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AMARGOSA CONSERVANCY PROTEST OF WATER RIGHT APPLICATION 85386E

EXHIBIT A: BASIS FOR PROTEST

The Amargosa Conservancy, a 501(c)(3) California and Nevada non-profit corporation based in
Shoshone, California, is formally filing a protest on water right application 85386E. This
application was filed in Nevada Hydrographic Basin #230, by Rockview Dairies Inc. on August
14, 2015. The Conservancy’s board, employees and membership hike, bird watch, and enjoy the
natural communities in both California and Nevada that are dependent on the flow of
groundwater in the bi-state aquifers that the dairy’s pumping application would affect.

Basin #230 is severely overallocated, with 27,320 acre-feet of committed groundwater rights in
addition to 17,000 acre-feet of certified federal reserve water rights for the US Fish and Wildlife
Service at Ash Meadows National Wildlife Reserve, bringing the total allocation of water rights
in Basin #230 to 44,320 acre-feet annually. The Nevada DWR’s very optimistic perennial yield
estimate is 24,000 acre-fect per year, meaning that the basin is 184% allocated. Thus, there is no
available water to allocate the applicant for this application.

Additionally groundwater pumping within Basin #230 would put the federally listed Amargosa
niterwort (Nitrophila mohavensis) into jeopardy, as it is entirely reliant on sustained groundwater
levels in the Carson Slough area. Carson Slough receives groundwater discharge from the waters
flowing underneath Basin #230, and as a result there should be a US Fish and Wildlife Service
consultation prior to any further allocations of water rights, even temporary.

Further, recent scientific investigations have revealed that there is a direct hydrologic connection
between Basin #230 and the Middle Amargosa Basin in California. More specifically, it has been
demonstrated that groundwater discharging at the springs of the Middle Amargosa Basin is at
least partially sourced from groundwater flowing undemeath Basin #230. Groundwater pumping
in Basin #230 is already likely impacting spring flows in the Middle Amargosa Basin. Although
this has not been empirically verified, anecdotal reports on historic flow rates suggests that it is
true. More importantly the hydrologic connection has been conclusively established through
geochemical analysis, proving that drawdown in Basin #230 will impact groundwater discharge
in the Middle Amargosa Basin over time. This data and analysis was presented in the State of the
Basin Report 2014, prepared by hydrogeologist Andy Zdon. It has been attached to this protest.

Most pertinent to the discussion of the Middle Amargosa Basin is the fact that the Bureau of
Land Management holds unadjudicated federal reserve water rights along the Amargosa Wild
and Scenic River and in the Kingston Range Wilderness Area. The waters for which these
resources were designated originate in the aforementioned springs. Public Law 111-11
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EXECUTIVE SUMMARY

In 2009, the Amargosa River between Shoshone and the terminus of the Amargosa Canyon received
Wild and Scenic status through an act of Congress. As a result, the BLM is charged with developing a
management plan for the Wild and Scenic portion of the River. It is essential that hydrogeologic
characterization of the California portion of the basin take place in order for that management plan, and
its associated management recommendations, to have a firm basis, and to assure that monitoting is
conducted in a meaningful way to identify potential impacts to the river and its feeder springs before

potential irreversible impacts from future groundwater development occur.

This 2014 State of the Basin Repott (SOBR) was prepared by Andy Zdon & Associates, Inc. (AZI) on
behalf of The Nature Conservancy (TINC) as patt of a much larger effort that is conducted cooperatively
between the TNC, U.S. Bureau of Land Management (BLM}, U.S. Geologteal Sutvey (USGS), Amarpgosa
Conservancy (AC), and Nye and Inyo Countes. It provides an update of wotk conducted since the last
State of the Basin Report produced in eady 2012. The goal of the overall project is to improve the
understanding of the water that sustains the Amargosa River and the desett ecosysterns that floutish along
the river and its adjoining springs, and to provide the knowledge necessary to identify and avert impacts
to those water sources. The information herein also provides the basis for recommendations provided
for inclusion into a management plan for the Amargosa Wild & Scenic River (WSR). The purpose of the
work conducted as part of the current scope is to provide important new information and conduct
continuing bascline spring and groundwatet-level monitoring, and prepate this SOBR.

