Moapa dace required making a 
number of simplifying assumptions. The primary assumptions are (1) Moapa dace spawn once per year, 
(2) reproduction occurs everywhere, and (3) larval survival is constant across stream segments.  
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We used an allometric growth model to simulate the number of eggs produced by an individual 
Moapa dace as a function of length: 

 eggs,

   if individual  is female and 40
  

0             if individual  is male or 40

b
i i i

i
i

aL i L
N

i L
 + ≥= 

<

e  (1) 

where  
 Neggs,I is the number of eggs produced by the ith individual,   
 Li  is the fork length (mm) of the ith individual,  
 a and b  are intercept and slope parameters, respectively, and  
 ei  is normally distributed error with mean zero and standard deviation σ. 
 
The parameters a=0.0026 (standard error [SE]=0.0015), b=2.783 (SE=0.135), and σ=40.94 (SE=5.67) 
were estimated from data provided by G. Scoppettone, which appeared in Scoppettone and others 
(1992). The slope parameter (b) close to 3 indicates that egg production (fecundity) increases nearly 
linearly with mass (fig. 3). We assumed a sex ratio of 0.5, and individuals were randomly assigned as 
male or female at birth. We set the minimum reproductive size at 40 mm because Scoppettone and 
others (1992) determined that eggs were just developing in a 41-mm female. 

To simulate an individual’s fecundity, first, the mean fecundity was determined as a function of 
that individual’s length at the beginning of the time step. Next, a random variate was drawn from a 
normal distribution, with a mean of zero and standard deviation of σ=40.94 eggs, and then added to the 
mean fecundity. Therefore, on a given time step, an individual’s fecundity could randomly vary from 
the mean fecundity by as much as ±82 eggs (i.e., 2 standard deviations about the mean). 

 
 

 
Figure 3.  Graph showing relation of fork length (in millimeters [mm]) and fecundity of Moapa dace. Circles 
represent the observed measurements, solid line shows the predicted mean, and dashed lines show ±2 standard 
errors. 
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To simulate seasonally varying spawning, individual fish were randomly assigned a month of spawning 
at the beginning of each year, with the probability of spawning peaking in the spring. The probability of 
spawning in a given month was specified by using a truncated normal distribution with a mean 
spawning date of April 15 and standard deviation of 91.25 days (fig. 4). Females then spawned only if 
they survived to their randomly drawn month of spawning and only if at least one adult male (≥40 mm 
FL) was present within the same stream segment.  

Given reproduction in a particular month, the number of larvae produced by an individual can be 
expressed as: 

 larvae, eggs, laid hatchi iN N p p=   (2) 

where  
 Nlarvae,i  is the number of larvae produced by ith adult spawning female,  
 plaid  is the proportion of Neggs,i laid, and  
 phatch is the probability of an egg hatching given it has been laid.  
 
We assume that survival of larvae is density independent, and occurs at a constant monthly probability 
of Slarvae until larvae exceed 25 mm, at which point they become juveniles. At each time step, survival of 
individual larvae is determined by performing a Bernoulli trial with probability Slarvae. The probability of 
surviving from an egg to the juvenile stage is: 

 egg juvenile, laid hatch larvae
t

iS p p S→ =  (3) 

where  
egg juvenile,iS →  is the total survival from the ith egg in a reproductive female until the time at which a 

larvae transitions to the juvenile stage t months later. 
 
No information exists about the parameters plaid, phatch, and Slarvae. Thus, we fixed plaid and phatch to 1 and 
estimated Slarvae by calibration (see section, “Model Calibration,” for details). Using this approach, Slarvae 
in our model represents the monthly survival probability that accounts for the probability that an egg in 
a reproductive female is laid and hatched, and survives to the juvenile stage.  
 

SE ROA 47359

JA_14412



 11 

 
Figure 4.  Graph showing monthly probability of spawning, used to simulate seasonally varying reproduction of 
Moapa dace. 

 

Survival of Non-Larval Moapa Dace 
Our individual-based model considers three key processes that influence survival: (1) 

demographic stochasticity, (2) process error, and (3) density dependence. Demographic stochasticity is 
the random chance that an individual lives or dies with given probability of survival. Demographic 
stochasticity is an important mechanism affecting extinction risk when populations are at very low 
levels. Process error is defined as temporal and spatial variation in the probability of surviving that is 
caused by fluctuations in the environment. Process error can increase risk of extinction when chance 
events cause simultaneous decreases in survival over space or when survival remains low over 
consecutive time periods. Last, competition among individuals for space or food can reduce survival as 
populations increase and approach the capacity of their environment. At low population levels, density-
dependent factors can reduce extinction risk because survival increases in response to reduced 
competition for resources. 

A key challenge in parameterizing a population model is estimating survival rates, particularly 
for small fish such as Moapa dace. For example, Hereford (2014a) found that bimonthly survival of 
Moapa dace ranged from about 0.70 to 0.96, and survival varied considerably among stream reaches, 
seasons, and years. 
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We used a multi-stage stock and recruitment model of Moussalli and Hilborn (1986) based on 
the Beverton and Holt (1957) model. For Moapa dace, this density-dependent model takes the form 

 , ,
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where  
 , ,i j tN  is the number of individuals in life stage i and stream segment j at time t,  
 , , 1i j tN +   is the number in stage i and segment j at time t+1,  
 ,i jc   is the carrying capacity of life stage i in segment j,  
 0, , , 1i j t tS → +   is the density-independent survival from t to t+1 for life stage i in stream segment j 

that is approached as , ,i j tN  approaches zero.  
The parameter 0, , , 1i j t tS → + also is known as the productivity parameter (Moussalli and Hilborn, 1986). 

 For the Moapa dace IBM, we express this model in terms of survival from one time step to the 
next:  
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where , , 1i j t tS → +  is the probability of surviving from t to t+1 for life stage i in stream segment j. 
 

For this multistage model of density-dependent survival, carrying capacity has a temporal 
component such that it represents the number of individuals that can be supported by habitat over one 
time step of the model (1 month). For this reason, ,i jc  may be much higher than the equilibrium 
population size. Therefore, it is more natural to think of the cumulative capacity, ,i jC , which is the 
number of individuals that can be supported over some specified number of time steps, n (Moussalli and 
Hilborn, 1986): 
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For example, for density-independent survival of 0, , , 1i j t tS → + =0.98 per month and carrying capacity of ,i jc
=10,000, the cumulative capacity after 1 year is 744 individuals (fig. 5). This example illustrates how 
carrying capacity as estimated in our analysis will be much higher than the long-term population size at 
equilibrium. Furthermore, it illustrates how changes in carrying capacity might affect equilibrium 
population size in nonlinear and disproportionate ways. 
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Figure 5.  Graph showing cumulative capacity for a population with density-independent survival of 0.98 per month 
and a carrying capacity of 10,000 individuals per month.  

 
We modeled survival separately for two life stages, i=larvae, or i=non-larval fish (subadults and 

adults). We assumed that survival of larvae was density independent such that ,i jc = ∞  and , , 1i j t tS → +  = 

0, , , 1i j t tS → + . Larval survival and other reproductive parameters are unknown, and, therefore, were 
estimated through calibration (see sections, “Reproduction and Larval Survival” and “Model 
Calibration,” for details). For non-larval fish, each discrete stream segment in the model was assigned a 
carrying capacity, which then allowed survival to vary among stream segments depending on segment-
specific abundance and capacity. To determine the capacity of each segment, we first used calibration to 
estimate the carrying capacity of the mainstem Muddy River (stream segment 8) and the total capacity 
of all stream segments upstream of the gabion barrier (stream segments 1–7). Given an estimate of the 
total capacity upstream of the gabion barrier, we then used information about relative habitat quality and 
the length of each stream segment to determine the proportion of the total capacity assigned to each 
stream segment (table 1). Relative habitat quality was estimated by fitting an N-mixture model (Royle, 
2004) to minnow trap catches to relate abundance of Moapa dace in each stream segment to habitat 
variables such as water depth, velocity, and substrate composition (R.W. Perry, U.S. Geological Survey, 
unpub. data, 2012). On average, site-specific estimates of habitat quality in stream segment 7 were 
lower than in other segments, but the greater size of this segment contributed to its overall larger 
capacity.  
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Table 1.  Proportion of total carrying capacity upstream of the gabion barrier assigned to each stream segment. 
 

 Stream segment 
 1 2 3 4 5 6 7 

Proportion of capacity 0.069 0.190 0.105 0.117 0.062 0.151 0.306 
 
 

Process error in monthly survival probability was estimated using data from a genetic mark-
recapture study conducted on Moapa dace. Hereford (2014a) showed that Moapa dace survival varied 
among seasons, stream segments, and years. Our goal was to quantify this variation in terms of a mean 
monthly survival and standard deviation in monthly survival (i.e., the process error). We obtained 
capture histories of genetically tagged Moapa dace from Hereford (2014a), and used Program Mark 
(White and Burnham, 1999) to estimate the process error. A Cormack-Jolly-Seber survival model was 
fit to the capture histories representing 18 consecutive bimonthly sampling occasions in the seven 
distinct stream segments, and process error was estimated from a variance-components analysis of the 
fitted model following methods of Burnham and White (2002). We estimated that the process error 
owing to temporal and spatial variation in survival was 0.0399 per month (95-percent confidence 
interval=0.0349–0.0466). 

Given estimated carrying capacity and process error, survival for each individual was simulated 
as follows. First, the mean survival probability for a given time step was determined based on segment-
specific abundance using equation 5. Next, a normal random deviate with mean zero and standard 
deviation equal to the estimated process error was drawn, and then added to the mean survival 
probability. Thus, with process error=0.0399, mean monthly survival had a 95-percent probability of 
varying by ±6 percentage points each month. Last, given the monthly survival probability with process 
error, we then performed a Bernoulli trial to determine if the individual survived from one time step to 
the next. 

Growth of Moapa Dace 
Growth is an important aspect of Moapa dace population dynamics because fecundity is size 

specific. The size of individuals will influence their reproductive capacity, which, in turn, can affect 
population growth rates. Additionally, Scoppettone and others (1992) observed an increasing gradient in 
fish size from headwater springs to the mainstem Muddy River; the smallest fish were observed near 
headwater springs and the largest fish were observed in the mainstem. Since the population has been 
extirpated from the mainstem, large-sized, highly fecund fish were rare in the population restricted 
upstream of the gabion barrier.  
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To simulate growth of Moapa dace and to emulate the spatial dynamics, we used a von 
Bertalanffy growth model (Francis, 1988) that allowed for life stage- and location-specific growth rates. 
Furthermore, we assumed that individuals grow deterministically but that variation in growth rate arises 
from variation in growth parameters among individuals. We used a version of the von Bertalanffy 
growth model that describes growth rate as the change in length from one time step to the next: 

 1t tL L L+ = + ∆  (7) 

 ( ) ( )1 k
tL L L e−

∞∆ = − −  (8) 

where  
 Lt and Lt+1  is the fork length at time t and t+1,  
 L∆   is the change in fork length (mm) over one time step,  
 L∞  is the asymptotic theoretical maximum fork length (mm), and  
 k  is a constant that determines how quickly length approaches L∞. 
 
The parameters L∞ and k uniquely determine the growth trajectory, given length at time t (Lt). To drive 
individual growth trajectories, we assumed that these parameters were drawn from normal distributions 
for each individual: 

 ( )Normal ,L LL
∞ ∞∞  m σ  (9) 

 ( )Normal ,k kk m σ  (10) 

where  
Lµ ∞

and kµ   are the mean L∞ and mean k, respectively, and 

Lσ
∞

 and kσ   are the standard deviation of L∞ and k. 
 

We developed four growth models that allowed individuals to grow at different rates, depending 
on their life stage (larvae or juveniles/adults) and their location in the Muddy River system (headwater 
springs, non-headwater springs, and the mainstem Muddy River). Where possible, existing data were 
analyzed to estimate Lµ ∞

and kµ . For larvae, we estimated Lµ ∞
and kµ  from a study conducted in 1984 

(Scoppettone and Burge, 1994), where 140 larval dace were transported to an isolated segment of upper 
Plummer Spring, and then their fork lengths were measured every 3 months for 3 years (table 2, 
appendix A). Growth of non-larval fish in this study might have been constrained by warm water 
temperatures or low dissolved oxygen concentrations in the upper Plummer Spring (Scoppettone and 
Burge, 1994). Therefore, we also analyzed size data obtained by Hereford (2014b), where juvenile and 
adult individuals were trapped with minnow traps over a 3-year period in all stream segments upstream 
of the gabion barrier. From this study, we analyzed 1,359 growth observations from 615 unique 
individuals ranging in size from 23 to 86 mm (Hereford, 2014b). We found evidence for lower growth 
rates (i.e., lower k) of juveniles and adults in headwater stream segments relative to downstream areas, 
which supports past observations of spatial differences in size distributions of Moapa dace (table 2, fig. 
6, and appendix A). 
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Although our analyses provided estimates of total variation in observed size of Moapa dace, we 
did not measure variation in growth parameters among individuals because individuals either were not 
tracked (Scoppettone and Burge, 1994) or because recaptures of individuals were too sparse to estimate 
individual-specific parameters of the von Bertalanffy model (Hereford, 2014b). Therefore, to determine 

Lσ
∞

 and kσ , we varied these parameters to match the observed variation in size of Moapa dace. We 
then set these parameters as constant across the four growth models (table 2, fig. 6). 

Last, none of the growth models could reproduce the historically observed size distribution of 
fish in the Muddy River, where Moapa dace averaged 80 mm. Therefore, we hypothesized growth 
parameters for fish inhabiting the mainstem Muddy River that allowed them to obtain historically 
observed sizes (table 2, fig. 6). 
 

Table 2.  Life stage and segment-specific growth parameters used to simulate individual growth trajectories of 
Moapa dace. 
 

Life stage Segment description Stream segment Lµ  Lσ  kµ  kσ  
Larvae (<25 mm) All 1–8 56.9 5 0.120 0.015 
Juveniles and adults Headwater stream 

segments 
1, 3, 5 67.6 5 0.046 0.015 

Juveniles and adults Non-headwater stream 
segments 

2, 4, 6, 7 67.6 5 0.064 0.015 

Juveniles and adults Mainstem  8 105.0 5 0.050 0.015 
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Figure 6.  Graphs showing growth models of Moapa dace used to simulate individual growth trajectories. The solid 
line shows the von Bertalanffy model plotted at the mean value of the asymptotic theoretical maximum fork length (
L∞ ) and a constant that determines how quickly length approaches L∞  ( k ), and thick dashed lines show the 
growth trajectory for the mean parameter values ±2 standard deviations. The light dashed reference line at 25-
millimeter (mm) marks the size at which individuals switch from larval to non-larval growth. 
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To simulate growth of an individual, a random deviate was drawn at birth for each growth 
parameter (L∞ and k) from a normal distribution with mean zero and standard deviation of Lσ

∞
 and kσ . 

This deviation measured the amount by which an individual’s growth parameters were greater than or 
less than the mean for all life stages and locations. This approach allowed individuals to remain “fast 
growers” or “slow growers” as they switched from one growth curve to another, depending on life stage 
and location. The model for growth rate described in equation 7 requires an initial size at age 0, which 
we obtained from the age-specific von Bertalannfy model fit to size-at-age data from Scoppettone and 
Burge (1994; table A1, appendix A). Given size at age 0 and an individual’s growth parameters, larvae 
in all locations grew following the same distribution of parameters. When an individual exceeded 25 
mm and transitioned from larvae to juvenile, growth during a given time step then followed one of the 
three location-dependent growth curves (fig. 7). A juvenile or adult individual’s growth rates thus 
depended on where they were located and changed as they moved among stream segments over time, 
with the constraint that growth was zero for any fish that exceeded L∞ of a given stream segment. 
 

 
 
Figure 7.  Graph showing example growth trajectory following the mean growth parameters for larval Moapa dace 
(less than 25 millimeters [mm]), and then changing to the mean growth trajectory of juveniles and adults for 
headwater stream segments, non-headwater segments, and the mainstem Muddy River. 
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Movement among Stream Segments 
To simulate movement of non-larval fish (>25 mm FL) based on ecological theory, we used a 

fitness-based movement model based on the ideal free distribution. The ideal free distribution is a theory 
that assumes animals distribute among habitat patches proportionally to available resources (Fretwell 
and Lucas, 1970). Under this theory, animals are assumed to have knowledge of resources available in 
all patches, and redistribution among habitat patches will occur until the “payoff,” as measured by 
resource intake rate, is equalized among all habitats. To implement a mechanistic model of movement, 
we modified the framework of Cressman and Křivan (2006), where animals currently in patch j move to 
patch i with probability ijΨ : 

 
( )

( )

            if ,  

0                               if ,  

1   if 
i

i i j i j

ij i j

i
V V

p V V V V i j

V V i j

p V V i j
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
− > ≠

Ψ = < ≠

− − =


∑



 

µ

µ

 (11) 

where 
 pi  is the proportion of the population in patch i (i.e., stream segment),  
 Vi and Vj  are the payoffs in patch i and j, and 
  m is a parameter that scales the movement probability.  
 
The first term above expresses the probability of moving from patch j to patch i as a function of 
difference in payoff between patches and the proportion of the population in patch i. The second term 
indicates that the probability of moving to patch i is zero if the payoff in patch i is less than the payoff in 
the currently inhabited patch, j. Because movement probabilities from patch j must sum to one, the last 
term expresses the probability of remaining in the currently occupied patch, j, as one minus the 
probability of moving out of patch j (i.e., the sum of the probabilities of moving to all other patches). 