In addition to the WSR, the area contains many small sptings that provide important watering sources
for wildlife. ‘These types of watering holes frequently get overlooked in regional hydtologic investigations
because they represent such a small pottion of the overall water budget. This is unfortunate as these
sensitive receptors are ctitically important tesources for vegetation and resident and migratory wildlife.
Identification and monitoring of these watering holes is important in order for future land and water

resource management in the area to have a firm ecological basis.

The prindpal surface water body in the region, the Amargosa River, is an intermittent river with
headwaters issuing from springs northeast of Beatty, Nevada, and extending approximately 180 miles to
the river’s terminus at the playa in Death Valley. Except for portions of the river in the Amargosa Canyon
area in California, and near Beatty, Nevada, the Amargosa River typically flows only after periodic storms.
In those areas where the river is usually dty, the flow of water, where present, is in the subsutface, In areas
where surface flow is more constant, or perennial, the flow is the result of groundwater undetflow
teaching bedrock or other relatively impermeable constricions and being dtiven to the surface. This
results in a flow regime highly sensitive to groundwater level changes. Given this condition, it appears
that a considerable portion of the undetflow moving through the Middle Amargosa system can be
accounted for by the flow observed at the surface, for example, in the Amargosa River canyon plus spring
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discharge and any pumping. This does not result in a substantial amount of underflow, and further
highlights the sensitive nature of the tiver system.

The principal tasks during this recent phase of this project wete isotope sampling of selected springs in
the Tecopa area, and the continued monitoring of spring flow, river flow and groundwater levels in the
Middle Amargosa River Basin, an atea encompassing nearly 1,000 square miles. Among the results of
the current geochemical work were indications that spring sources within the study atea are complex and
from multiple sources. Groundwater from Ash Meadows, along with recharge from the Spring
Mountains and the Kingston Range all contribute to the groundwater and river system. Flow paths likely

include one or more of the following:

® Spring Mountain recharge moving toward Ash Meadows through catbonate rocks and basin fill
then southward toward the Shoshone-Tecopa area;

® Via carbonate rocks at the notth end of the Nopah Range into Chicago Valley then toward the
Amargosa Valley; and,

® From Pahrump Valley via the shallow divide into California Valley then toward the Amargosa
River.

Among the findings are that the source of beat in the local thermal springs is likely deep circulation of
water along deep-seated faults as opposed to the presence of a shallow heat source (e.g. magmatic). The
heat associated with this deep groundwater movement likely effects groundwater chemistry as could the
surficial deposits from which the springs discharge.

This SOBR closes with technical recommendations for:
* Monitoring (hydrologic, visual, and monitoring current and potential water use):

¢ Future investigative work (including new monitoring wells, geophysics and additional
geochemical studies);

¢ The development of a management tool (Le. groundwater flow model); and,

* Recommendations for an adaptive approach to management of the Amargosa WSR that is
flexible enough to evolve with our ever-growing knowledge of the Amargosa River and the
groundwater system that feeds it.
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1.0 INTRODUCTION

This State of the Basin Report (SOBR) was prepared by Andy Zdon & Associates, Inc. (AZI) on behalf
of The Nature Conservancy (TNC) as part of a much larger effort that is being conducted between TNC,
Amargosa Conservancy (AC), US. Burean of Tand Management (BLM), the U.8. Geological Survey
(USGS) and Nye and Inyo Counties. The goals of the overall project are to improve the understanding
of the water that sustains the Amargosa River and the desert ecosystems that flourish along the tiver, and
its adjoining springs, and to provide the knowledge necessary to identify and avert impacts to those water
sources. ‘The purpose of the work conducted as part of the current scope is to improve our understanding
of the groundwater flow paths to the Amargosa River and surrounding springs, and to continue to
develop baseline spring, river flow, and groundwater-level monitoring, and to prepare a SOBR.

In 2009, the Amargosa River between Shoshone and the terminus of the Amargosa Canyon received
Wild and Scenic status through an act of Congress. As a result, the BLM is charged with developing a
management plan for the Wild and Scenic portion of the River. It is essential that hydrogeologic
characterization of the California portion of the basin take place in order for that management plan, and
its associated management recommendations, to have firm basis, and to assure that monitoting is
conducted in a meaningful way to identify potential impacts to the river and its feeder springs before

potential irreversible impacts from future groundwater development occur.