We used the density-dependent survival function (eqn. 5) as the measure of the payoff received 
in each stream segment. Using this approach, the probability of moving from stream segments j to i 
increases proportionally to the difference between Si and Sj when survival in segment i is greater than 
the currently occupied segment, j. By using density-dependent survival as the payoff in the movement 
model, dace will have a higher probability of moving to segments where abundance is much less than 
carrying capacity, and conversely, will have a higher probability of leaving stream segments where 
abundance is close to carrying capacity, relative to other stream segments. These types of movement 
dynamics have been observed with Moapa dace (Hereford, 2014b). 
  

SE ROA 47368

JA_14421



 20 

We modified the model of Cressman and Křivan (2006) to better reflect likely movement 
behavior of Moapa dace. First, the model assumes that the difference in payoff among patches is 
independent of distance among patches. However, Moapa dace are more likely to move to nearby 
stream segments relative to distant stream segments over monthly timescales (Hereford, 2014b). 
Second, under this model, movement among patches continues until the payoff is equalized among all 
patches, at which point there is zero probability of moving. For Moapa dace, we expect there to be some 
low level of random movement among stream segments even when the payoff among segments is 
constant. To account for these factors, we first modified the model to discount the payoff as a function 
of distance between stream segments: 
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where 
 *

ijΨ   is the movement probability before allowing for random movement, 
  Si and Sj are the probabilities of surviving in segment i and j, and 
  dij is the distance between stream segments measured in units of number of segments.  
 

For adjacent segments, dij = 1, and the payoff is simply a function of the difference in survival 
between adjacent segments. For locations that are two or more stream segments away from the currently 
occupied segment (dij≥2), the cost of moving greater distance is accounted for by raising the survival 
probability to dij. For example, to have a higher probability of moving two segments away compared to 
an adjacent segment, the square of survival in the distant segment must be greater than survival in the 
adjacent segment. Thus, with equal survival among segments, dace will have a higher probability of 
moving to nearby segments, and only when survival in non-adjacent segments is considerably greater 
will they have a higher probability of moving. 

Cressman and Křivan (2006) provide a modification to their model to allow for random 
movement unrelated to the difference in payoff among patches, which we modified to allow for a higher 
probability of random movement to adjacent segments relative to distant segments: 

 *1ij ij
iij ijd d

 
Ψ = + − Ψ  

 
∑εε   (13) 

where  
 e  is the probability of moving to an adjacent segment.  
 
Here, when survival is equal among segments, * 0ijΨ = , the probability of moving to an adjacent 
segment is e, the probability of moving two segments away is 2ε , and the probability of moving three 
segments away is 3ε . Conversely, when * 0ijΨ ≠ , the probability of moving from segment j to segment 
i is a weighted average of the random movement probabilities with weights equal to 1/dij. 
  

SE ROA 47369

JA_14422



 21 

To parameterize the model, we set m=0.5 and e=0.01, which resulted in a 1–3 percent probability 
of moving out of a given segment when survival was equal among stream segments. This level of 
movement approximates the movement probabilities observed based on genetic mark-recapture studies 
(Hereford, 2014b), although Hereford (2014b) examined movement distance over a bimonthly timescale 
rather than movement probabilities on a monthly timescale as implemented in our model. Barriers were 
represented in the model by setting the upstream and downstream movement probabilities to zero 
between segments separated by permanent barriers (for example, the gabion barrier). For the two 
barriers to upstream movements in the Pedersen system, upstream movement probabilities were set 
zero, but fish were allowed to move downstream of the upper and middle Pedersen segments (segments 
3 and 4) according to the fitness-based movement model. However, during initial calibration of the 
model, we noted that populations in these segments always went extinct over the time horizon during 
which the population in these segments was known to persist. These findings indicated that simulated 
movement out of these reaches was higher than occurred in reality, suggesting that the upstream barriers 
in the Pedersen system also were likely impediments to downstream movement, an observation also 
supported by the findings of Hereford (2014b). Although genetic analysis identified the upper Pedersen 
population as genetically distinct, Hereford (2014a) also found evidence that individuals from upper 
Pedersen contributed to populations downstream of upper Pedersen, indicating that some downstream 
movement does occur. To reflect these patterns of movement, we reduced the random movement 
probability from upper and middle Pedersen by treating them as if they were separated by an additional 
stream segment. For example, for segments adjacent to upper and middle Pedersen, dij was increased 
from 1 to 2, and likewise for more distant segments. 

Movement dynamics of larval Moapa dace (<25 mm FL) are completely unknown. Therefore, 
we used a simple movement model that assumed a low level of downstream dispersal but no upstream 
dispersal. We assigned an emigration probability of 3 percent per month from each stream segment and 
assumed that larvae could disperse by as much as two stream segments downstream per month. For 
stream segments that had only a single downstream segment, individuals had a 3-percent probability of 
moving to the downstream segment. For stream segments with two or more downstream segments, we 
assumed a 2-percent probability of moving to the adjacent downstream segment, and a 1-percent 
probability of dispersing downstream by two segments. 

To implement this movement model in the stochastic IBM, we randomly drew the segment to 
which a fish moved by treating the stream segments as drawn from a multinomial distribution, with the 
probabilities of movement to each segment from a given segment forming the multinomial cell 
probabilities. 

Model Calibration 
Our IBM was constructed from a combination of empirically derived parameter estimates (for 

example, growth and survival), ecologically based theoretical models (for example, fitness-based 
movement), and assumed demographic parameters for life stages in which little is known (for example, 
reproduction and larval survival). Therefore, the goal of model calibration was to identify parameter 
values for the most uncertain model parameters that produced population trajectories consistent with the 
observed historical abundance of Moapa dace. The most uncertain model parameters driving population 
dynamics in our model were (1) the total carrying capacity of stream segments upstream of the gabion 
barrier (segments 1–7), (2) the carrying capacity of the mainstem Muddy River and associated 
tributaries downstream of the gabion barrier (segment 8), and (3) survival of larvae from an egg in a 
reproductive female to the point at which larvae transition to juveniles at 25 mm FL. 

SE ROA 47370

JA_14423



 22 

To calibrate the model, we varied carrying capacity and larval survival, ran the model for a 30-
year period, and then evaluated the goodness of fit of simulated population sizes relative to the historical 
time series of population estimates based on annual and bi-annual snorkel censuses extending back to 
1985. The snorkel surveys primarily count juvenile and adult dace. We eliminated larval counts where 
larvae were noted in the snorkel survey data owing to likely low detection probabilities of larvae. We 
then compared simulated non-larval abundance to the snorkel census data. Therefore, all population 
trajectories presented in this report exclude larvae and represent only abundance of juvenile and adult 
Moapa dace. 

As our measure of goodness of fit to observed data, we used a negative log-likelihood function 
that assumed a multiplicative lognormal distribution of errors between observed and simulated 
abundance. First, we assumed the following model for the observed population size: 

    ( )obs, sim, expt t tN N= e ,     (14) 

( ) ( )obs, sim,ln lnt t yN N= + ε  
where  
 obs,tN   is the observed number of non-larval Moapa dace at time t from the snorkel census, 
 sim,tN  is the simulated number of non-larval dace at time t, and 

   ( )2Normal 0,tε σ  is an additive error term on the logarithmic scale.  
 
The negative log-likelihood for this model is: 
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where  
( )obs,ln | tL Nθ−  is the negative log-likelihood of the parameters (θ) given the observed data ( obs,tN ).  

 
The residual standard deviation, σ, can be estimated analytically using: 
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1ˆ ln ln
n

t t
y

N N
n =

 = − ∑s . (16) 
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Because the IBM is a stochastic model that produces a different population trajectory on each 
run, we used the method of simulated maximum likelihood, which estimates the expected value of the 
likelihood over an ensemble of stochastic model runs (Gouriéroux and Monfort, 1997). In this case, the 
likelihood function (eqn. 15) is replaced with: 
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where  
 s  = 1, …, S stochastic realizations of the IBM, and  
 L̂   denotes that this function estimates the expected value of the likelihood function over 

S stochastic realizations.  
 
We set S=100, meaning that we ran 100 stochastic realizations of the IBM for each set of parameter 
values, and calculated ( )obs,

ˆln | tL Nθ−  based on these 100 realizations. 
We used the likelihood function described in equation 17 to evaluate the relative goodness of fit 

to observed data for alternative combinations of parameter values. Lower values of the negative log-
likelihood function indicate parameter values that result in a better fit of the simulated population 
trajectories to observed data. Because all alternative parameter sets involved varying the same number 
of parameters, twice the negative log likelihood (hereafter referred to as “NLL”) is equivalent to model 
selection criterion known as Akaike’s Information Criterion (AIC; Burnham and Anderson, 2002). A 
difference of AIC ≤ 2 among models indicates competing models that fit the data equally well. 
Therefore, we interpreted differences of ≤ 1 NLL as parameter sets that fit the observed data equally 
well. Our goal then was to select sets of parameter values that were within one unit of the minimum 
NLL.  

We performed model calibration in two stages. In the first stage, the goal was to estimate larval 
survival and the total carrying capacity of all stream segments upstream of the gabion barrier (segments 
1–7). Therefore, we first fit the model to the time series of abundance estimates after the gabion had 
been installed by 1997 when movement of fish between the mainstem and tributaries upstream of the 
gabion was eliminated. Although the population upstream of the gabion barrier represented nearly the 
entire Moapa dace population, residual counts of dace downstream of the gabion barrier were subtracted 
so that the model was fit to the population size upstream of the gabion barrier. We selected three values 
of monthly larval survival (Slarvae = {0.25, 0.30, 0.35}). For each value of Slarvae, we ran the model over a 
range of total carrying capacity for all stream segments upstream of the gabion barrier. Total carrying 
capacity ranged from 4,200 to 11,000, a range that was wide enough to encompass the minimum NLL 
for each value of Slarvae. Because the probability of an egg being laid (plaid) and hatched (phatched) was 
unknown, these parameters were set to 1. Therefore, Slarvae represents the average monthly probability 
that an egg in a reproductive female is laid, hatched, and survives to the juvenile stage, at which point it 
becomes available to be counted in the snorkel survey data to which the model is fit (see eqn. 3). We 
then selected a value of Slarvae and carrying capacity among all parameter sets that were within 1 unit of 
the minimum NLL. 
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For the second stage of calibration, the goal was to estimate the carrying capacity of the 
mainstem Muddy River and tributaries downstream of the gabion barrier (segment 8). Thus, we fit the 
model to the observed snorkel counts from 1985to 1995, the period before tilapia were introduced when 
Moapa dace inhabited the mainstem and moved freely between the mainstem and segments 1–7 
upstream of the gabion barrier. For this calibration, we fixed Slarvae and carrying capacity upstream of 
the gabion barrier to the best-fit value from the first stage of calibration, and then estimated carrying 
capacity downstream of the gabion barrier (segment 8) by fitting the model to the total population 
abundance both upstream and downstream of the gabion barrier. We fit the model to the total population 
abundance rather than just abundance in segment 8 because presence of larger fish and movement of 
fish between the mainstem and tributaries could influence the total population size upstream and 
downstream of the gabion despite no change in capacity for segments 1–7. Therefore, fitting only to 
abundance estimates downstream of the gabion barrier may have underestimated its capacity. Carrying 
capacity of segment 8 ranged from 9,000 to 16,000. We then selected the carrying capacity for segment 
8, which minimized the NLL of total population abundance. These values of Slarvae and total carrying 
capacity upstream and downstream of the gabion barrier were then used in all model runs to evaluate 
alternative scenarios. 

Calibration also required that the population model attain a stable equilibrium before comparing 
simulated to observed data. To minimize the time required to reach equilibrium, we used an initial 
population of individuals that was sufficiently close to the equilibrium population structure. This initial 
population structure at time zero was obtained by (1) selecting parameter values that approximately 
matched observed population sizes, (2) running the model for 18 years to allow the population to attain 
equilibrium, and then (3) using the simulated population of individuals at year 18 as the initial 
population for all parameter sets in the calibration. We determined that a “burn in” of 5 years allowed 
population trajectories to reach equilibrium under a wide range of parameter values. Thus, simulated 
population trajectories were compared to observed abundances, beginning in year 6, after allowing 
population trajectories to reach equilibrium. 

Alternative Scenarios 
We ran a number of scenarios relating to migration barriers and changes to carrying capacity. 

For each scenario, we ran 100 stochastic realizations of the calibrated IBM over a 50-year time horizon. 
Initial populations for these scenarios were developed by running 100 realizations of the calibrated 
model, either with or without the gabion barrier in place, for a sufficiently long time horizon to attain an 
equilibrium population size, spatial distribution, and life stage structure. The population of individuals 
at the end of this time series was then used to form the initial populations for the 100 stochastic 
realizations for each scenario. Depending on the scenario, initial population size ranged from 10 to 500 
non-larval individuals. Here, a specified number of non-larval individuals was randomly drawn from 
each of the 100 initial populations. Larval Moapa dace also were randomly drawn from the initial 
populations in proportion to the ratio of abundance of larval to non-larval dace. On average, there was a 
7-to-1 ratio of larval to non-larval dace. Although we focus our analysis and calibration on non-larval 
abundance, an initial population size of 10 dace, for instance, indicates that 10 non-larval dace and 70 
larval dace, on average, were drawn at random from each of the 100 initial populations. 
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Migration Barriers 
Use of migration barriers has been an important management tool in the Warm Springs Area to 

manage the spread of invasive species, yet migration barriers also may negatively affect metapopulation 
dynamics of Moapa dace by restricting dispersal. Over the past 20 years, the primary migration barriers 
were the gabion barrier in the lower Plummer stream and two weirs that prevent upstream movement 
into Pedersen stream. The gabion barrier separates segments 7 and 8 (fig. 2) and eliminates upstream 
and downstream movement. The weirs on Pedersen stream separate segments 3 from 4 and 4 from 6, 
and are complete barriers to upstream movement and partial barriers to downstream movement 
(Hereford, 2014b; fig. 2). We evaluated the effect of four alternative migration barrier scenarios to 
understand how migration barriers influence population dynamics. These scenarios were comprised of:  

A.  Baseline—all barriers in place as the stream network system has been historically 
configured. 

B. Gabion in, Pedersen weirs out—complete removal of Pedersen weirs allowing both upstream 
and downstream dispersal. 

C. Gabion out, Pedersen weirs in—complete removal of gabion barrier allowing both upstream 
and downstream dispersal. 

D. Gabion out, Pedersen weirs out—removal of all barriers to movement 

Carrying Capacity 
Many management actions and human influences affect carrying capacity. Habitat restoration 

increases capacity, whereas changes in spring discharge affect carrying capacity by altering the amount 
of suitable habitat for Moapa dace (Hatten and others, 2013). Because carrying capacity in our model 
has a temporal component representing monthly capacity (fig. 5), the population size that can be 
supported over the long term (i.e., the equilibrium population size) may not be directly proportional to 
carrying capacity. Furthermore, equilibrium population size will be a complex function of not only 
segment-specific capacity, but also of stream network structure, movement, growth, and survival. 

To understand how changes in carrying capacity affect equilibrium population sizes, we ran a 
series of scenarios that both increased and decreased carrying capacity. These scenarios followed the 
approach of Hatten and others (2013), who simulated the amount of suitable habitat resulting from 
changes in discharge of -30 to +30 percent in headwater springs (segments 1, 3, and 5 in our model). 
Similarly, our approach was to vary the total carrying capacity upstream of the gabion barrier from -30 
to +30 percent in increments of 10 percentage points. Changes in carrying capacity were performed 
under the baseline scenario, with the gabion barrier and Pedersen weirs in place and no Moapa dace in 
the mainstem Muddy River (segment 8). Our goal here was to understand how changes in carrying 
capacity from the historical state of the system could affect, either positively or negatively, the 
magnitude of the equilibrium population size that the system could support. 
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Results 
Calibration and Model Behavior 

The first stage of our model calibration exercise was informative about combinations of larval 
survival and carrying capacity upstream of the gabion barrier that best fit observed abundances of 
Moapa dace. For each value of larval survival, the negative log likelihood (NLL) followed a parabolic 
function of carrying capacity, with a clear range of values that were within 1 NLL of the minimum 
value (fig. 8). For example, for larval survival of 0.35, a carrying capacity of about 6,000 minimized the 
NLL, but values of capacity ranging from about 5,500 to 7,000 were within 1 NLL of the minimum 
value, indicating that a wide range of carrying capacity fit the observed data nearly as well. We also 
determined that, as larval survival decreased, a higher carrying capacity was required to obtain a similar 
fit to the data. For example, for monthly larval survivals of 0.25, 0.30, and 0.35, carrying capacities that 
were near the minimum NLL were 9,000, 7,200, and 6,000, respectively (fig. 8). Among the three 
values of larval survival, there was no clear global minimum. This finding indicates that larval survival 
was confounded with carrying capacity because alternative combinations of larval survival and carrying 
capacity fit the data nearly equally well. For this reason, we selected a larval survival of 0.30 at a 
carrying capacity of 7,200 upstream of the gabion barrier for the second stage of calibration and for 
simulation of all alternative scenarios. 

For the second stage of calibration where we estimated capacity of the mainstem Muddy River 
and tributaries downstream of the gabion barrier (segment 8), we observed the minimum NLL at a 
carrying capacity of 13,800 (fig. 8). However, because we fit the model to only four abundance 
estimates that were available prior invasion of blue tilapia, there was more uncertainty in the best fit 
capacity, as indicated by the wide range of carrying capacities that were within 1 NLL of the minimum. 
Thus, carrying capacities from 11,500 to 15,500 also were plausible values. Given the selected values of 
larval survival (0.30) and carrying capacity (7,200 upstream of the gabion barrier and 13,800 
downstream of the gabion barrier), our calibration indicated that the capacity of the mainstem Muddy 
River and tributaries downstream of the gabion barrier was nearly twice the capacity of the stream 
segments upstream of the gabion barrier. 
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Figure 8.  Negative log-likelihood profiles as a function of carrying capacity. The individual-based model was fit to 
abundance estimates, 1997–2014 (top panel) and 1985–1995 (bottom panel). Filled symbols indicate the 
parameter values that were selected for all subsequent simulations. 
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Given our selected parameters of larval survival and capacity, we examined the IBM’s goodness 
of fit to total population abundance. For 1997–2014 when the gabion barrier was in place, the model 
captured the average abundance well, but failed to match the variation in observed abundance, 
particularly for the more recent abundance estimates after 2008 (fig. 9). Our model assumed that 
carrying capacity and larval survival were constant over the 20-year period, which is why the simulated 
trajectories fluctuate around a constant average value of about 875 individuals. However, substantial 
changes to the stream network occurred following 2008, including targeted removal of invasive fishes 
and numerous restoration activities. These actions likely had some influence on larval survival and 
carrying capacity. We expand on this topic in the section, “Discussion.” 

For 1985–1995, the simulated population trajectories matched the observed data well, 
particularly when considering the run-to-run variation observed among the 100 replicate simulations 
(fig. 9). For example, although the mean simulated abundance fluctuated from about 2,700 to 3,300 non-
larval dace, the individual realizations ranged from about 2,300 to 4,000 individuals. The simulated 
range of abundance matched the observed variation in snorkel counts. 

Comparing the observed to simulated abundance also reveals model behavior that is not apparent 
in the observed abundance estimates. Population trajectories show a seasonal cycle that is not seen in 
the observed abundance estimates. This seasonal cycle is driven by reproduction that peaks during 
spring and declines to a minimum during the winter. The peaks and troughs in non-larval abundance are 
driven by a combination of (1) seasonal recruitment of larvae that grow large enough to transition to 
juveniles (>25 mm FL), and (2) density-dependent survival that reduces survival when a large pulse of 
larvae recruit to juveniles and begin to compete for resources with non-larval dace. Cycles are not 
clearly evident in the observed data because snorkel surveys have been conducted at 6-month or longer 
intervals, making it difficult to observe fluctuations that occur at finer scales (for example, monthly). 

SE ROA 47377

JA_14430



 29 

 
 
Figure 9.  Graphs showing 100 population trajectories from the individual-based model (gray lines) and the mean 
abundance (black lines) shown against the observed snorkel counts (solid pink circles) using calibrated parameters 
with a larval survival rate of 0.30 at a carrying capacity of 7,200 upstream of gabion barrier and a carrying capacity 
of 13,800 downstream of gabion barrier. The upper panel is limited to the population upstream of the gabion 
barrier. The lower panel shows the total population upstream and downstream of the gabion barrier.  
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To further examine model behavior, we simulated the entire historical times series of the Moapa 
dace population using our best fit parameters of larval survival and carrying capacity, and then 
compared it to the observed data. For this simulation, we allowed fish to move freely between segments 
1–7 and segment 8 until 1996. In 1996, we “installed the gabion barrier” by setting upstream and 
downstream movement probabilities to zero between segments 7 and 8. For the period after 1996, 
survival in segment 8 was set to zero to emulate the effect of the blue tilapia invasion. This simulation 
followed the observed population trajectory well, showing how the model can be used to simulate 
alternative scenarios such as past events that occurred in the Muddy River system (fig. 10). 

Additionally, this simulation indicated that after the initial population decline owing to tilapia 
invasion, the simulated population continued to decline from about 1,200 to 800 individuals between 
1996 and 2001. Our model hypothesized that fish inhabiting the mainstem Muddy River grew faster and 
attained larger size than fish in segments 1–7 upstream of the gabion barrier (fig. 7). Large fish that had 
moved from the mainstem into segments 1–7 were still present in the simulated population upstream of 
the gabion barrier at the time the barrier was installed in 1996. These large, highly fecund fish produced 
more larvae per individual, resulting in maintenance of a larger population size upstream of the gabion 
barrier. However, over time these larger fish died out, resulting in a gradual decline in the total 
population size as the population structure shifted to a population comprised of smaller adults that 
produced fewer larvae per individual. 

 

 
Figure 10.  Graph showing 100 population trajectories from the individual-based model (gray lines) and mean 
abundance (black line) shown against the observed snorkel counts (solid pink circles) using calibrated parameters 
with a larval survival rate of 0.30 at a carrying capacity of 7,200 upstream of gabion barrier and a carrying capacity 
of 13,800 downstream of gabion barrier. This scenario simulated the invasion of blue tilapia and installation of the 
gabion barrier in 1996. 
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Migration Barrier Scenarios 
The mean population size at equilibrium varied among the four migration barrier scenarios and 

depended on the initial population size for some scenarios. For the baseline scenario (Pedersen weirs 
and gabion barrier in place), the mean population size at equilibrium increased as initial population size 
increased from 10 to 50 to 500 individuals (figs. 11 and 12). This difference also was apparent for weirs 
in place with the gabion barrier removed, although the relative magnitude of this difference was less 
(figs. 11 and 12). In contrast, for the two scenarios where the Pedersen weirs were removed, we found 
no effect of initial population size on the equilibrium population size (figs. 11 and 12). The primary 
effect of removing the gabion barrier was to allow access between three springheads (collectively, 
segments 1–7 in this study) and the mainstem Muddy River downstream of the gabion, which increased 
the equilibrium population size considerably, as would be expected. 

 

 
Figure 11.  Time-series of mean monthly population abundance showing differences in the equilibrium population 
size among four alternative scenarios of migration barriers. Mean monthly abundance was computed from 100 
simulations at three initial population sizes (N0=10, 50, and 500), for each of the alternative scenarios. The upper 
left panel shows the baseline scenario.  
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Figure 12.  Boxplots showing differences among the distribution of simulated population abundance at the end of 
the 50-year time horizon for the four alternative scenarios of migration barriers at three initial population sizes 
(N0=10, 50, and 500). Thick black lines show the median, box hinges define the inter-quartile range, and whiskers 
bound the simulated range of abundance. The upper left panel shows the baseline scenario.  
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For scenarios with the Pedersen weirs in place, local extinctions of populations in the two 
Pedersen stream segments were the cause of the mean equilibrium population size declining with initial 
population abundance (fig. 13). For example, with an initial population size of 10 non-larval dace, the 
mean equilibrium population size was about 875 non-larval fish for model runs where zero local 
populations went extinct, which is similar to the equilibrium population size obtained for the calibration. 
However, mean equilibrium population size decreased to about 750 and 650 individuals, respectively, 
when either one or both populations in the Pedersen stream went extinct. 

 
 
Figure 13.  Time series of the mean monthly abundance for population realizations with 0, 1, and 2 local 
extinctions, simulated under the baseline scenario when Pedersen weirs and the gabion barrier were in place, 
starting with an initial population size of 10 fish. 
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We observed no local population extinctions with the Pedersen weirs removed, but a high 
probability of local extinctions at low initial population sizes when the weirs were in place. At an initial 
population size of 10 with weirs in place, the probability of local extinction was >80 percent (fig. 14). 
Even at an initial population size of 50 non-larval dace (and about 350 larval dace), the probability of at 
least one local extinction was about 40 percent. However, as initial population size increased to more 
than 100 non-larval dace, no further local extinctions were observed (fig. 14). 

 

 
 
Figure 14.  Probability of a local extinction as a function of initial population size. The two lines show the probability 
of one or more of the subpopulations in Pedersen stream going extinct compared to both segments going extinct. 
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Without the weirs, strong compensatory mechanisms act to buffer against local extinctions. First, 
at low initial population sizes, there is little intraspecific competition, which acts to increase survival. 
Second, even when stochastic events cause a sub-population to go extinct, the fitness-based movement 
function would act to increase the probability of an individual recolonizing a vacant segment, as long as 
individuals could freely move among segments. However, with barriers to upstream movement, once a 
population upstream of a barrier goes extinct, (natural) recolonization is impossible. 

We also observed differences in the size and life-stage distributions among scenarios, 
particularly for scenarios with the gabion barrier in or out (tables 3 and 4). With access to the mainstem 
where fish grew faster and attained large size, the fraction of the population >65 mm FL increased (table 
3), as did the abundance of fish >65 mm FL. The reproductive contribution of these large fish was 
disproportionate relative to their abundance. With the gabion barrier in place and no fish in the 
mainstem, there were about 7 larvae per adult, but this increased to about 10 larvae per adult with the 
gabion removed (table 4) when large fish could contribute to reproduction. 

Table 3.  Mean proportion of the population in each life stage in December of the last time step for four alternative 
scenarios of migration barriers. 
 
[Mean standard deviation is shown in parentheses. Scenario:A, baseline with weirs in and gabion barrier in; B, weirs out and 
gabion barrier in; C, weirs in and gabion barrier out; D, weirs out and gabion barrier out. <, less than; >, greater than; mm, 
millimeter] 

Scenario Larvae (<25 mm FL) Juvenile (25–40 mm FL) Adult (40–65 mm FL) Adult (>65 mm FL) 
A 0.839 (0.0323) 0.041 (0.0095) 0.094 (0.0187) 0.026 (0.0052) 
B 0.839 (0.0343) 0.041 (0.0102) 0.094 (0.0198) 0.026 (0.0056) 
C 0.872 (0.0174) 0.042 (0.0064) 0.052 (0.0071) 0.034 (0.0046) 
D 0.876 (0.0174) 0.041 (0.0064) 0.051 (0.0072) 0.032 (0.0044) 

 
 

Table 4.  Mean population abundance in each life stage in December of the last time step for four alternative 
scenarios of migration barriers.  
 
[Mean standard deviation is shown in parentheses. Scenario: A, baseline with weirs in and gabion barrier in; B, weirs out and 
gabion barrier in; C, weirs in and gabion barrier out; and D weirs out and gabion barrier out. FL, fork length; ≤, less than or 
equal to; >, greater than] 

Scenario Larvae Juvenile 
Adult  

(≤ 65 mm FL) 
Adult  

(>65 mm FL) Larvae per adult 
A 4,527 (1,088.221) 222 (22.367) 510 (30.786) 140 (11.827) 6.96 (1.597) 
B 4,577 (1,023.136) 225 (25.901) 515 (29.624) 141 (14.607) 6.97 (1.464) 
C 20,546 (3,169.803) 986 (74.115) 1,231 (74.263) 795 (43.652) 10.14 (1.486) 
D 21,381 (,3350.573) 991 (68.610) 1,238 (73.613) 786 (53.158) 10.57 (1.581) 
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Carrying Capacity Scenarios 
We observed that increasing or decreasing carrying capacity upstream of the gabion barrier 

resulted in concomitant changes in equilibrium population size (fig. 15). For example, decreasing 
carrying capacity by 30 percent reduced mean abundance from about 875 to 600 individuals, but 
increasing capacity by 30 percent increased mean abundance to about 1,150 individuals. These changes 
in abundance were directly proportional to the change in carrying capacity. For example, a 30-percent 
decrease in capacity lead to a 30-percent decrease in mean population size. 

 
 
Figure 15.  Boxplots showing distribution of population sizes at the end of 50-year simulations under the baseline 
scenario for 100 runs of the individual-based model. The baseline scenario consisted of the gabion barrier and 
Pedersen weirs in place. Carrying capacity varied in 10-percentage-point increments from the baseline carrying 
capacity of 7,200. Thick black lines show the median, box hinges define the inter-quartile range, and whiskers 
bound the simulated range of abundance. 

  

SE ROA 47385

JA_14438



 37 

Discussion 
Our population model of Moapa dace proved a useful tool for understanding how dace 

populations might respond to changes in their habitat, such as alternative configuration of migration 
barriers and changes in carrying capacity. The IBM was constructed from a combination of empirically 
derived parameter estimates (for example, growth and survival), ecologically based theoretical models 
(for example, fitness-based movement), and assumed demographic parameters for life stages in which 
little is known (for example, reproduction and larval survival). Additionally, we calibrated the model to 
historical estimates of population abundance, which allowed us to assess scenarios that included 
reintroduction of dace to the mainstem Muddy River. 

Because our model incorporates density-dependent processes that are driven by the capacity of 
available habitat to support Moapa dace, it is well suited to evaluate the potential effect of management 
actions that alter the amount of habitat. Changes to total capacity of tributary streams upstream of the 
gabion barrier led to changes in population abundance directly proportional to the change in capacity. 
However, we would not always expect population size to change in direct proportionality to carrying 
capacity. In our simulations, we simultaneously increased carrying capacity for all stream segments, 
which maintained the relative distribution of carrying capacity among stream segments. Because 
movement and survival in our model are intricately linked to the channel network structure and 
distribution of abundance by density-dependent relations, these relations remained unchanged when 
simultaneously changing capacity in all segments. However, if changes in carrying capacity had 
occurred disproportionately in some stream segments, we expect that the population dynamics would 
respond in such a way that the consequent change in total capacity could result in disproportionate 
changes to the total population size. Changing capacity in one segment but not others would influence 
the movement probabilities and the density-dependent survival relations. Thus, we should not always 
assume that population size would change in direct proportionality to carrying capacity. For this reason, 
our model could be a useful tool for examining where habitat restoration might yield higher or lower 
benefits to the population. 

Although we examined how changes in capacity affect population size, we did not directly 
examine how specific factors, such as reduced spring discharge or habitat restoration, would influence 
population dynamics. The difficult link to make here is determining the amount by which carrying 
capacity would change in response to a change in spring discharge of a given magnitude. Hatten and 
others (2013) used detailed ecohydraulic models to show that the amount of suitable habitat for Moapa 
dace declined in response to reduced spring discharge of three headwater segments (segments 1, 3, and 
5 in our model). However, to translate these effects to carrying capacity at the population level would 
require estimating how a change in spring discharge would affect the total amount of available habitat 
throughout all stream segments supporting the Moapa dace population. Thus, although our model is 
useful for understanding how changes in carrying capacity of a given magnitude might affect 
populations of Moapa dace, it remains a formidable challenge to mechanistically link specific types of 
changes in habitat (for example, reduced spring flows) to specific changes in carrying capacity. 
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In constructing our model, we were forced to make many simplifying assumptions because of 
the lack of knowledge about some aspects of Moapa dace biology. Chief among these assumptions was 
the reproductive biology of Moapa dace. We assumed that (1) individual Moapa dace spawn only once 
per year, (2) all eggs were laid when an individual spawned, (3) spawning occurred everywhere, and (4) 
larval survival was the same everywhere. All these assumptions are likely to be invalid to some extent. 
Anecdotal evidence based on observations of larvae suggests that successful reproduction occurs near 
headwater springs. However, reproduction of Moapa dace has never been observed in the wild. The 
frequency with which an individual spawns and how many eggs are spawned by an individual are 
unknown. However, by calibrating larval survival to allow the model to fit observed abundance 
estimates, we believe that our model captures the probability that an egg in a reproductive female 
survives to the juvenile stage. As more is learned about the reproductive biology of Moapa dace, we 
should be able to refine this aspect of the model. 

Another important assumption was that growth rates of Moapa dace in the mainstem Muddy 
River were higher than in tributary streams. We have no direct evidence for higher growth rates except 
for historical observations showing that larger fish occupied the mainstem Muddy River but no longer 
exist in the population of Moapa dace upstream of the gabion barrier. It is possible that Moapa dace 
achieved larger size in the mainstem not owing to higher growth rates but because of higher survival 
rates that allowed them to live longer and achieve larger size. The 2014 flood event that washed out the 
gabion barrier offers an excellent opportunity to test these hypotheses once Moapa dace become 
established in their historical habitat. 