Many of the springs that feed the Amargosa River are relatively small springs that individually are not
significant components to the overall area water budget. Additonally, other small springs and watering
holes are present away from the Amargosa River. All of these sprngs, regardless of size and/or location,
are important ecological resources. This SOBR provides up-to-date hydrologic information and a
current, real-time snapshot of water resource conditions in the Middle Amargosa Basin area. As
mentioned above, springs and watering holes such as those identified in this SOBR are frequenty
overlooked in hydrologic investigations since their discharges are frequently inconsequential to the overall
water budget of the area being studied. This is unfortunate as these sensitive receptors are ctitically
important resources for vegetation, and wildlife (both resident and migratory). Itis essential that baseline
hydrologic characterization of the region take place in order for future land and water resource
management to have a firm basis.

This project is an important starting point into the investigation of the hydrogeology of the Amargosa
Basin south of the Nevada state line. Prior to the initial teconnaissance work conducted by the Source
Group, Inc. (SGI) during 2010-2011 (SGT, 2011), regional hydrogeologic investigations in the California
portion of the basin have been virtually non-existent. The discussions regarding the California pottion
of the basin therefore have been more conceptual in nature than those regarding the Nevada portion of
the basin.

The objectves of the current project described in this report were to:

1-1
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¢ Conduct new groundwater geochemical analyses to evaluate potential groundwater flow paths;

* Enhance previous reconnaissance-level information on the springs of the southern half of the
Amargosa Basin, generally between Death Valley Junction and Saratoga Spting;

¢ Continue to develop an undetstanding of Amargosa River conditions in the southern half of the
basin;

® Describe the results of groundwater-level monitoting and evaluate potential future monitoring

locatons; and,

¢ Continue to enhance the conceptual model of the Amargosa Basin with an emphasis on the
southern haif of the basin.

11 Current Scope of Work

The current scope of work included the following tasks:

® ‘Task 1 — Comprehensive monitoting of springs, groundwater levels and river flow;
® Task 2 — Sampling and analysis of water from selected springs and one well in the study area; and,

» Task 3 — Data analysis and preparation of this SOBR.

1.1.1  Discharge, Groundwater Level, and Scepage Run Monitoring

Flow discharge and groundwater elevation measurements have been collected on a petiodic basis from a
select group of sptings and wells within the southern Amargosa River area since November 2010 as part
of studies conducted by the AC and TNC. The current scope included seepage run monitoring on the
stretch of the Amargosa River from Tecopa to the Dumont Dunes area and consisted of five distinct
monitoring locations (including the two USGS gauges, and three manual monitoring points). Basic water
quality data were also collected at all discharge, elevation and seepage run monitoring points.

1.1.2  Water Chemistry Data Collection

Water samples from four springs, and one well werte collected and analyzed for a specific suite of
constituents. Noble gas analyses were conducted on water samples from Thom Spring, Tecopa Hot
Springs, Borehole Spring, Wild Bath Spting and Monitoring Well ARHS-01. Noble gas laboratory analysis
was conducted by the University of Utah. Water samples were collected from ARHS-01, Twelvemile
Spring and Dodge City Spring for stable isotope analyses. Stable isotope analyses were conducted by
Isotech Laboratories, Inc. A water sample from Dodge City Spring was sampled for general minerals
and metals analysis, and was analyzed by Silver State Analytical, Inc., in Las Vegas, Nevada. M.L.
Davisson & Associates was retained to provide high-level expert analysis and interpretation.

1-2
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1.1.3 Data Assessment and Repotting

This task included the time requited to analyze the data obtained from the springs and wells, along with
the newly collected data from AZI and other sources to be compiled in this updated SOBR. This included
updating and expanding the existing “Catalog of Springs” provided in Appendix A.

12 Location and Physiogtaphic Setting

"The Amargosa River Basin covers an area of 3,124 square miles in cast-central California and west-central
Nevada (Figure 1-1). The Amargosa River Basin can be subdivided into three basin areas:

¢ Northern Amargosa Groundwater Basin (Nevada portion of the Basin also referred to as the
Amargosa Desert Hydrographic Basin by the Nevada Department of Water Resources);

e Middle Amargosa Valley Groundwater Basin (California); and
® Death Valley Groundwater Basin (California —Nevada).