Our model fit the average abundance upstream of the gabion barrier well, but clearly did not 
represent the magnitude of population fluctuations that occurred after 2008 (fig. 9). By estimating a 
single larval survival and carrying capacity, our analysis made the implicit assumption that carrying 
capacity and larval survival remained constant over the 20-year period. However, substantial changes to 
the stream network occurred following 2008. First, a sharp decline of the population to about 436 
individuals occurred in 2008. To our knowledge, the cause of this decline has not been identified. 
Second, major restoration projects began around 2008. Upper Apcar stream was restored (segment 5), 
lower Pedersen stream was restored and redirected to its historical channel (segment 4), and the middle 
section of Apcar stream was restored (segment 6 and part of segment 7). Third, an extensive bimonthly 
trapping effort began in 2008 (Hereford, 2014a, 2014b) whereby invasive fishes were removed from the 
system, and larval dace are known to be consumed by invasive fish species (Scoppettone, 1993). Thus, 
carrying capacity of the stream network increased over time owing to restoration activities, and 
reduction of invasive fish populations may have increased larval survival and reduced competition with 
non-larval dace. It would have been difficult to represent the effects of these changes in our model 
because the ecosystem has been in a state of flux since 2008. The Moapa dace population appears to be 
responding positively to these recent activities. Should the population begin to stabilize at a new, higher 
equilibrium population size in the future, our model could be used to estimate the capacity of the stream 
network before and after restoration activities took place. Such an analysis could provide the basis for 
predicting the effects of habitat restoration in other locations, providing fisheries managers with an 
important tool for evaluating the effects of restoration actions on Moapa dace abundance. 
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Our simulations suggest that reintroducing Moapa dace to the mainstem Muddy River and 
increasing carrying capacity would result in substantial increases in Moapa dace abundance. However, 
our analyses suggest that these efforts alone will not be sufficient to achieve the recovery goal of 6,000 
Moapa dace (U.S. Fish and Wildlife Service, 1996). Our estimate of carrying capacity for the mainstem 
Muddy River and tributaries represents the capacity of the system when dace abundance was estimated 
between 1985 and 1995. During 1985–1995, available habitat already was reduced, and the Muddy 
River and its tributaries likely have changed since 1995. To achieve the recovery goal, our analyses 
suggest that carrying capacity needs to be increased further by continued restoration of existing habitats 
and reintroductions to habitats from which dace have been extirpated. Our model could be a useful tool 
to help understand the magnitude of change in carrying capacity required to meet recovery goals. For 
example, it would be straightforward to explicitly represent other spring tributaries that connect to the 
mainstem Muddy River (for example, Cardy Lamb Springs). Based on our analysis of carrying capacity 
in other areas, we could hypothesize the increase in capacity achieved by reintroducing Moapa dace to 
additional headwater springs, and the consequent effect on the expected equilibrium abundance. 
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Appendix A. Estimating Moapa Dace Growth Parameters 
Growth of Larval Moapa Dace 

To estimate larval growth, we obtained size-at-age from a study conducted in 1984 (Scoppettone 
and Burge, 1994). In this study, 140 larval dace were discovered in a concrete irrigation channel, and 
then transported to an isolated segment of Upper Plummer Spring where their fork lengths were 
measured every 3 months for 3 years. We estimated length at age t, L(t), using the following form of the 
von Bertalanffy growth model (Quinn and Deriso, 1999): 

 ( ) ( )( )01 k t tL t L e− −
∞= − ,  (A1)  

where  
 t is age in months,  
 L∞  is the asymptotic theoretical maximum fork length (mm),  
 k is a constant of the growth rate, and  
 t0  is the hypothetical age when L=0.  
 
For model fitting purposes, all fish were assumed to be 1 week old (t=0.25 month) at the time of first 
measurement. Parameter estimates were obtained by using a non-linear least-squares regression (table 
A1, fig. A1). 

Table A1.  Parameter estimates for the von Bertalanffy model fit to data from Scoppettone and Burge (1994). 
 

Parameter Estimate Standard error 
L∞  

56.85 1.175 

k  0.120 0.007 

0t  
-1.173 0.119 
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Figure A1.  The von Bertalanffy growth model fit to size-at-age data from Scoppettone and Burge (1994). Dashed 
lines show 95-percent confidence intervals. Fork length in is millimeters (mm). 

Growth of Juvenile and Adult Moapa Dace 
We analyzed size data obtained by Hereford (2014b), where juvenile and adult individuals were 

trapped with minnow traps over a 3-year period in all stream segments upstream of the gabion barrier. 
We used the methods of Francis (1988) to fit a von Bertalannfy growth model where the response is the 
change in length as a function of initial length and time between recaptures: 

 ( )( )1 k t
tL L L e− ∆

∞∆ = − −  (A2) 

 where  
 L∆  is the change in fork length (mm) between recaptures,  
 Lt is the initial fork length at time t,  
 t∆   is the time between recaptures (months), 
 L∞  is the asymptotic theoretical maximum fork length (mm), and  
 k is a constant of the growth rate.  
 
This model was fit to 1,359 growth observations from 615 unique individuals ranging in size from 23 to 
86 mm (Hereford, 2014b).  
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To determine whether fish in headwater spring segments (upper Plummer, upper Pedersen, and 
upper Apcar) had different growth rates than fish in downstream segments, we fit models that compared 
the following hypotheses: 
 

 Model 1—Both L∞ and k differed between upper and lower segments. 
Model 2—k differed between segments, but L∞ was the same between segments. 

 Model 3—No difference in L∞ or k for fish captured in upper and lower stream segments. 
 

Fish were assigned to stream segments based on their location when initial length (Lt) was measured. 
To fit this model to the data, we used maximum likelihood methods that assumed growth of fish 

was normally distributed with mean L∆  and standard deviation σ. However, negative growth values 
suggested the presence of measurement error associated with measuring fish length. Additionally, the 
growth data indicated that σ declined as L∆  declined. Therefore, we incorporated both measurement 
error and alternative structures for σ to identify a model that fit both the mean change in length and the 
variance in the observed change in length. The following model was assumed for the observations: 

 predi iL L∆ = ∆ + e  (A3) 

where  
 iL∆   is the ith growth observation,  
 predL∆   is the predicted growth based on eqn. A2, and  

predi iL Le = ∆ −∆   is the deviation between observed and predicted growth, which is assumed to follow 
a normal distribution with mean 0 and standard deviation σ.  

 
Following the methods of Francis (1988), the total variance contributing to σ was expressed as a 
function of measurement error and L∆ : 

 ( )2 2
predi L s= ∆ +ss   (A4) 

where  
  s2  is the measurement error, and 
   ( )2

predi Lσ ∆  is the variance for the ith growth observation expressed as a function of 

predL∆ . 
 

To estimate measurement error, we assumed that negative growth in length was impossible and 
that all negative values of L∆  represented error in the measurement of the true length. We assumed that 
measurement error was normally distributed with mean zero and standard deviation s, and then 
estimated s by fitting a normal distribution truncated at zero to all negative observations of L∆ . The 
estimate of measurement error was s=1.86 mm (standard error=0.08), which appeared consistent with 
the data. Measurement error was set to this value in eqn. A3 when estimating the other parameters by 
maximum likelihood. 
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Next, we compared alternative models for the relation of iσ  with predL∆ , following the methods 
of Francis (1988). Alternative models were fit using the model structure that assumed both L∞ and k 
differed between upper and lower stream segments (Model 1 referenced earlier in this section). We fit 
four alternative model structures: 

Model 1a— i =σ υ  

Model 1b) — predi Lσ υ= ∆  

Model 1c— ( )pred1 L
i eυσ τ ∆= −

 

Model 1d— predi Lτσ υ= ∆
 

where υ and τ are parameters to be estimated by maximum likelihood. The first model is the null model 
that estimates iσ  as a constant, whereas the other models express iσ  as a linear, exponential, or power 
function of predL∆ . 

We compared models using Akaike’s Information Criterion (AIC; Burnham and Anderson, 
2002) and selected the model with the lowest AIC score. We first selected among models fitting 
different variance structures (Models 1a–1d). Given the best fitting-model for the variance, we then 
compared Models 1–3 to assess whether growth parameters differed among stream segments. 

The model expressing iσ  as a power function of length (Model 1d) fit the data considerably 
better than the other models. Given that ∆AIC > 10 are typically considered as having essentially no 
support relative to the best fitting model, we used Model 1d as the basis for comparing Models 1–3 
(table A2). Relative to the full model (Model 1), a model with the same k but different L∞ was not 
supported (∆AIC=65.1), but the model with different k and the same L∞ fit better than the full model 
(∆AIC=1.7; table A3). The findings indicate that juvenile and adult Moapa dace upstream of the gabion 
barrier had the same asymptotic size (L∞), but that non-larval fish in headwater stream segments grew at 
a slower rate than non-larval fish in stream segments downstream of the headwater segments (table A4, 
fig. A2). 
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Table A2.  Model selection results for assessing alternative variance structures for growth of Moapa dace. 
 
[NLL, Negative Log Likelihood; AIC, Akaike’s Information Criterion; ∆AIC, the difference in AIC of each model relative to 
the lowest-AIC mode.] 

Model Number of parameters NLL AIC ∆AIC 
1a 5 3851.7 7,713.5 274.3 
1b 5 3746.7 7,503.5 64.3 
1c 6 3755.9 7,523.7 84.5 
1d 6 3713.6 7,439.2 0.0 

 
 

Table A3.  Model selection results for alternative hypotheses of Moapa dace growth in upper and lower stream 
segments using the variance structure from Model 1d. 
 
[NLL, Negative Log Likelihood; AIC, Akaike’s Information Criterion;  ∆AIC, the difference in AIC of each model relative 
to the lowest-AIC model] 

Model Number of parameters NLL AIC ∆AIC 
1 6 3,713.6 7,439.2 1.7 
2 5 3,713.8 7,437.5 0.0 
3 4 3,748.2 7,504.3 66.8 

 
 

Table A4.  Parameter estimates for the best-fit model of Moapa dace growth that uses Model 1d for the variance 
structure and Model 2 for difference in growth rates between upper and lower stream segments. 
 

Parameter Estimate Standard error 
L∞ 67.568 0.553 
kupper 0.046 0.004 
klower 0.064 0.003 
υ 1.727 0.113 
τ 0.613 0.040 
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Figure A2.  Graph showing the von Bertanlanffy growth model fit to the change in length (∆L, in millimeters [mm]) 
between recaptures of Moapa dace in headwater and non-headwater stream segments. Solid lines show the best-
fit model for headwater and non-headwater segments. Dashed lines show 95-percent confidence intervals. 
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 THE STATUS OF MOAPA CORIACEA AND GILA SEMINUDA AND STATUS

 INFORMATION ON OTHER FISHES OF THE MUDDY RIVER,

 CLARK COUNTY, NEVADA

 G. GARY SCOPPETTONE  PETER H. RISSLER, M. BRIDGET NIELSEN  AND  JAMES E. HARVEY

 U.S. Geological Survey, Biological Resources Division, Western Fisheries Research Center Reno Field Station, 1340
 Financial Blvd., Suite 161, Reno, Nevada 89502

 ABSTRACT-Moapa coriacea is endemic to the headwaters (Warm Springs area) of the Muddy
 River, Clark County, Nevada. The Warm Springs area was snorkeled and Moapa coriacea and Gila
 seminuda enumerated in August 1994 after a fire, and in May 1997 after a diversion dam had been
 removed from the downstream end. Gila seminuda had been reported in greatest abundance down-
 stream from the Warm Springs area and we estimated the population there through mark and
 recapture from January to March 1995. There was a dramatic reduction in native fishes in the
 Warm Springs area between 1994 and 1997, coinciding with the invasion of Oreochromis aurea.
 Downstream from the Warm Springs area Gila seminuda was the most frequently netted species
 while 0. aurea was relatively scarce. The fish population (native and non-native) decreased in a
 downstream direction; the causative factor(s) have not been identified.

 RESUMEN-Moapa coriacea es end6mica de las aguas principales (airea de manantiales) del rio
 sucio en Clark County, Nevada. El irea de manantiales fue buceada y Moapa coriacea y Gila semi-
 nuda, enumeradeas en agosto de 1994 despues de un fuego y en mayo de 1997 despues de la
 desviaci6n de una presa, han sido removidas rio abajo. Gila seminuda ha sido reportada en gran

 abundancia rio abajo del iarea de los manantiales y hemos estimado la poblaci6n a travys de
 marcaje y recaptura de enero a marzo de 1995. Hubo una dramfitica reducci6n en peces nativos
 en al irea de los manantiales entre 1994 y 1997, coincidiendo con la invasi6n de Oreochromis aurea.
 Ri6 abajo del iarea de los manantiales Gila seminuda fue la especie capturada con mayor frecuencia
 mientras que 0. aurea fue relativamente escaza. La poblaci6n de peces (nativos y no nativos)
 disminuyo en direcci6n rio abajo; el factor(es) causante no ha sido identificado.

 The Muddy River (a.k.a Moapa River) is Ne-
 vada's only perennial tributary to the Colorado
 River. Yet, while connected to a large river sys-
 tem, its fish assemblage is characteristic of an
 isolated southwestern desert habitat, compris-
 ing few species, and harboring endemic forms.
 Contributing to species isolation is the thermal
 nature of the Muddy River (Hubbs and Miller,
 1948; La Rivers, 1962), originating from a se-
 ries of thermal springs emanating from a deep
 paleozoic carbonaceous aquifer (Eakin, 1964).
 Two of the river's four native fish species, Moa-
 pa coriacea (Moapa dace) and Crenichthys baileyi
 moapae (Moapa White River springfish), are
 thermophilic and endemic to the headwaters
 (Warm Springs area) typically in water temper-
 atures ranging from 26.0 to 32.00C (Hubbs and
 Miller, 1948). Because the Muddy River cools
 as it flows downstream, these fish are restricted

 to the Warm Springs area (Cross, 1976). Rhin-

 ichthys osculus moapae (Moapa speckled dace),
 also endemic (Williams, 1978), occupies the
 cooler water downstream from the Warm

 Springs area (Deacon and Bradley, 1972; Cross,
 1976). The Moapa roundtail chub (Gila robusta
 sp.) was recently synonymized with Virgin River
 chub (Gila seminuda; DeMarais et al., 1992)
 and now it is the only one of the four natives
 not found exclusively in the Muddy River, but
 occurs in the Virgin River (Utah, Arizona, and
 Nevada) as well. In the Muddy River, G. semi-
 nuda does occur in the Warm Springs area, but
 its greatest concentration is downstream (Dea-
 con and Bradley, 1972; Cross, 1976)

 Symptomatic of fishes of the southwest des-
 ert, Muddy River native fish populations have
 declined due to habitat alteration and intro-

 duction of non-native fishes (Deacon and
 Bradley, 1972; Scoppettone, 1993). There have
 been previous Muddy River fish surveys (Dea-
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 con and Bradley, 1972; Cross, 1976; Scoppet-
 tone et al., 1992), but since then there have
 been additional habitat alterations and the in-

 troduction of at least one new fish species (Or-
 eochromis aurea; blue tilapia), warranting an up-
 date in species status. Moapa coriacea is federally
 listed as endangered (U.S. Department of In-
 terior, 1973), and C. b. moapae and R o. moapae
 were category 2 species, considered for listing
 (U.S. Department of the Interior, 1991) until
 the designation was eliminated. Gila seminuda
 was federally listed as endangered in 1989 in
 the Virgin River (U.S. Fish and Wildlife Ser-
 vice, 1989), but listing of the Muddy River pop-
 ulation is predicated, in part, upon its distri-
 bution and abundance (U.S. Fish and Wildlife
 Service, 1995). Thus, in this paper we investi-
 gate the status of G. seminuda and, additionally,
 M. coriacea because M. coriacea is the most sus-

 ceptible to extinction and there had been re-
 cent perturbations to its very limited habitat. A
 flash fire swept through a tributary previously
 documented as containing almost one-third of
 the adult M. coriacea population. Also, a 1.5 m
 high dam was installed at the lower reach of
 the Warm Springs area, effectively impounding
 water to 1.5 km upstream. We surveyed the
 Warm Springs area in August 1994, six weeks
 after the fire and six years after the dam in-
 stallation, and again in May 1997, two years af-
 ter the dam had been removed.

 DESCRIPTION OF AREA-More than 20 springs
 and seeps emerge within a 2 km radius and
 unite in the upper Moapa Valley to form the
 Muddy River (Fig. 1). Cumulative discharge is
 about 1.1 m3/s (Eakin, 1964). Most springs are
 warm, between 32.0-33.00C (Garside and Schil-
 ling, 1979). We define the stream systems up-
 stream of a 0.6 m high concrete U.S. Geologi-
 cal Survey (USGS) gaging weir at Warm
 Springs Road (Fig. 1) as the "Warm Springs
 area." From its origin, here defined as the
 junction of the South and North forks, the
 Muddy River flows more than 40 km and dis-
 charges into the Overton Arm of Lake Mead.
 Despite its high mineral content, the Muddy
 River serves as a potable water source, is used
 to irrigate pasture and hay crops, and is a water
 source for a coal-fired power plant (Reid Gard-
 ner Station). Agricultural return flows add salt
 from mineral laden soils (U.S. Department of
 Agriculture, 1993); thus water conductivity in-

 creases markedly downstream (Deacon and
 Bradley, 1972).

 The Muddy River system has been greatly al-
 tered by human activity. In the Warm Springs
 area, spring-fed tributaries have been excavat-
 ed and natural channels replaced by concrete
 or earthen ditches. Approximately 30 m up-
 stream of the USGS gaging weir, a 1.5 m high
 gabion dam was installed in 1988 to divert wa-
 ter to Reid Gardner Station, 9 km downstream.

 The dam was removed in February 1995 and
 replaced by a no-head diversion system. Several
 springs have been pooled for recreational pur-
 poses and others have been capped and
 pumped. Reaches of the main stem have been
 channelized and straightened. There are sev-
 eral concrete diversion dams along its course,
 which supply water for irrigation.

 Native riparian vegetation is being replaced
 by non-native species. In the Warm Springs
 area, non-native fan palm (Washingtoniafilifera)
 is the predominant riparian species along two
 small tributary streams, and has become estab-
 lished throughout watercourses of the upper
 Moapa Valley. Non-native tamarisk (Tamarisk
 sp.) is the predominant riparian vegetation oc-
 curring along the length of the river system,
 and patches of native mesquite (Prosopis sp.),
 arrow weed (Pluchea sericea) and ash (Franzinua
 sp.) persist along the upper to middle reaches.

 In addition to four native fish species, 13
 non-native fishes are known from the Muddy
 River (Deacon and Bradley, 1972; Cross, 1976).
 The most recent introduction 0. aurea, native
 of Asia, was first observed immediately down-
 stream from the high USGS gaging weir, in
 1991 (Don Sada, Biological Consultant, Bish-
 op, California, pers. comm.).

 To protect M. coriacea, C. b. moapae, and
 Warm Springs area endemic invertebrates
 from the negative effects of non-native species
 and habitat destruction, the Moapa National
 Wildlife Refuge (MNWR) was established at
 one of the Warm Springs area spring provinces
 contributing to the flow of the Muddy River.
 Cumulative refuge spring flow was 0.09 m3/s.
 About 500 m in length, the stream within the
 confines of the refuge has supported up to 500
 M. coriacea and over 10,000 C. b. moapae adults
 with no non-native fishes (primary author, un-
 published), and its native fish population is iso-
 lated by a 0.75 m high barrier. Downstream
 from the refuge the stream extends an addi-
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 FIG. 1--Map of the Muddy River including Warm Springs area and three sections sampled with hoop
 nets.

 tional 700 m before discharging into the Mud-
 dy River. The riparian corridor was predomi-
 nated by fan palms downstream to the Apcar
 Stream and then deciduous trees predominat-
 ed. In June 1994 a flash fire burned through
 the Refuge Stream to the Muddy River, leaving
 charred palms without fronds. The palms were
 not killed and sprouted fronds within several
 weeks.

 MATERIALS AND METHODS-Warm Springs Area
 Counts-In the Warm Springs area, we used mask
 and snorkel to enumerate M. coriacea and G. semi-
 nuda greater than or equal to 40 mm FL. This meth-
 od was used because the water generally runs clear
 and M. coriacea and G. seminuda (of this size) were
 in open water and patchy in distribution. Crenichthys
 baileyi moapae was much more numerous and more
 frequently associated with more complex habitat, so
 we estimated its relative abundance and distribution

 rather than conduct enumeration. Two surveys were
 made, each over a three-day period; one during Au-
 gust 9-11, 1994 and the other May 8-10, 1997. The

 snorkel survey began about 200 m downstream from
 the USGS weir at Warm Springs Road Bridge and
 continued upstream to include the main stem Mud-
 dy River and its five primary tributaries, a total dis-
 tance of 5.9 km (Figure 1). Only M. coriacea was tar-
 geted for counting downstream of the USGS weir.
 Two pairs of snorkelers surveyed the mainstem, and
 one snorkeler the five tributaries.

 In this paper, river kilometer (rk) is measured
 downstream from the Muddy River origin.

 Downstream from Warm Springs Area-Mark and Recap-
 ture--Downstream from the Warm Springs area we
 used mark and recapture to estimate the G. seminuda
 population. Hoop nets were used for capture; they
 were 6.35 mm stretch- mesh, 1.60 m long, with a 0.66
 m opening and set with the mouth oriented down-
 stream.

 We focused our efforts on the 17.1 km of stream

 immediately downstream from the Warm Springs
 are (rk 3.1-20.2), which had previously been docu-
 mented as having the greatest concentration of G.
 seminuda (Deacon and Bradley, 1972; Cross, 1976;
 authors unpublished). We divided this reach into
 three sections, each defined by an impediment to
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 TABLE 1-Number of Moapa coriacea and Gila seminuda counted, and estimated number of Oreochromis
 aurea in the Warm Springs area.

 Moapa coriacea Gila seminuda Oreochromis aurea
 Location 1994 1997 1994 1997 1994 1997

 North Fork 426 106 1,200 0 0 >40
 South Fork 355 28 950 0 0 >30

 Muddy Spring 236 28 346 0 0 2
 Apcar Stream 407 528 871 1 0 >400
 Refuge Stream 313 595 330 0 0 >200
 Plummer Stream 0 20 0 0 0 0

 Muddy River 2,088 260 4,359 1 0 >300
 Total 3,841 1,565 8,056 2 0 >970

 fish movement. Section A was 4.0 km long with the
 0.6 m high USGS concrete weir upstream, and a 2.0
 m high concrete diversion dam downstream. Section
 B began at the diversion dam and extended down-
 stream 5.3 km to a 2.5 m high relic diversion dam
 at rk 12.4. Section C extended 7.8 km from the relic

 dam to Glendale Road Bridge (rk 20.2). There was
 no physical barrier at the downstream end of Sec-
 tion C.

 To capture G. seminuda for marking, hoop nets
 were fished from January 17, 1995, to March 12,
 1995. As many as 30 hoop nets were set at 40 m
 intervals; nets were fished overnight and then
 moved downstream, until the entire section had

 been sampled. For each net set, captured G. semi-
 nuda were measured, scanned for PIT (Passive In-
 tegrated Transponder) tag presence, and PIT-tagged
 in the abdominal cavity if the fish was 2120 mm FL
 and had not been previously tagged. Five to seven
 days after marking had been completed, nets were
 set in the lower, mid, and upper reach of the section
 to sample for marked and unmarked G. seminuda.
 Population estimates were made using a modified
 Petersen estimator (Ricker, 1975), which is predicat-
 ed upon a closed system, and fish randomly mixing.
 To test for random movement and whether fish re-

 mained within the section where they had been
 tagged, fish movement was tracked by giving each
 net an identification number and approximate lo-
 cation, using a Global Position System and scaled
 aerial photograph. A chi-square was used to test the
 hypothesis that recaptured fish would disperse up-
 stream and downstream with equal frequency.

 RESULTS-Warm Springs Area Counts---There
 was a reduction in the number of native fish

 between 1994 and 1997. Most notable the G.

 seminuda population dropped from over 8,000
 to 2 individuals (Table 1). Moapa coriacea went
 from 3,800 to fewer than 1,600 adults. Al-

 though we did not enumerate C. b. moapae, in

 1994 they were virtually 100% sympatric with
 M. coriacea, and they appeared numerous
 throughout the Warm Springs area. However,
 in 1997 C. b. moapa was rare in most of its
 range. Coinciding with native fish reduction in
 the Warm Springs area was the invasion of 0.
 aurea: none were observed upstream of the
 USGS weir in 1994, but in 1997 more than 900
 were sighted, many larger than 150 mm FL.
 Oreochromis aurea may have accessed the Warm
 Springs area when the Reid Gardner Station
 diversion dam was removed (April 1994) pro-
 viding sufficient flow to allow passage over the
 USGS weir.

 In 1997 over 65% of the remaining M. cori-
 acea were in areas which 0. aurea had appar-
 ently not invaded. In the Refuge Stream, 552
 of its 595 M. coriacea were found upstream of
 a series of falls where 0. aurea had not been

 sighted. Likewise, in the Apcar Stream, M. cor-
 iacea inhabited an area of dense Vallisneria,
 conditions which large (>70 mm FL) 0. aurea
 appeared to avoid or not yet invaded. Cren-
 ichthys baileyi moapae followed a similar pattern
 of distribution and were most abundant in

 those areas where M. coriacea was most abun-
 dant and 0. aurea were absent or few.

 In our 1994 survey of the MNWR it was ap-
 parent that the flash fire had killed or cause to
 relocate almost all the fish inhabitants. Only 34
 M. coriacea and fewer than 150 C. b. moapae
 were accounted for. Except for several shortfin
 molly (Poecilia mexicana), the Refuge Stream
 immediately downstream of MNWR was devoid
 of fish life downstream to the Apcar Stream.
 Most of the M. coriacea counted (296) along
 the Refuge Stream in 1994 were downstream
 from the Apcar Stream.
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 TABLE 2-Number and percent of total of fish of each species captured.

 Species Section A Section B Section C Total

 Gila seminuda 56.1% (806) 78.7% (1,921) 86.0% (671) 73.0% (3,398)
 Rhinichthys osculus moapae 13.7% (197) 19.0% (457) 6.9% (54) 14.8% (708)
 Moapa coriacea 0% (0) 0% (0) 0% (0) 0% (0)
 Cyprinus carpio 0% (0) 0.2% (5) 0.5% (4) 0.9% (9)
 Crenichthys baileyi moapae 0.7% (10) 0% (0) 0% (0) 0.3% (10)
 Poecilia mexicana 21.1% (303) 0.8% (18) 0.5% (4) 6.8% (325)
 Gambusia affinis 0% (0) 0% (0) 0% (0) 0% (0)
 Oreochromis aurea 8.5% (122) 1.4% (33) 1.3% (10) 3.5% (165)
 Ameiurus melas 0% (0) 0% (0) 4.7% (37) 0.8% (37)

 Downstream from Warm Springs Area-Mark and
 Recapture--Gila seminuda was the most fre-
 quently netted species (3,398) representing
 73.0% of the total captures, followed by R. o.
 moapa (708) representing 14.1%, and then O.
 aurea (Table 2). Fish captures declined in Sec-
 tion C. Gila seminuda captures dropped sub-
 stantially at rk 16, and remaining consistently
 low at downstream net sets (Fig. 2). Rhinichthys
 osculus moapae captures were almost nil at and
 downstream from rk 14.

 Movement of PIT-tagged G. seminuda indi-
 cated that they mixed randomly and did not
 leave the section in which they had been
 marked. Fish moved in Sections A, B, and C

 an average distance of 446, 927, and 993 m
 respectively, and there was no significant dif-
 ference in directional movement (x2 = 1.03, P
 = 0.30).

 There was an estimated 15,684 G. seminuda
 along the 17.1 km reach sampled (Table 3).
 The most was in Section B (11,123) and the
 fewest in section C (2,234). Captured G. semi-
 nuda tended to be smallest (X = 115 mm FL;
 SD = 21 mm) in Section B and largest (X =
 143 mm FL; SD = 25 mm) in Section C, and
 intermediate in length in Section A (X = 124
 mm FL; SD = 24 mm).

 DIscussIoN-Oreochromis aurea is the only
 non-native fish species to have become estab-
 lished in the Warm Springs area since Poecilia
 mexicana (short fin molly) in the early 1960s
 (Hubbs and Deacon, 1964), and we anticipate
 0. aurea will become a much greater threat to
 native fish persistence than have previous in-
 vaders. Where it has become established in

 Florida, 0. aurea has replaced natives and be-
 come the predominant fish species (Shafland,

 1979; Kohler and Courteney, 1986). Our 1997
 survey suggested that in less than three years,
 0. aurea had already reduced the number and
 distribution of Warm Springs area natives. At
 the time of our survey 0. aurea may still have
 been expanding in number and range, and the
 full negative effect on Warm Spring area native
 fish may not have occurred.

 The invasion of 0. aurea has elevated the im-

 portance of MNWR as a safe haven for the
 thermophilic M. coriacea and C. b. moapae, even
 though the June 1994 flash fire reduced the
 M. coriacea refuge population from about 500
 individuals to 34. Fire, with abundant fuel, has
 been documented to kill fish and cause local

 extinction in small streams (Rinne, 1996; Rie-
 man and Clayton, 1997). MNWR fish were
 probably killed by fire before they could es-
 cape. Dried palm fronds were an abundant,
 highly flammable fuel source, which cloaked
 the stream with ashes causing bank overflow.
 Within days after the fire, the remaining fish
 were concentrated near the spring source, and
 we speculate that they had survived by holding
 within spring sources at the time of the fire,
 and thus escaping the heat and chemical
 changes associated with highly fueled fires
 (Rinne, 1996; Rieman and Clayton, 1997). Our
 survey results prompted the removal of the
 highly flammable, albeit, fire resistant palms.
 Uprooting the large palms necessitated stream
 rehabilitation because hydraulic conditions
 conducive to all life stages of M. coriacea and
 C. b. moapae (Scoppettone et al., 1992; Scop-
 pettone, 1993) were greatly reduced, and the
 documented invasion of 0. aurea into the

 Warm Springs area required that this rehabil-
 itation be expedited. Additional M. coriacea
 and C. b. moapae have already begun to be re-
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 FIG. 2-The average number of fish captured at specific river kilometers throughout each of the three
 sample sections along the Muddy River.

 leased onto the refuge from other parts of the
 Warm Springs area.

 Before our 1994 survey, G. seminuda had
 been reported as less abundant than other fish-
 es in the Warm Springs area, including M. cor-
 iacea (Hubbs and Miller, 1948; Deacon and

 Bradley, 1972; Cross, 1976; Scoppettone et al.,
 1986); for example, in 1986 only 415 were
 counted compared with over 2,800 M. coriacea.
 Gila seminuda distribution was also more local-

 ized than M. coriacea and was primarily con-
 fined to the main stem Muddy River; they were
 sympatric with M. coriacea in only about 50%
 of the M. coriacea range. In the summer of
 1994, the G. seminuda population was greater
 than 8,000, most of which were <100 mm FL.
 It had spread to regions of the Warm Springs
 area where it had not been previously reported
 and sympatry incorporated about 90% of the
 M. coriacea range. We suspect that the im-
 pounded water created by the Reid Gardner
 Station power diversion dam encouraged the
 increase by creating suitable reproductive hab-
 itat. Whatever the cause, the increase of G. sem-

 TABLE 3-Population estimates for Gila seminuda
 along a 17.1 km reach of the Muddy River, Nevada.

 Population 95% confidence interval
 Section estimate Lower Upper

 A 2,327 1,481 3,173
 B 11,123 7,219 15,027
 C 2,234 2,186 2,283

 Total 15,684 13,235 18,133
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 inuda in this vicinity probably contributed to
 downstream recruitment.

 Results of our 1995 estimate indicated that

 G. seminuda was reasonably abundant down-
 stream from the Warm Springs area. Catch rate
 in our hoop-nets suggested G. seminuda was
 much more numerous than 0. aurea, which
 had established in the region by 1991. Al-
 though our hoop-nets were selective for larger
 fish, R. o. moapa was captured more frequently
 than 0. aurea. Thus, 0. aurea did not appear
 an immediate threat to replace native fishes
 downstream. We have renewed concerns, how-
 ever, for G. seminuda and R. o. moapa since the
 Warm Springs area now probably contributes
 0. aurea rather than G. seminuda recruits. Such

 changes the Muddy River should be moni-
 tored. The environmental phenomena leading
 to a marked decline in fishes approximately 14
 km downstream from the origin of the Muddy
 River also merits attention, since some of the
 apparently least disturbed and favorable native
 fish habitat harbored few or no fish. Deacon

 and Bradley (1972) found natives to decrease
 and non-native increase in a downstream di-

 rection, but we found a decrease in number of

 all species in a downstream direction. We con-
 ducted supplementary sampling three months
 prior to our hoop-net survey and found there
 were few fish downstream to Bowman Reser-

 voir diversion dam (rk 25; Fig. 1), and the
 stream seasonally dry and without native fishes
 downstream of Bowman Reservoir.

 Alteration of the Muddy River system has al-
 ready greatly reduced native fish habitat, but
 now non-native species threaten to replace na-
 tive fishes in the Warm Spring area, and the
 likelihood of fire from spread of fan palms in
 the basin is growing. Extraordinary measures
 may be needed to prevent extinction of the
 Muddy River native fishes.

 The following people assisted in the field effort:
 Chris Mace, Mike Whitemore, Sean Shea, Matt
 Speth, Jose Setka, Dan Waldeck, Cynthia Martinez,
 Donna Withers, Selena Werdon, and Jim Heinrich.
 We thank Tom Strekal and Selena Werdon for

 manuscript review. Additionally, we thank Nevada
 Power Company, Hidden Valley Ranch, Anderson
 Dairy Products, the Moapa Band of Paiute Indians,
 Palm Creek Resort, and all of the private landowners
 along the Muddy River for allowing access to the
 river via private property.
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Blue tilapia (Oreochromis aureus), native to
North Africa and the Middle East (Courtenay
and Robins 1973, Fuller et al. 1999), has been
introduced around the world as a human food
source, for vegetation control, and as a game
fish (Costa-Pierce and Riedel 2000). Blue tilapia
has been particularly successful in establish-
ing and spreading in North American waters
where it has been reported to change fish com-
munity structure and cause native fish decline
(Courtenay and Robins 1973, Fuller et al. 1999).
Because of these detrimental effects, it is now
generally considered an unwelcome introduc-
tion into North American waters (Dill and
Cordone 1997, Fuller et al. 1999).

The 1st known introduction of blue tilapia
in Nevada was in the Muddy River (a.k.a.
Moapa River), Clark County, Nevada, and its
arrival was followed by a decline in popula-
tions of native fishes (Scoppettone et al. 1998).
The Muddy River is a 40-km-long tributary to
the Colorado River system harboring 4 native
fishes, 2 of which are endemic. Moapa dace
(Moapa coriacea) and Moapa White River
springfish (Crenichthys baileyi moapae) are
known only from the headwaters of the Muddy
River, referred to as the Warm Springs area.
The river originates from over 20 thermal
springs feeding 6 primary tributaries (Fig. 1).
The native Virgin River chub (Gila seminuda)
also occurs in the Warm Springs area but is
considered thermal tolerant with greater abun-
dance downstream, while native speckled dace
occurs downstream from the Warm Springs
area (Deacon and Bradley 1972, Cross 1976,
Scoppettone 1993).