The Northern Amargosa Valley Groundwater Basin is comprised of the Amargosa River Valley from the -
aver’s headwaters northwest of Beatty, Nevada, to the California-Nevada state line. Elevations in this

portion of the Amargosa River Basin range from 6,317 feet above mean sea level (ft msl) at Bare Mountain

south of Beatty and east of the Amargosa River, to about 2,300 ft msl at the California-Nevada state line

near Death Valley Junction, California. The basin is bounded by consolidated rocks of the Yucca

Mountain/Pahute Mesa area to the northeast, Bare Mountain on the east, and the Funeral Range to the

west. The Northern Amargosa River Basin as defined covers 896 square miles.

The Middle Amargosa Valley Groundwater Basin (Groundwater Basin #6-20 as designated by the
California Department of Water Resources) is comprised of the Amargosa River Valley along with
Chicago Valley and parts of Greenwater Valley within Inyo and San Bernardino Coundes, California.
-The California-Nevada state line is considered the northern boundary of the Middle Amargosa Valley
Groundwater Basin. The elevation of the valley floor generally ranges from about 400 ft msl near Salt
Creek in the southern portion of the valley to about 2,300 ft msl at the California-Nevada state line near
Death Valley Junction. The basin is bounded by consolidated rocks of the Resting Springs and Nopah
Ranges on the east, the Dumont Hills on the south, and the Greenwater Range and Ibex, Black, and
Funeral Mountains (collectively known as the Amargosa Range) on the west. The surrounding mountains
range in elevation up to 7,335 ft msl at Kingston Peak (within San Bernardino County along the southeast
edge of the Basin) and up to 6,725 ft msl at Pyramid Peak, the high point of the Funeral Range to the
west. The Middle Amargosa River Basin covers an area of 609 square miles.

The Death Valley Groundwater Basin (Groundwater Basin #6-18 as designated by the California
Department of Water Resources) is comprised of the Amargosa River Valley from the Salt Creek area to
the sink at Badwater in Death Valley, and northward to the northern physical terminus of Death Valley
in Nevada (Oriental Wash Area of the Death Valley Basin as designated by the Nevada State Engineer).
Elevations in this portion of the Amatgosa River Basin range from -282 ft ms] at Badwater, to 11,049 ft
1-3
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msl at Telescope Peak, the highpoint of the Panamint Range along the west side of Death Valley. The
combined area of the California and Nevada portions of this lower part of the Amargosa River basin is
1,622 square miles.

1.3 Climate

The climate of the arca is atid with low precipitation and high mean annual temperatures and evaporation
rates. Summer temperatures can exceed 120 degrees Fahrenheit while winter temperatures can fall below
freezing. The average annual precipitation at Shoshone, California is 4.81 inches based on a record from
1972 through 2011 (Western Regional Climate Center, 2014). The average maximum high temperature
is 83.2 degrees Fahrenheit and the average minimum is 58.8 degrecs Fahrenheit. Mean monthly high
temperatures at Shoshone range from 58.8 degrees Fahrenheit in Decembet to 108.7 degrees Fahrenheit
in July. Mean monthly low temperatures in Shoshone range from 38.0 degrees Fahrenheit in December
to 78.3 degrees Fahrenheit in July.

1.4 Land Use

The principal land uses (not including open space and wild lands) in the project area are agricultural,
recreational, wildlife, livestock and domestic/municipal uses. With increasing solar development,
industrial use is expected to increase in the future. Agrcultural and domestic water is generally supplied
with groundwater from ptivate wells, Water for the town of Shoshone, California is supplied by
Shoshone Spring. The town of Beatty, Nevada derives its water from groundwater wells. However, some
tesidents obtain their water solely from spring water. Sewage is generally treated by individual septic
systems with the exception of at the communities of Beatty, Nevada, and Shoshone and Tecopa (both in
California) where sewage systems are present serving some areas. Agricultural land use is ptimarily crops
such as alfalfa (Nevada) and to a much lesser extent dates (California). Recteational uses include the use
of spring water at the hot sptings in Tecopa, California, and the hot sptings northeast of Beatty, Nevada
along U.S. Highway 95.

141 Water Rights

Water rights summaries for California and Nevada are provided in Appendices B and C, respectively.
Additional discussion regarding permitted rights, water usage, and estimated recharge for the Amargosa
Basin are provided in Section 3.0. In California, there has been no change in the status of water rights in
the Middle Amargosa Basin since 2011.

Changes in Nevada water rights for the Amargosa Desert (Nevada Basin #230) during the past three
years (since 2011) wete a net decrease of approximately 570 acre-feet per year {afy) in annual duty
(underground). However, of significance was a net increase of approximately 2,050 afy in permitted and
certified groundwater rights and associated decrease in rights with a “ready for action” status (the later
resulting in the net loss of annual duty), indicative of further development of those groundwater rights.

ANDY ZDON &
ASSOCIATES, INC.




2014 State of the Basin Report, Amargosa River Basin
Inyo and San Bernardino Conntes, California & Nye County, Nevada June 28, 2014

A riling in 2012 (6169) by the Nevada State Engineet included the denial of two applications filed by
Rockview Daires, Inc. Those two applications were to change the manner and place of use of irrigation
water previously applied for under applications filed in 2003 and 2006. The denial of those two
applications was on the grounds that the water right filings that formed the basis of the changes were no
longer in good standing and could not be used to support the applications.

A second ruling during 2012 (6172) by the Nevada State Engineer included the denial of an application
by LCF Hortculture, LLC to change the point of diversion and manner of use previously appropriated
for commercial purposes. Over time, land use had changed from comtmnercial to residential and change
applications transferred water to the residential land owners from the LCF Horticulture permit.
Therefore, the Nevada State Engineer denied the application because the application requested a change

of an existing groundwater permit than no longer existed. Copies of the two rulings are provided in
Appendix C.

Water rights information for Pahramp Valley, Nevada (Groundwater Basin #162) are also provided in
Appendix C.

1411 Devil’s Hole

In 2008, the Nevada State Engineer issued Order 1197 concerning applications to appropriate additional
groundwater from the Devil’s Hole arca. This order stated that:

“..with the following exceptions, any applications fo appropriate additional undenground water and any application fo
change the point of diversion of an existing ground-water right fo a point of diversion closer to Dewl’s Hole, described as being
within a 25 witle radius * from Devil’s Hole within the Amargosa Desert Hydrographic Basin, will be denied:

Any application within the described area that seeks fo change and excisting point of diversion closer fo Devil’s Hole
but remains within ifs existing place of use and is no more than Vs mile  from its original point of diversion;

-8 Those applications filed which seek 1o appropriate 2.0 acrefoet per year or less, may be considered and shall be
processed subject fo Nevada Revised Statutes (NRS) 533 and 534;

*  For projecis that require changes of mulsiple existing rights, the State Enginecer may compare the net impact to
Dewl's Hole of the propased changes to the impacts to Devil’s Hole of the base rights. If the net impact of the
Propused changes is the same or less than its base right impacts, as determined by the Siate Engineer, such change
applications may be considered and shajl be processed subject o NRS 533 and 534. In no such case shall wew
points of diversion be allowed within ten (10) miles of Devil’s Hole.

Those applications for environmental permits filed parsuant to NRS 533,437 and 5334377, inclusive; and,

Those applications filed pursuant to NRS 533.371.

For point of reference, NRS 533 and 534 are the chapters of Nevada water law that pertain to adjudication
of vested water rights/appropriation of public water and underground water and wells, respectively.
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Euovironmental permits referenced in NRS 533.437 and 533.4377 ate temporary permits for wells used
for avoidance of groundwater contamination (e.g. remediation wells). A copy of this ruling is also
provided in Appendix C.

1.5 Groundwater Management

Groundwater quality issues in the California portion of the basin are regulated by the California State
Water Resources Control Board — Lahontan Region (CRWQCB-Lahontan). Within Inyo County,
California portion of the Amargosa River Basin, the county conducts water-related activities such as
issuing well permits through the Inyo County Environmental Health Department, and water-quality
functions such as monitoring groundwater conditions and quality at the Tecopa and Shoshone landfills
through the Inyo County Waste Management Department. Other community planning and
environmental review activities are conducted through the Inyo County Planning Department. Cutrently,
there is little to no development in the San Bernardino County, California portion of the basin, however
similar functions within San Betnatdino County’s departments exist should development occur in the
future.