Blue tilapia was first observed in the Muddy
River in 1991 immediately downstream from

the Warm Springs area (Don Sada, Desert
Research Institute, personal communication).
It did not have access to the area, however,
until February 1995 when a 1.5-m-high diver-
sion dam was removed. Within 2 years of dam
removal, blue tilapia had invaded 90% of the
Warm Springs area, and there was a marked
decline in native fishes (Scoppettone et al.
1998). By February 2001, snorkel surveys indi-
cated that native fishes had been virtually
eliminated from sections of the Warm Springs
area accessible to and inhabited by blue tilapia
(James Heinrich, Nevada Department of Wild-
life, personal communication). Most of the re-
maining population of Moapa dace and Moapa
White River springfish occurred in a tributary
(Refuge Springs outflow) upstream of a natural
barrier that had been enhanced to prevent blue
tilapia movement upstream (Fig. 1). Endemic
fish habitat was reduced from about 5.9 km of
stream in the Warm Springs area prior to
tilapia invasion to <600 m (upstream of a bar-
rier) post-invasion. This development provides
strong circumstantial evidence that blue tilapia
was responsible for the decline of native fishes
in the Warm Springs area.

In its native habitat blue tilapia is described
as a filter-feeder, consuming zooplankton and
phytoplankton as well as aquatic vegetation
and some invertebrates (Spataru and Zorn 1978).
In the Warm Springs area we observed aquatic
vegetation declining after the blue tilapia in-
vasion, following which tilapia persisted in
robust numbers and native fishes declined.
We hypothesized that after blue tilapia began
to deplete aquatic vegetation, they switched to
fish consumption, which would be extraordi-
nary since piscivory has not been previously
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reported for blue tilapia. In this study we
investigate blue tilapia fish predation in the
Warm Springs area of the Muddy River.

The Warm Springs area spring systems and
river channel had been greatly altered and
were inhabited by nonnative mosquitofish
(Gambusia affinis) and shortfin molly (Poecilia
mexicana) for decades prior to blue tilapia
(Hubbs and Miller 1948, Hubbs and Deacon
1964, Scoppettone et al. 1998). This was the
case for the Apcar Spring outflow and the
mainstem Muddy River, source locations for
fish used in this investigation. The Apcar Spring
outflow was 1.1 km in length and flowed at
0.06 m3 ⋅ s–1, half of which was diverted for
municipal and agricultural use at the upstream
end. The stream channel was partially shaded
by ash (Fraxinus sp.), cottonwood (Populus sp.),
nonnative fan palm (Washingtonia filifera), and
tamarisk (Tamarix sp.). Before blue tilapia in-
troduction, approximately 90% of the stream
bottom was covered with the macrophyte Val-
lisneria. In the Warm Springs area the Muddy
River flowed in a deeply incised channel, and
the predominant riparian vegetation was tama-
risk and fan palms. Prior to tilapia entering the
Warm Springs area, Vallisneria carpeted the
main river channel almost 1 km upstream of

Warm Springs. A 0.6-m-high weir (USGS weir)
at Warm Springs Road approximated the be-
ginning of the Warm Springs area (Fig. 1).
Immediately upstream of the USGS weir, there
was a 1.5-m-high gabion dam that served to
divert water to the Reid-Gardner Power Plant
until it was replaced with a no-head diversion
system in February 1995.

We collected blue tilapia from the Apcar
Spring outflow (n = 161) on 10 December 1998
following rotenone treatment for tilapia eradi-
cation (Fig. 1). Several weeks prior to treat-
ment, we minnow-trapped Apcar Spring out-
flow to capture and relocate native fishes; 34
Moapa dace and several hundred Moapa White
River springfish were relocated. We also col-
lected blue tilapia (n = 35) along the Muddy
River upstream of Warm Springs Road to the
junction of the north and south forks, on 6
August 2000 using a 6.3-mm-mesh, 10.1-m-
long, 1.2-m-wide seine. Captured blue tilapia
were slit with a scalpel ventral to the digestive
tract, fixed in 10% formalin, and stored in 45%
ethanol. The Apcar blue tilapia were placed in
formalin within 20 minutes of their exposure
to rotenone, and Muddy River blue tilapia were
placed in formalin immediately after seining.
For each fish we measured standard length
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Fig. 1. Map of the Warm Springs area showing the Apcar Spring outflow and the Muddy River. Also shown is the
Refuge Spring outflow and tilapia barrier. In bold is the 600 m of stream habitat haboring virtually all remaining Moapa
dace and Moapa White River springfish in 2001. Inset shows the Muddy River system in relationship to State of Nevada
and Lake Mead.
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(SL) and total length (TL) to the nearest mm.
Standard length was also taken of prey fishes
retrieved from the gut that were sufficiently
intact to obtain an approximate measurement.
Stomach contents were examined and identi-
fied using a dissection microscope. Items con-
sumed were quantified by frequency of occur-
rence and mean percent by volume (Windell
1971). Invertebrates were categorized as aquatic
or terrestrial and fishes were identified to
species. For those fishes that had been exten-
sively digested, we used pharyngeal teeth,
otoliths, and scales for identification. We cor-
related predator (i.e., blue tilapia) SL with SL
of prey fish consumed. Significance of result-
ing correlation coefficients was tested using
Table R in Rohlf and Sokal (1995).

Fish were found in guts of blue tilapia col-
lected in the Apcar Spring outflow and the
Muddy River. In the Apcar Spring outflow, fish
were the predominant diet by frequency of
occurrence and percent by volume. Of 161
blue tilapia collected, 128 had food items in
the gut. Of these, 101 had consumed a total of
345 fish, accounting for 44% of the volume
consumed. Five had consumed a total of 11
Moapa dace, and 9 had consumed a total of 14
Moapa White River springfish (Table 1). Mos-
quitofish were the predominant fish taken, with
163 found in 42 stomachs; a 150-mm-SL blue
tilapia had consumed 25 mosquitofish. Mea-
surable fish prey ranged from 11.0 to 38.7 mm
SL, with Moapa dace the longest (Fig. 2).
There was a significant (n = 64, r = 0.44, P =
0.01) positive correlation between blue tilapia
SL and prey SL. Only 2 of 326 prey fish that
could be identified were shortfin molly even

though they were judged to represent over 50%
of the Apcar fish population.

In the Muddy River, 16 of 35 blue tilapia
collected had stomach contents: 33% by vol-
ume of the items consumed were fishes, 75%
of which were mosquitofish (24% by volume;
Table 1). Moapa White River springfish as prey
ranged from 17 mm to 19 mm SL. Two young
blue tilapia were part of the prey, accounting
for 6% by volume of the items ingested.

This study adds predation to the list of
mechanisms (competition for space, competi-
tion for food, and change in energy flow) by
which blue tilapia can cause native fish decline
(Gu et al. 1997, Moyle 2002). The long gut of
this species is characteristic of herbivory (Costa-
Pierce and Riedel 2000), but herbivory does
not preclude the ability to digest animal pro-
tein (Hofer and Schiemer 1981). Blue tilapia is
apparently a successful fish predator, with sev-
eral consuming numerous fish, including small
adult Moapa White River springfish and Moapa
dace. We also documented 2 occurrences of
cannibalism by the species.

Blue tilapia adjusts its feeding strategy to
reflect the relative abundance and composition
of available food (Gu et al. 1997), and we
found this adjustment may include fish con-
sumption. In the Apcar Spring outflow we
assume that blue tilapia switched its diet from
Vallisneria, after it was depleted, to fish. When
blue tilapia were first observed in the Apcar
Spring system in May 1997, over 400 were
counted. At that time much of the stream was
covered with Vallisneria, and the Moapa dace
population was extensive (>500), similar to
what had been counted in previous surveys 
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TABLE 1. Items ingested by blue tilapia (Oreochromis aureus) in 2 tributaries of the Warm Springs area by frequency
of occurrence (f) and percent by volume.

Apcar Spring 2/10/98 (n = 128) Muddy River 8/16/00 (n = 16)___________________________ __________________________
Food item f % volume f % volume

Mosquitofish 42 19.42 5 23.75
Shortfin molly 1 0.79 — —
Moapa dace 5 1.25 — —
Moapa White River springfish 9 2.89 1 3.75
Blue tilapia — — 1 5.63
Unidentified fish 44 19.52 — —
Aquatic invertebrates 31 3.28 2 4.69
Terrestrial invertebrates 2 0.80 — —
Plant 58 32.97 11 61.56
Digested matter 35 19.07 1 0.62
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(Scoppettone et al. 1992, 1998). In June 1997,
seven blue tilapia (140–240 mm fork length)
were captured and were full of Vallisneria
(James Heinrich personal communication), sug-
gesting it was their primary food source. By 9
December 1998, the Apcar outflow was de-
nuded and the Moapa dace population had
collapsed from >500 to <70 (James Harvey
personal communication). We collected fish
samples from Apcar Spring outflow at a time
when blue tilapia had switched diet but native
fishes had not yet been extirpated. We were
thus able to implicate blue tilapia piscivory as
a contributor to native fish decline.

The high number of fish taken in the Apcar
Spring outflow was not an artifact of rotenone
application (i.e., blue tilapia taking dead and
dying fish). First, with the application of
rotenone, blue tilapia moved immediately to
the water surface, gasping for air, with no indi-
cation of their preying on fish (James Heinrich
personal communication). Second, many of the
prey fish were in an advanced stage of diges-
tion, indicating they had been taken before
treatment. Lastly, blue tilapia seined from the
Muddy River had also consumed fish, which
was surprising since, other than blue tilapia
and shortfin mollies, native fish were extremely
rare when the Warm Springs area was snorkeled
in February 2000 (James Harvey personal com-
munication).

Blue tilapia has proven to be similar to
Mozambique tilapia (Oreochromis mossambi-
cus) in dietary plasticity (Maitipe and De Silva
1985) and ability to tolerate a broader range of
temperature (Stauffer et al. 1988) than most
tilapia. Since its introduction to the Muddy
River system, it has spread from the warm
water of the Muddy to seasonally cool waters
of Lake Mead and the Virgin River ( James
Heinrich personal communication). Thus, its
potential to spread into North American waters
is greater than once believed. This study sup-
ports the suggestion that blue tilapia has had a
detrimental effect in North American waters
and the recommendation that its introduction
and spread should be discouraged and existing
populations extirpated whenever possible.

We thank Cynthia Martinez of the U.S. Fish
and Wildlife Service for funding the project.
Specimens were collected by M. Franz, S.
Goodchild, J. Heinrich, and S. Reinbold. We
also thank Tom Strekal, Walter T. Courtenay,
Jr., Kristin Swaim, Misty Johnson, and Mark
Fabes for reviewing the manuscript.
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Fig. 2. Predator blue tilapia standard length (SL) in relation to SL of 3 prey species.
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Introduction 
 
 The upper Muddy River (Clark County, Nevada) and tributary thermal spring 
systems are inhabited by several rare, endemic species including the Moapa dace 
(Moapa coriacea).  Successful reproduction of Moapa dace has only been found in 
waters with a temperature range of 30-32° C, conditions which are limited to the upper 
reaches of five spring systems located in the Warm Springs area of Moapa Valley near  
Glendale, Nevada (Scoppetone et al. 1992).  The Moapa Dace is Federally-listed as an 
endangered species, and a recovery plan stresses habitat alteration, predation by non-
native fish, and flow reduction as factors that have adversely impacted survival of 
Moapa Dace populations (USFWS 1996). 
 
 The potential impacts of possible flow reductions in these thermal spring systems 
on Moapa dace and other aquatic species provided the impetus for the current study.  
Concern has been raised that regional ground water levels may be impacted by 
proposed expansion of groundwater pumping from wells.  A lowered groundwater table 
could influence flows emanating from the thermal springs that create the Moapa dace’s  
habitat (citation?). 
 
 The objectives of this study were to: 
 
  1) Calibrate and apply a water temperature model to a thermal   
 spring channel known to provide suitable habitat for Moapa Dace. 
 
  2) Simulate water temperature conditions and characterize the   
 thermal regime under scenarios of future flow conditions. 
 
This report presents the initial results of monitoring  and simulation modeling of water 
temperature for the Pedersen Warm Springs channel.  Additional data collection is 
ongoing and subsequent analysis and simulation is planned once an entire year of data 
are available.   
 
 
Study Site and Data Collection 
   
 A thermal spring system with one of the largest extant populations of Moapa 
dace is the Plummer - Pedersen (also spelled Pederson) warm springs complex, which 
originates on public land on the Moapa Valley National Wildlife Refuge (NWR).  The 
Pedersen-Plummer springs complex was formerly operated as a “Warm Springs Resort” 
during which time the natural pools were enlarged and altered to create public bathing 
pools.  Since acquiring the property in 19XX, the USFWS has been rehabilitating the 
channel in an effort to provide more natural habitat for the Moapa dace and other biota. 
 
 The Pedersen thermal spring system consists of several spring sources that 
emanate in close proximity to one another and combine to form a discrete channel with 
a flow of about 100 l/min (3.6 cfs).  Pools are present at several of the spring sources 
and the two largest (Pedersen and Pedersen East) are equipped with weirs and level 
recording equipment maintained by USGS (see Table 1 for gage information).  After 
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flowing northeast about 350 m  the main Pedersen spring channel drops through a 
flume before entering a culvert that conveys it under Warm Springs Road.  The slope of 
the channel within the Refuge is 0.033 m/m, with a drop of several meters occurring at a 
concrete-lined cascade that was constructed to obstruct passage of tilapia (non-native 
predators of Moapa dace).   

 
Table  1. USGS Gaging Stations at Moapa Valley National Wildlife Refuge.  Coordinates still to be 
entered. 

 
 
USGS 
Station ID 

Name Latitude Longitude 

    
09415908 Pederson East Spring Near Moapa, Nevada   
09415910 Pederson Spring Near Moapa, Nevada   
09415920 Warm Springs West Near Moapa, Nevada   
 

 
  
 Stream water temperature is most accurately simulated using numerical models 
when heat flux at the model boundaries is well quantified.  Quantifying flow and 
temperature of thermal spring systems can be difficult, when, as is typically the case, 
there are numerous spring sources, including seepage of groundwater directly into the 
channel.  Following an initial reconnaissance of the channel using a temperature and 
specific conductance probe, we selected a 220-m long segment of the Pedersen 
channel where there appeared to be minimal net accrual or loss of groundwater.   
Points for temperature monitoring were established and marked with rebar at eight 
points on the main channel as depicted in Figure 1. 
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Figure 1.  Longitudinal profile of Pedersen Spring Channel. 
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Figure 2  Aerial image of Moapa Valley Wildlife Refuge showing temperature monitoring stations 
on Pedersen Spring channel.  Note: this image will be redone to incease font size and correct 
fuzziness. 

 
Instantaneous measurements of water temperature were made using a YSI 600XL 
multiparameter sonde (accuracy +/- 0.15 °C).  The sonde was also used to determine 
specific conductance.  Water temperature was measured and logged on an hourly basis 
at four locations (T20, T30, T50, and T80) using Model 107 thermistors and either 
CR500 or CR10x data loggers (Campbell Scientific Inc).   
 
Local meteorologic conditions were measured with sensors mounted on a tripod 1.5 m 
off the ground and 3 m from the spring channel at Station T30.  Constituents included 
short wave radiation (Li-Cor Model LI200X), wind speed (RM Young Wing Sentry 
Anemometer), and air temperature/relative humidity (Vaisala HMP45C temperature/RH  
probe with self-aspirating radiation shield). 
 
Meteorologic data were available as well from an ET station operated by USGS USGS 
on the Muddy River approximately _ km from the Pedersen Spring Channel (Muddy 
River Springs site latitude 36o 41’ 27’’N, longitude 114o 41’ 16” W approximately 503 m 
(1650 ft) above sea level).  Measurements from the lower (4 m) set of sensors (0.5 m 
above mesquite trees) included air and soil temperature, net irradiance, relative 
humidity, and wind speed (Guy DeMeo, Nevada District, written communication).  
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Supplemental shortwave irradiance data were obtained from the Desert Rock, Nevada 
SURFRAD station operated by NOAA (site latitude 36o 63’ N, longitude 116o02’ 
elevation 1007 m). 
 

 
Figure 3.  Meteorologic station at location T30. 

  
The Stream Segment Temperature Model (SSTEMP; Bartholow 2002) was calibrated to 
the 220-m long segment of the Pedersen Spring channel between T20 and T80.  Based 
on inputs of meteorology, stream geometery, riparian shading, and hydrology, SSTEMP 
simulates downstream water temperature in a discrete segment of a flowing stream 
channel over a 24-hr day.  The program functions in steady state, and assumes that all 
inputs are mean daily values and are representative for the homogeneous segment 
modeled.  SSTEMP simulates the various heat flux processes that determine 
temperature change.  These physical processes include convection, conduction, 
evaporation, and flux (to and from the air) of short wave and longwave radiation.  The 
SSTEMP model is based on the Stream Network Temperature Model (SNTEMP; 
Theurer et al. 1984).   
 
Hydraulic characteristics of the Pedersen channel were obtained from a calibrated HEC 
RAS model (Otis Bay 2004).  A channel profile was surveyed using a Topcon total 
station with control data obtained for the USGS gaging stations (Table 1). 

SE ROA 47431

JA_14484



 
Thermal Habitat of Pedersen Warm Springs  
DRI – J.T. Brock  Draft – 25 Oct 2004 

8

Results 
 
Discharge 
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Figure 4.  Discharge of Pedersen Spring Channel at Warm Springs West  USGS Gage (#09415920) 

 
 
Downstream Temperature Profiles.   
 