In Nevada, the Nevada Division of Water Resources (NDWR)} manages Nevada’s water resources
through the appropriation and reallocation of the public waters. In addition, the NDWR is tesponsible
for quantfying existing water rights; monitoring water use; distributing water in accordance with court
decrees; licensing and regulating well drillers and water rights surveyors; reviewing flood control projects;
monitoring water resource data and tecords; and providing technical assistance to the public and
governmental agencies. The Nevada State Engineer determines the limit and extent of water rights and
establishes conditions regarding those rights. The Nevada Depattment of Environmental Protection
manages Nevada’s storm water pollution program. Within Nye County, Nevada, the Nye County Water
Dustrict was established in 2007 to develop sustainable water development planning, characterize the
groundwater resource, and to evaluate and mitigate impacts caused by groundwater use. Nye County’s
Water Resources Plan (Bugo, 2004) provides guidance for ensuring adequate supplies of water remain
available in Nye County for the benefit of the county’s residents and environment.

Death Valley National Park oversees watet-related issues within the Death Valley National Park inclusive
of the Devil's Hole section of the park in Nevada. Currently, Death Valley National Park staff monitor
selected springs throughout the park, with an emphasis on Saratoga Spring at the south end of Death
Valley adjacent to the Amargosa River. Likewise, the BLM oversees water-related issues on BLM lands.
As part of those responsibilities, the BLM is also charged with developing a management plan fot the
wild and scenic portion of the Amargosa River.

1.6 Sources of Information

Information gathered by AZI and used in this report were from the archives and reports by the of the
USGS, NDWR, CRWQCB-Lahontan, Nye County Water District, Nevada Buteau of Mines and
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Geology, AC, Death Valley Nadonal Park, BLM, California Department of Water Resources, and
groundwater level and spting data collected by AZ1 and within AZI’s water resources library.

1.6.1  Death Valley Regional Flow System Repott

A key foundational document for this effort is the report “Death Valley Regional Ground Water Flow
System, Nevada and California — Hydrogeologic Framework and Transient Ground-Water Flow Model”
(Belcher, 2004). This comprehensive volume describes the conceptual model, and numerical modeling
of, the Amargosa Groundwater Flow System in its entirety, however with a focus on the Northern
Amargosa River Basin. The description of the conceptual model for the Amargosa Basin in this report
is largely distilled from this extensive teport. The USGS conducted the modeling and ptepated the
associated report bringing together data collected over decades for the U.S. Department of Enerpy
programs at the Nevada Test Site and at Yucca Mountain. The purposes of the USGS work described
in the report were to:

* Provide boundary conditions for site scale models at the Yucca Mountain and Underground T'est
Area Corrective Action Units on the Nevada Test Site;
¢ Evaluate the impacts of changes in groundwater flux;

® Provide a decision-making tool with respect to groundwater for defense and economic
development on the Nevada Test Site;

®  Evahuate potential effects to the Nevada Test Site due to off-site groundwater development;
® Provide a framework for identifying an effective groundwatet quality monitoting network; and
® Faalitate the development of a cooperative, regional Death Valley groundwater management
district.
1.6.2  Hydrologic Activities — Amargosa River Hydrologic Survey

A considerable amount of hydrologic work has been conducted since the initial baseline hydrologic
investigations (SGI, 2011 and 2012) that wete sponsored by the AC. That work included geochernical
analysis (anions, cations, and metals along with stable and unstable (uranium and strontium) isotopes on
two wells, the Amargosa River, and 16 springs. Since that time the following tasks have been completed:

® Periodic river gaging at several locations along the Amargosa River;

* Periodic spring flow and groundwater level measurements at springs and wells throughout the
Middle Amargosa River Basin;

* Installation of four shallow monitoring wells 1) north of Shoshone along the Amargosa River, 2)
along Willow Creek, 3) at T'welvemile Spring, and 4) at “Married Man’s Camp” between Willow
Cteek and California Valley. This wotk included sampling and analyzing waters from those wells
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and outfitting those wells with transducer/data logger installations and periodic groundwater level
data downloading (JWI, 2012 and TW1, 2013a);

* Refined geologic mapping being conducted by the USGS (in progress);

* Geophysical surveys by the USGS at selected locations throughout the Middle Amargosa Basin
arca (in progress);

* Anin depth canvassing of the flow in the Amarposa River by the USGS to evaluate gaining and
losing character of the River (conducted in February, 2014);

* Initaton of evapotranspiration studies along the Amargosa River in the Shoshone — Tecopa area
(USGS —in progress). '

In addition, additional sampling and analysis was conducted to evaluate a source of water for potable
water and fire suppression for the Tecopa — Tecopa Hot Springs community (JW1, 2013c).
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2.0 CURRENT FIELD AND LABORATORY METHODS

The field activitics performed during this project were designed following the previous reconnaissance
and cataloging of all of the known springs and wells in and beyond the Middle Amargosa River Basin, an
area encompassing neatly 1,000 square miles. The results of the inidal reconnaissance published in the
2011 State of the Basin Report (SGI, 2011), were used as the foundation for the design and
implementation of more detalled hydrogeologic investigatons. Additionally, methodologies for
describing spring conditions developed for other areas (Sada & Pohlmann, 2002, and Sky Island Alliance,
2012) formed the basis of field desctiptions of springs. The field work for this more detailed
hydrogeologic investigation was conducted during May 2014 and included the collection of water
chemistry samples at four springs and one well, flow volumes, water levels, and ongoing field water quality
monitoting for a select group of springs, wells and points along the Amargosa River. The results from
this investigation as desctibed in the following sections will serve to assist in the identification of regional
and local groundwater flow paths, and enable the development of an efficient, focused and sustainable
groundwatet monitoting effort that will be protective of the environmental and cultural resources of the
basin. The locations of all points monitoted or reconnoitered during this work are shown on Figures 2-
1 through 2-3.

21 Spring Discharge, Groundwater Level and River Surface Flow Monitoring

During May 2014, spsing flow discharge and groundwater elevation data were gathered from springs and
wells in the Middle Amargosa River Basin. This work supplements similar data collection efforts that
have occurred as part of efforts sponsored by the AC and TNC since 2010. Seepage run monitoring (i.e.
the measurement of flow at several distinct locations) was conducted by AZI along the stretch of river
from Tecopa to below the Dumont Dunes area where the River crosses California Route 127. The
seepage runs were conducted at five distinct monitoring locations along the Amargosa River, including
two USGS gauge locations and three manual monitoting points as measured during previous monitoring
events. Additional momitoring included following the movement (progression and regression) of the
leading edge of the River near the Dumont Dunes atea and seepage run monitoring of Willow Creek just
upstreamn of the confluence with the Amargosa River.

‘The three goals of the ongoing discharge, water level and seepage run monitoring are as follows:

s To quantfy spring discharge rates, groundwater elevations, and river surface flow which will
provide estimates of seasonal vadations;

® To establish a record of discharge from the springs and wells selected for monitoring, including
seasonal trend information in order to provide a mote robust baseline for future comparisons,

and
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® 'To establish flow gains and losses along the perennially flowing portion of the Amargosa River,
including seasonal trend information in order to provide a more robust baseline for future

comparisons.

2.1.1  Spring Discharge Monitoring

For the current monitoring event, springs not previously visited since the initial bascline wotk in 2011
were revisited to evaluate changes over the past three years. Previously, springs designated for ongoing
quantifiable discharge measurement included Amargosa Canyon Spring 1, Amargosa Canyon Spring 4,
Borax Spring, Borehole Spring, Crystal Spring, Horse Thief Spring, Tecopa Hot Spring (as measured near
the Amargosa Conservancy trailer), and Willow Spting, Data from other springs were collected as
practical, including Resting Spring, Shoshone Spring, Thom Spring and Five Springs. These springs were
chosen for long-term monitoring as they were the springs from which reliable water samples could be
obtained as opposed to the remaining springs where conditdons were such that sampling was not
practicable at the time of the mnitial work (SGT, 2011).