Water temperature was measured at ten points on the channel profile from the 
Pedersen weir to the Warm Springs West flume (Table 2).  In most cases the maximum 
water temperature occurred at location T20 (111 m) and consistently decreased 
downstream.  The decreases downstream were relatively small and were maximum (0.7 
C) during the coldest measurement period.   
  

 
Table  2.  Location of stations along channel with distance from Pedersen Spring weir   
 
Description DISTANCE DISTANCE Notes 
 (ft) (m)  
Pedersen Weir 0   
T10 244 75
T20 364 111 Upstream Boundary of Temperature Model 
T30 511 156 Weather Station 
T40 677 206  
T50 810 247  
T60 887 270  
T70 1015 309  
T80 1087 331 Downstream Boundary of Temperature Model 
flume 1161 354
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Pedersen Spring Channel - Temperature Profiles
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Figure 5.  Temperature profiles of Pedersen Spring channel on 7 occasions (Dec 03 – Aug 04). 

 
Meterology 
 
A data record spanning an entire year was available for the Muddy River Springs ET 
site (30 July 2003 to 21 August 2004).   Results for air temperature are given in Figure 
6. 
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Air Temperature -  Muddy River ET Station - 2003
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Figure 6. Air Temperature (4 m above ground) at  Muddy River ET station.  Provisional USGS Data. 
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Figure 7. Air temperature (blue) and water temperature (pink) at Pedersen Spring T30 Station . 
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Pedersen Spring - Wind Speed
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Figure 8.  Wind speed at Pedersen Spring T30 Station. 

 
 
The air temperature at the Pedersen T30 station is plotted against air temperature at the 
Muddy River Springs ET station (Figure 9).  The Pedersen site tended to be slightly 
warmer than at Muddy River during the measurement period.   
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Figure 9.  Correlation plots for Muddy River and Pedersen Station T30 for air temperature, wind 
speed, relative humidity and irradiance for data collected during period 6 – 16 2003 Dec and 1 Apr- 
21 Aug 2004. 
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Muddy River ET station August 2003-July 2004
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Figure 10.  Monthly mean meteorologic conditions at Muddy River for period August 2003-July 
2004.  Source: USGS Provisional Data. 
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Figure 11. Pedersen Spring Channel temperature at stations T20, T30, T50 and T80. 
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Temperature Simulation Model  
 
 
The SSTEMP model simulates water temperature over a 24-hr day for a channel 
segment of homogeneous geometry.  For this application of SSTEMP we selected a 
segment of the Pedersen Spring channel that is relatively homogeneous and lacks 
measurable accretion.  The sources of input data used for the model  are summarized 
in Table  3.   A view of an example (in this case January) input screen for SSTEMP is 
provided  in Figure 12.   

 
Table 3   .  Source of Input Data for SSTEMP Model for period August 2003-July 2004 of 
Pedersen Spring Channel Segment. 

 
 

Category Parameter Description 
Hydrology Discharge Discharge based on annual mean 

gage data for Warm Springs West 
station with additional assumed 
reductions based on scenarios 

Geometry Elevation  
Segment Length 

field survey   

 Mannings n and width 
hydraulic coefficients 

HEC RAS results for pool  
(Otis Bay 2004) 

Meteorology  Air temperature Muddy River Springs mean monthly 
value adjusted for local conditions 
(see Table  ).   

 Wind Speed, Relative 
Humidity, ground temperature  

Muddy River Springs mean monthly 
value 

 Short Wave Radiation Desert Rock NOAA site 
 Thermal Gradient Used SSTEMP default 
 Shade Factor See Table  
 

 
Table 4   Mean monthly air temperature at Muddy River Springs ET station with adjusted air 
temperature for conditions at Pedersen based on regression equation given in Figure 9.  

 

Year Month 

Muddy 
River 
Mean 
(deg C) 

Mean 
Adjusted 
to 
Pedersen 
(deg C) 

2003 8 29.9 32.0 
  9 26.0 28.2 
  10 19.8 22.2 
  11 9.3 12.1 
  12 6.0 8.9 

2004 1 6.3 9.2 
  2 8.2 11.0 
  3 19.8 22.2 
  4 17.9 20.4 
  5 23.1 25.4 
  6 28.0 30.1 
  7 30.2 32.2 
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Table  5  .   Shade Factor used to attenuate unshaded solar radiation 

 
Month Shade Factor Average SW 

Irradiance 
(Langleys/d) 

Amount 
Transmitted to 
Water Surface 
(Langleys/d) 

January  0.9 274 247 
April 0.8 583 466 
July 0.7 703 492 

October 0.8 412 329 
 

 

 
Figure 12 Screen Shot of SSTEMP model for simulation of January conditions of Pedersen Spring 
Channel. 
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Model Performance 
 
The Pedersen Spring Segment SSTEMP model was calibrated to average conditions 
for the months January, April, July and October.  These months were selected because 
they represented either typical (April and October) or extreme (January and July) 
temperatures for each season.   Table 6 compares the simulated water temperature at 
the tail station (T80) of the modeled segment with the best available data that 
approximates observed conditions.   The simulated temperatures for each season with 
available data are within 0.03 °C of the simulated value.  A more rigorous assessment 
of closeness of fit between observed and simulated results will be possible once a full 
year of field data are collected. However, there is every indication that the water 
temperature simulation model is functioning as expected. 
 
 

 
Table 6 .  Observed compared with simulated values of water temperature at tail station 
(T80) of modeled Pedersen Spring Channel segment under full flow conditions (3.6 cfs). 

 
 
 

Period Observed 
instantaneous

Temp (°C) 

Simulated 
mean 

Temp (° C) 
January (6 Dec 03) 30.50 30.52 
April (1,24 Apr 04) 30.82 30.85 

July (3 Jul 04) 31.59 31.62 
October - 30.79 

 
 
 
Sensitivity Analysis 
 
SSTEMP performs a standard sensitivity analysis in which the simulated temperature at 
the tail of the model segment is determined and compared with the original result  
based on a 10% increase or decrease in the  magnitude of numerous variables.  
Results of the sensitivity analysis for January and July are presented in Figure 13. The 
variables that dominated the index of relative sensitivity were flow in and out of the 
segment and temperature of the inflow. 
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Figure 13.  Sensitivity analysis results of SSTEMP for January and July conditions 
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Simulated Water Temperature of Pedersen Spring Channel
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Figure 14.  Results of SSTEMP simulations of Pedersen Spring Channel water temperature. 

 
Table 6.  
 
Table   .  Summary of SSTEMP simulations of mean monthly water temperature for Pedersen Spring channel segment

January April

flow reduction 
(%) 67 30 20 10 0

flow reduction 
(%) 67 30 20 10 0

cms 0.034 0.071 0.082 0.092 0.102 cms 0.034 0.071 0.082 0.092 0.102
cfs 1.20 2.51 2.90 3.25 3.60 cfs 1.20 2.51 2.90 3.25 3.60

Distance (m) Distance (m)

1 31.19 31.20 31.20 31.20 31.20 1 31.29 31.30 31.30 31.30 31.30
55 30.75 30.96 30.99 31.01 31.03 55 31.00 31.14 31.16 31.17 31.18
110 30.32 30.73 30.78 30.82 30.86 110 30.70 30.98 31.02 31.05 31.07
165 29.89 30.50 30.58 30.64 30.69 165 30.42 30.83 30.88 30.92 30.96
220 29.47 30.27 30.38 30.46 30.52 220 30.14 30.68 30.75 30.80 30.85

July October

flow reduction 
(%) 67 30 20 10 0 flow reduction 

(%) 67 30 20 10 0

cms 0.034 0.071 0.082 0.092 0.102 cms 0.034 0.071 0.082 0.092 0.102
cfs 1.20 2.51 2.90 3.25 3.60 cfs 1.20 2.51 2.90 3.25 3.60

Distance (m) Distance (m)

1 31.80 31.80 31.80 31.80 31.80 1 31.19 31.20 31.20 31.20 31.20
55 31.68 31.74 31.75 31.75 31.76 55 30.93 31.05 31.07 31.08 31.09
110 31.56 31.68 31.69 31.70 31.71 110 30.66 30.90 30.95 30.97 30.99
165 31.45 31.61 31.64 31.65 31.67 165 30.40 30.76 30.82 30.86 30.89
220 31.33 31.56 31.58 31.61 31.62 220 30.14 30.61 30.70 30.75 30.79

Mean Temperature (deg C) Mean Temperature (deg C) 

Mean Temperature (deg C) Mean Temperature (deg C) 
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Table 7.  SSTEMP simulation results for water temperature as a function of distance from head 
of modeled segment for four flow scenarios.   Boxes highlight conditions with similar 
temperatures. 
 
flow (cfs) 3.60 3.25 2.90 2.50
% reduction 0.00 10.00 20.00 30.00

Distance from 
head of 
segment

0 31.20 31.20 31.20 31.20
10 31.17 31.16 31.16 31.16
20 31.14 31.13 31.12 31.12
30 31.11 31.10 31.09 31.07
40 31.08 31.06 31.05 31.03
50 31.05 31.03 31.01 30.99
60 31.02 30.99 30.98 30.95
70 30.99 30.96 30.94 30.91
80 30.95 30.93 30.90 30.86
90 30.92 30.89 30.87 30.82

100 30.89 30.86 30.83 30.78
110 30.86 30.82 30.79 30.74
120 30.83 30.79 30.75 30.70
130 30.80 30.76 30.72 30.65
140 30.77 30.72 30.68 30.61
150 30.74 30.69 30.64 30.57
160 30.71 30.65 30.61 30.53
170 30.68 30.62 30.57 30.49
180 30.64 30.59 30.53 30.44
190 30.61 30.55 30.50 30.40
200 30.58 30.52 30.46 30.36
210 30.55 30.48 30.42 30.32
220 30.52 30.45 30.38 30.28
230 30.49 30.42 30.35 30.23
240 30.46 30.38 30.31 30.19
250 30.43 30.35 30.27 30.15
260 30.40 30.31 30.24 30.11
270 30.37 30.28 30.20 30.07
280 30.33 30.25 30.16 30.02
290 30.30 30.21 30.13 29.98
300 30.27 30.18 30.09 29.94
310 30.24 30.14 30.05 29.90
320 30.21 30.11 30.01 29.86
330 30.18 30.08 29.98 29.81
340 30.15 30.04 29.94 29.77
350 30.12 30.01 29.90 29.73
360 30.09 29.97 29.87 29.69
370 30.06 29.94 29.83 29.65
380 30.02 29.91 29.79 29.60
390 29.99 29.87 29.76 29.56
400 29.96 29.84 29.72 29.52
410 29.93 29.80 29.68 29.48

Water Temp (deg C)
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Discussion  
 
 
Effect of Flow Reductions 
 
 
 In all 16 scenarios the simulated result of reductions in discharge of the spring 
was reduced water temperature (see Figure 14 and Table 6).  The results followed what 
one would expect, with the greatest impact of flow reduction occurring during winter 
(December) when air temperature is coldest relative to the temperature of the thermal 
spring channel.  In January, reduction in flow of 10%, 20%, 30% brought about a 
decrease respectively of 0.06 °C, 0.14°C , and 0.25 °C in the temperature of the spring 
channel at the end of the 220 m- long modeled segment.  
 
 Table 7 provides a means to scale these flow reductions into a change in thermal 
habitat for the aquatic biota.  During December, the simulated temperature at T80, the 
tail of the modeled segment (220 m) was 30.52 °C.  At a 10% reduction in flow, the 
model indicates indicate that the temperature of 30.52 °C would occur at a distance of 
200 m.  Similarly, at a 20% reduction in flow, the model indicates indicate that the 
temperature of 30.52 °C (actually 30.53 °C) would occur at a distance of 180 m.  A 
similar relative effect of flow reduction occurs from 20 to 30% flow reduction. In general, 
for the Pedersen channel a 10% reduction in flow would result in a shift upstream of the 
base tail temperature by 20 meters.  
 
 The understanding of Moapa Dace reproductive biology is that the species has a 
minimum temperature requirement (= reproductive threshold) of 30 °C to support 
successful reproduction (Scoppettone et al. 1992).  Simulation results indicate that 
these conditions would be met throughout the Pedersen temperature model segment on 
the FWR even under flow reduction of 30% during with the coldest annual conditions of 
December.  It would take a flow reduction in excess of 50% to bring about a sub-
threshold temperature condition (the scenario featuring 67% flow reduction resulted in a 
tail temperature of 29.47 °C ).  Although the subthreshold condition would not be 
expected to occur on the NWR at flow reductions of 30%, the amount of acceptable 
thermal habitat downstream from the refuge would be expected to be reduced at 
diminished flows.  In Table 7 the highlighted boxes show the points at which the 
simulated temperature drops below 30 °C .  Under current flow (3.60 cfs) conditions, the 
longitudinal extent of the channel above the 30 °C threshold  is located a distance of 
390 m.  At 30% flow reduction this point has moved upstream to 290 m, a loss of 100 m 
of acceptable thermal habitat.  
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 In summary, model results indicate that the flow reductions up to 30% of 
the Pedersen Spring Channel would not reduce the amount of habitat that meets 
the temperature requirements for Moapa dace on the Moapa Valley NWR, but 
would be expected to have an impact within a short distance (= a few hundred 
meters) downstream. 
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1.0 Introduction 

The relationship between the variables of width, depth, and velocity as a function of 

discharge is known as hydraulic geometry. The variation of these parameters can be 

viewed at both single cross sections (known as at-a-station hydraulic geometry) and along 

the length of a channel (known as downstream hydraulic geometry). The hydraulic 

characteristics (roughness, slope, etc.) of a given reach of channel or at a single cross 

section influence the observed width, depth, and velocity of water passing through the 

channel or cross_section at varying levels of discharge. Channel topographical survey 

data were collected at representative sections of the Pederson and Plummer spring 

channels in order to estimate the changes in width, depth, and velocity associated with 

potentially declining spring flows. 

This document discusses changes in width, depth, and velocity based on modeled 

decreases in discharge in the Pederson and Plummer channels. The results presented are 

based on the assumption that the overall shape of the channel cross section remains the 

same while a decrease in discharge occurs. Such an assumption yields results that more 

appropriately represent the near term changes in channel and hydraulic characteristics 

that would occur following a decrease in spring discharge. Therefore, this assumption 

results in a conservative estimate of the changes in width, depth, and velocity and does 

not address the additional changes in channel cross section that would likely occur 

following a decrease in discharge. Additional changes in channel cross section would 

likely occur due to decreased sediment transport capacity and vegetative encroachment. 
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2.0 Methods 

Channel cross section and stream discharge data were obtained at representative channel 

locations on the Pederson and Plummer spring channels. Cross sections were surveyed at 

both riffles and pools. A series of channel cross sections were surveyed at two segments 

within each spring channel. Cross sections were surveyed both above (upstream 

segments) and below (downstream segments) primary confluences within each spring 

channel. Channel cross sections and discharge measurements were obtained from above 

and below the confluence of the Pederson and Pederson East channels and above and 

below the confluence of the two primary tributaries of the Plummer channel. Discharge 

measurements were taken within each set of cross sections in order to calibrate a HEC­

RAS hydraulic model. Field discharge measurements were verified with gage records 

from the Pederson and Plummer spring gages. 

A step backwater hydraulic model (HEC-RAS v. 3.1) was constructed for each series of 

surveyed cross sections, calibrated with observed water surface elevations and estimated 

roughness coefficients, and performed at a sequence of percent flow reductions in order 

to determine at-a-station changes in width, depth, and velocity. Reductions in width, 

depth, and velocity were determined at each cross section. The reduction of these 

parameters in select riffle-pool pairs in the upstream and downstream segments of both 

the Pederson and Plummer channels are presented. Percent reductions in width, depth, 

and velocity were calculated based on the difference between modeled initial width, 

depth, and velocity within respective segments and the modeled width, depth, and 

velocity associated with the percent reductions in discharge. 

Reductions in habitat volume for riffles and pools were determined based on modeled 

wetted cross sectional area. Unit habitat volume loss was calculated by subtracting the 

reduced modeled cross sectional area from the initial modeled condition. Habitat volume 

loss was calculated based on 1) unit habitat volume loss and 2) a 100 feet long section of 

channel composed of 80% pool and 20 % riffle habitat. This approximation of relative 

riffle and pool abundance was based on average channel width and field observations. 
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The primary assumption made in the calculation of habitat volume loss is the assumed 

similarity of riffle and pool geometry throughout a 100 feet long representative channel 

segment. 

3.0 Results 

Declines in width, depth, and velocity associated with the modeled reduction of spring 

channel discharge at riffle-pool pairs in both the Pederson and Plummer channels are 

shown in Tables I and 2. Modeled hydraulic parameters (width, depth, and velocity) of 

select riffle-pool pairs within the upstream segments of the Pederson and Plummer spring 

channels and percent reductions of these variables with associated percent reductions in 

spring channel discharge are shown in Table 1. Modeled hydraulic parameters of select 

riffle-pool pairs within the downstream segments ofthe Pederson and Plummer spring 

channels and associated percent reductions of width, depth, and velocity are shown in 

Table 2. Habitat volume losses for riffle and pool habitat within the upstream and 

downstream segments of the spring channels are shown in Tables 3 and 4, respectively. 

The field observed discharges of 1.23 cfs and 0.29 cfs were used as the initial discharge 

in the series of modeled discharge reductions in the upstream segments of the Pederson 

and Plummer channels, respectively. Similarly, the observed discharges of 3.59 cfs and 

2.34 cfs were used as the initial discharge in the series of modeled discharge reductions in 

the downstream segments of the Pederson and Plummer channels, respectively. Because 

the exact loss of discharge in the spring channels due to a potential decline in 

groundwater elevation is presently unknown, the modeled 10% reduction in channel 

discharge will be described. This level of modeled discharge reduction within the 

downstream segment of the Pederson channel (3.2 cfs) also approximates the proposed 

minimum flow of 3.1 cfs at the Warm Springs West flume. 

As shown in Table 1, the modeled 10 % reduction in discharge within the Pederson 

upstream segment results in 3.7 %, 9.5 %, and 0.4 % reductions in width, depth, and 

velocity within the selected riffle and 3.6 %, 1.8 %, and 4.4 % reduction in width, depth, 
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and velocity within the selected pool. Percent reductions in width, depth, and velocity in 

the selected Pederson downstream segment riffle are 1.8 %, 4.7 %, and 4.4 %, 

respectively while the percent reductions in the pool are 1.8 %, 3.4 %, and 5.9 %, as 

shown in Table 2. 

As shown in Table 1, following the modeled 10 % reduction in discharge within the 

upstream segment of the Plummer channel, percent reductions of width, depth, and 

velocity at the riffle are 2.1 %,3.7 %, and 2.2 %, respectively, while percent reductions at 

the pool are 0.6 %, 1.6 %, and 7.1 %, respectively. Within the downstream segment of 

the Plummer channel, width, depth, and velocity were reduced by 0.9 %,5.4 %, and 4.0 

% within the selected riffle and by 5.3 %, 1.4 %, and 3.8 % in the selected pool, as shown 

in Table 2. 

Based on the modeled 10% reduction in discharge and associated decrease in wetted 

cross sectional area observed in the upstream segment of the Pederson channel, riffle and 

pool habitat volume loss within a 100 feet long section of channel would be 1.2 ft? and 

12.0 ft3, respectively, as shown in Table 3. Similarly, riffle and pool habitat volume loss 

within a 100 feet long channel segment would be 1.0 ft3 and 4.0 ft3, respectively, based 

on the decrease in cross sectional area observed in the upstream segment of the Plummer 

channeL The amount of habitat volume loss increases in the downstream direction due to 

increased discharge and channel cross sectional area. Therefore, as shown in Table 4, 

riffle and pool habitat volume loss within a 100 feet long section of channel was 

detennined to be 5.8 ft3 and 29.6 ft3, based on the reduction of cross sectional area within 

the downstream segment of the Pederson channel following a 10% decrease in discharge. 

Riffle and pool habitat volume loss within a 100 feet long segment would be 5.8 fe and 

15.2 ft3, respectively, based on the modeled 10% reduction in discharge within the 

downstream segment of the Plummer channel. 
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4.0 Discussion 

Moapa dace occur throughout the WarmSprings area in spring pools, spring outflow 

channels, and the mainstem of the Muddy River and utilize these different habitat types 

during separate life stages. Therefore, a potential decline in spring discharge would have 

repercussions throughout all ofthe habitat types utilized by Moapa dace. Larval dace 

occur most frequently in low velocity backwater and only in the upper reaches of spring 

channels. Juvenile dace inhabit areas with a wider range of water velocity, but are 

primarily observed in the spring channels tributary to the Muddy River. Adult dace are 

found in both the spring channels and mainstem of the Muddy River, but are observed 

most often in the river. Dace commonly feed at drift stations located in reaches of low to 

moderate water velocity often occurring at pools maintained by channel scour below 

riffles (Scoppettone et aI., 1987, 1992). Adult dace typically inhabit higher velocity 

water (3.6 to 3.0 ft/s) (Cross, 1976). Successful reproduction is only known to occur in 

the warm and low velocity water areas of the spring channels. Redds believed to be those 

of Moapa Dace have been observed in low velocity (0.125 to 0.25 ftls) water within the 

spring channel (Scoppettone et aI., 1992). 

Model results yield a reduction in width, depth, and velocity in both riffles and pools. 

The primary effect of diminished flow within the spring channels will be a decrease in 

the diversity of hydraulic habitat. A decrease in velocity and depth within riffles could 

result in decreased invertebrate (food) production. Drift stations in pools are maintained 

by the scouring effect of turbulent flow. Scour will decrease in pools as water velocity 

and depth at the upstream end of the pool decreases. Perhaps the most prominent impact 

that could occur, due to a decrease in discharge and subsequent decrease in depth, is the 

reduction of overall water volume within the spring channels. Scoppettone et al. (1992) 

have demonstrated that overall dace size is scaled to water volume. Thus, larger water 

volumes provide the habitat necessary for increased food production and subsequently 

larger fish. Larger fish produce more eggs and aid in the preservation ofthe population. 
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A variety of hydraulic habitat is required throughout the life stages of the Moapa dace. 

The modeling of a range of decreased flows in the headwater spring channels of the 

upper Muddy River resulted in a decrease in the hydraulic parameters of width, depth, 

and velocity. Decreases in these parameters will likely have an adverse impact on the 

overall diversity and quantity of hydraulic habitat. Additional factors that will influence 

channel and hydraulic characteristics within the spring channels following a decline in 

spring discharge include, but may not be limited to, changes in sediment transport rates 

and the alteration of riffle and pool maintenance that is accomplished by the present rate 

of discharge in each spring channel. Additionally, vegetative encroachment and 

subsequent channel obstruction may also occur as the wetted cross sectional area of the 

individual channels decreases and new surfaces for vegetative growth are created. 
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Table 1. Modeled hydraulic parameters and associated percent reductions at riffle-pool pairs 
in upstream segments of Pederson and Plummer spring channels. 

Width Depth velocity 
Discharge Width Depth Velocity Reduction Reduction Reduction 

(cfs) (ft) (ft) (ftls) (%) (%) (%) 

Pederson Riffle 
Upstream Segment CS 4 1.23 2.43 0.21 2.42 0.0 0.0 0.0 

1.11 2.34 0.19 2.41 3.7 9.5 0.4 
0.98 2.28 0.18 2.4 6.2 14.3 0.8 
0.86 2.21 0.17 2.34 9.1 19.0 3.3 
0.74 2.15 0.15 2.22 11.5 28.6 8.3 
0.62 2.07 0.14 2.13 14.8 33.3 12.0 
0.49 1.93 0.13 2.01 20.6 38.1 16.9 
0.37 1.72 0.11 1.9 29.2 47.6 21.5 
0.25 1.46 0.1 1.77 39.9 52.4 26.9 
0.12 1.09 0.Q7 1.52 55.1 66.7 37.2 

Pederson Pool 
Upstream Segment CS 3 1.23 4.77 0.57 0.45 0.0 0.0 0.0 

1.11 4.6 0.56 0.43 3.6 1.8 4.4 
0.98 4.39 0.54 0.41 8.0 5.3 8.9 
0.86 4.17 0.53 0.39 12.6 7.0 13.3 
0.74 3.95 0.52 0.36 17.2 8.8 20.0 
0.62 3.71 0.51 0.33 22.2 10.5 26.7 
0.49 3.48 0.49 0.29 27.0 14.0 35.6 
0.37 3.31 0.46 0.25 30.6 19.3 44.4 
0.25 3.1 0.42 0.19 35.0 26.3 57.8 
0.12 2.81 0.36 0.12 41.1 36.8 73.3 

Plummer Riffle 
Upstream Segment CS 4 0.29 2.34 0.27 0.46 0.0 0.0 0.0 

0.26 2.29 0.26 0.45 2.1 3.7 2.2 
0.23 2.23 0.24 0.43 4.7 11.1 6.5 
0.2 2.17 0.23 0.4 7.3 14.8 13.0 

0.17 2.1 0.21 0.38 10.3 22.2 17.4 
0.15 2.05 0.2 0.36 12.4 25.9 21.7 
0.12 1.98 0.18 0.33 15.4 33.3 28.3 
0.09 1.88 0.16 0.3 19.7 40.7 34.8 
0.06 1.78 0.14 0.25 23.9 48.1 45.7 
0.03 1.54 0.11 0.18 34.2 59.3 60.9 

Plummer Pool 
Upstream Segment CS 3 0.29 3.14 0.64 0.14 0.0 0.0 0.0 

0.26 3.12 0.63 0.13 0.6 1.6 7.1 
0.23 3.09 0.62 0.12 1.6 3.1 14.3 
0.2 3.06 0.61 0.11 2.5 4.7 21.4 
0.17 3.04 0.59 0.09 3.2 7.8 35.7 
0.15 3.01 0.58 0.09 4.1 9.4 35.7 
0.12 2.98 0.57 0.07 5.1 10.9 50.0 
0.09 2.94 0.55 0.06 6.4 14.1 57.1 
0.06 2.89 0.53 0.04 8.0 17.2 71.4 
0.03 2.83 0.5 0.02 9.9 21.9 85.7 
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Table 2. Modeled hydraulic parameters and associated percent reductions at riffle-pool pairs 
in downstream segments of Pederson and Plummer spring channels. 

Wldih Depth 
Discharge Width Velocity Reduction Reduction Velocity 

(cfs) (ft) Depth (ft) (ftfs) (%) (%) Reduction (%) 

Pederson Riffle 
Downstream Segment CS 5 3.59 6.22 0.64 0.9 0.0 0.0 0.0 

3.2 6.11 0.61 0.86 1.8 4.7 4.4 
2.8 6 0.56 0.83 3.5 12.5 7.8 
2.4 5.87 0.52 0.79 5.6 18.8 12.2 
2 5.73 0.47 0.75 7.9 26.6 16.7 

1.6 5.57 0.4 0.71 10.5 37.5 21.1 
1.2 5.38 0.33 0.68 13.5 48.4 24.4 
0.8 5.\3 0.23 0.69 17.5 64.1 23.3 
0.4 2.82 0.18 0.81 54.7 71.9 10.0 

Pederson Pool 
Downstream Segment CS 4 3.59 7.87 0.89 0.51 0.0 0.0 0.0 

3.2 7.73 0.86 0.48 1.8 3.4 5.9 
2.8 7.57 0.82 0.45 3.8 7.9 11.8 
2.4 7.4 0.78 0.41 6.0 12.4 19.6 
2 7.2 0.74 0.38 8.5 16.9 25.5 

1.6 6.98 0.69 0.33 11.3 22.5 35.3 
1.2 6.7 0.63 0.29 14.9 29.2 43.1 
0.8 6.35 0.54 0.23 19.3 39.3 54.9 
0.4 5.84 0.42 0.16 25.8 52.8 68.6 

Plummer Riffle 
Downstream Segment CS 4 2.34 6.34 0.74 0.5 0.0 0.0 0.0 

2.11 6.28 0.7 0.48 0.9 5.4 4.0 
1.87 6.22 0.66 0.46 1.9 10.8 8.0 
1.64 6.07 0.56 0.48 4.3 24.3 4.0 
1.4 5.98 0.51 0.46 5.7 31.1 8.0 

1.17 5.84 0.45 0.45 7.9 39.2 10.0 
0.94 5.44 0.4 0.43 14.2 45.9 14.0 
0.7 5.18 0.33 0.41 18.3 55.4 18.0 

0.47 5.02 0.25 0.38 20.8 66.2 24.0 
0.23 4.8 0.13 0.36 24.3 82.4 28.0 

Plummer Pool 
Downstream Segment CS 3 2.34 4.34 0.69 0.79 0.0 0.0 0.0 

2.11 4.11 0.68 0.76 5.3 1.4 3.8 
1.87 3.96 0.66 0.72 8.8 4.3 8.9 
1.64 3.57 0.61 0.76 17.7 11.6 3.8 
1.4 3.35 0.58 0.72 22.8 15.9 8.9 

1.17 3.12 0.55 0.68 28.1 20.3 13.9 
0.94 2.86 0.52 0.63 34.1 24.6 20.3 
0.7 2.63 0.47 0.56 39.4 31.9 29.1 

0.47 2.47 0.41 0.47 43.1 40.6 40.5 
0.23 2.26 0.32 0.32 47.9 53.6 59.5 
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Table 3. Modeled cross-sectional area and associated habitat volume loss based 
on riffle-pool pairs in upstream segments of Pederson and Plummer spring channels. 

Discharge Area 
Area Unit Habitat Habitat 

Reduction Volume Loss'" Volume Loss 
(cfs) (ft2) 

(%) (ft3) u (fi?) 

Pederson Riffle 
Upstream Segment CS 4 1.23 0.51 0.0 0.0 0.0 

1.11 0.45 11.8 0.1 1.2 
0.98 0.41 19.6 0.1 2.0 
0.86 0.37 27.5 0.1 2.8 
0.74 0.33 35.3 0.2 3.6 
0.62 0.29 43.1 0.2 4.4 
0.49 0.24 52.9 0.3 5.4 
0.37 0.19 62.7 0.3 6.4 
0.25 0.14 72.5 0.4 7.4 
0.12 0.08 84.3 0.4 8.6 

Pederson Pool 
Upstream Segment CS 3 1.23 2.71 0.0 0.0 0.0 

1.11 2.56 5.5 0.2 12.0 
0.98 2.39 11.8 0.3 25.6 
0.86 2.22 18.1 0.5 39.2 
0.74 2.06 24.0 0.7 52.0 
0.62 1.89 30.3 0.8 65.6 
0.49 1.7 37.3 1.0 80.8 
0.37 1.5 44.6 1.2 96.8 
0.25 1.29 52.4 1.4 113.6 
0.12 1.02 62.4 1.7 135.2 

Plummer Riffle 
Upstream Segment CS 4 0.29 0.63 0.0 0.0 0.0 

0.26 0.58 7.9 0.1 1.0 
0.23 0.54 14.3 0.1 1.8 
0.2 0.5 20.6 0.1 2.6 

0.17 0.45 28.6 0.2 3.6 
0.15 0.42 33.3 0.2 4.2 
0.12 0.36 42.9 0.3 5.4 
0.09 0.3 52.4 0.3 6.6 
0.06 0.24 61.9 0.4 7.8 
0.Q3 0.16 74.6 0.5 9.4 

Plummer Pool 
Upstream Segment CS 3 0.29 2.01 0.0 0.0 0.0 

0.26 1.96 2.5 0.0 4.0 
0.23 1.91 5.0 0.1 8.0 
0.2 1.85 8.0 0.2 12.8 

0.17 1.8 10.4 0.2 16.8 
0.15 1.76 12.4 0.3 20.0 
0.12 1.69 15.9 0.3 25.6 
0.09 1.61 19.9 0.4 32.0 
0.06 1.53 23.9 0.5 38.4 
0.Q3 1.42 29.4 0.6 47.2 

'" Indicates decrease in riffle or pool volume per linear foot of channel. 
** Indicates decrease in riffle or pool volume based on 100 feet of channel with 

80 % pool habitat and 20% riffle habitat. 
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Table 4. Modeled cross-sectional area and associated habitat volume loss based 
on riffle-pool pairs in downstream segments of Pederson and Plummer spring channels. 

Area Area Unit Habitat Habitat 
Discharge 

Reduction Volume Loss· Volume Loss 
(cfs) (ft2) 

(%) (ft3) •• (ft3) 

Pederson Riffle 
Downstream Segment CS 5 3.59 4.00 0.0 0.0 0.0 

3.2 3.71 7.3 0.3 5.8 
2.8 3.39 15.3 0.6 12.2 
2.4 3.04 24.0 1.0 19.2 
2 2.67 33.3 1.3 26.6 

1.6 2.25 43.8 1.8 35.0 
1.2 1.77 55.8 2.2 44.6 
0.8 1.16 71.0 2.8 56.8 
0.4 0.50 87.5 3.5 70.0 

Pederson Pool 
Downstream Segment CS 4 3.59 6.99 0.0 0.0 0.0 

3.2 6.62 5.3 0.4 29.6 
2.8 6.22 11.0 0.8 61.6 
2.4 5.79 17.2 1.2 96.0 
2 5.31 24.0 1.7 134.4 

1.6 4.79 31.5 2.2 176.0 
1.2 4.20 39.9 2.8 223.2 
0.8 3.46 50.5 3.5 282.4 
0.4 2.46 64.8 4.5 362.4 

Plummer Riffle 
Downstream Segment CS 4 2.34 4.68 0.0 0.0 0.0 

2.11 4.39 6.2 0.3 5.8 
1.87 4.09 12.6 0.6 11.8 
1.64 3.43 26.7 1.3 25.0 
1.4 3.02 35.5 1.7 33.2 

1.17 2.61 44.2 2.1 41.4 
0.94 2.18 53.4 2.5 50.0 
0.7 1.71 63.5 3.0 59.4 

0.47 1.23 73.7 3.5 69.0 
0.23 0.64 86.3 4.0 80.8 

Plummer Pool 
Downstream Segment CS 3 2.34 2.98 0.0 0.0 0.0 

2.11 2.79 6.4 0.2 15.2 
1.87 2.60 12.8 0.4 30.4 
1.64 2.17 27.2 0.8 64.8 
1.4 1.94 34.9 1.0 83.2 

1.17 1.71 42.6 1.3 101.6 
0.94 1.48 50.3 1.5 120.0 
0.7 1.24 58.4 1.7 139.2 

0.47 1.00 66.4 2.0 158.4 
0.23 0.72 75.8 2.3 180.8 

• Indicates decrease in riffle or pool volume per linear foot of channel. 
** Indicates decrease in riffle or pool volume based on 100 feet of channel with 

80 % pool habitat and 20% riffle habitat. 
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