The primary method used to quantify spring discharge was measuring the time it takes for spring flow to
fill a bucket of a known volume. Tn some cases, such as Borax Spring and Tecopa Hot Spring, the spting
discharged over a lip or out a pipe which enabled direct measurement of spting flow. Atother locatons,
such as at Crystal Spring and Amargosa Canyon Spring #4, spring discharge was temporarily captured
and channeled into a pipe or a flume to facilitate direct measurement using the bucket filling technique.
A secondary method used to quantify spring discharge was direct measurement using a Marsh-McBirney
Flo-Mate solid-state flow meter placed in a flowing channel of water. Measurements from the flow meter
are combined with cross-sectional dimensions of the flow channel to yield spring discharge. This
measurement technique was used at Amargosa Canyon Spring #1 and Borehole Spring. All of the spring
flow measurements recorded starting with the initial spring survey (including visual estimations of flow)
are summarized on Table 1. Spring flow measurements are also found in the Catalog of Springs
(Appendix A) and on the individual field reconnaissance data sheets (Appendix D).

There are compromises in the use of both spring flow measurement options that can result in undet-
estimation ot over-estimation of free-flowing discharge. Ideally, all of the flow from a spring would be
fully captured and channeled into a pipe or flume, allowing for much greater accuracy in measurement of
flow. This is the case for Borax Spring and Tecopa Hot Spring at the Nature Conservancy trailer.
Temporarily channeling the spring using a pipe and othet non-permanent materials such as mud and
rocks can capture most of the flow, but not all, which can lead to inaccuracies in measurement.
Measurement of flow using the solid-state flow meter requites estimates of cross-sectional area and the
use of one to two flow measurement points as the meter is often large relative to the width of the channel.
Ultimately, all of the spring flow measurements within this report should be seen as an estimate for the
range of flows emanating from each spring. Significant alteration to spting discharge locations would be

required to achieve the accuracy needed to resolve fine, scasonal changes in spring discharge.
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2.1.2  Groundwater Level Monitoring

The wells designated for ongoing groundwater elevation measurement include those wells previously
installed as part of the Amargosa Hydrologic Survey (wells ARHS-01 through ARHS-04); the Eagle
Mountain Well and Cynthia’s Well. None of these wells have a surveyed mark for ground level, thus
surface elevation has been estimated using USGS topographic maps. Depth to water was measured from
the same point during each monitoting event so accurate compatisons between events can be made. All
of the depth to water measurements recorded stirting with the initial well survey are summanzed on
Table 2-1. Depth to water measurements are also found in the individual well data sheets included in
Appendix D. The four ARHS wells have been outfitted with In-Situ transducer / data-logger set-ups,
and collect groundwater level measurements at one-hour intervals. The results of the groundwater level

monitoring are discussed later in this report.

213 Amargosa River Flow Monitoring

River flow was measured at five locations along the Amargosa River from the town of Tecopa south to
the California Route 127 undetcrossing near Dumont Dunes. Two of the measurement points were flow
gauges established by the USGS. The first is the USGS gauging station located in the town of Tecopa,
California (station no. 10251300) and the second is located near China Ranch, just above the confluence
with Willow Creek (station no. 10251330). The three manual flow measurement stations were located at
the intersection with Sperry Wash, the crossing of Dumont Dunes Road and the undercrossing of
California Route 127. As the project has progressed, additional measurements have been obtained from
the Amargosa River just below the confluence with Willow Creek, and along Willow Creek just upstream
of the Amargosa River.

A Marsh-McBirney Flo-Mate electromagnetic velocity meter and associated equipment was used to gauge
nver flow at each measurement location along the Amargosa River. Surface water flow velocity was
measured and recorded at 0.5-foot intervals actoss the width of the Amargosa River along a measurement
transect oriented perpendicular to the direction of fiver flow. Concurrent with each velocity
measurernent, depth to river bottom was recorded. The full profile of river velocities and depths for the
complete cross-section of the fver could then be aggregated to determine total river volumetric flow at
the measurement location. Each measurement transect location was recorded using a hand held GPS

receiver so subsequent measurements were performed approximately along the same river cross-section.

During the spring reconnaissance field activities conducted during Novemnber 2010 and January 2011, the
leading edge of the Amatgosa River extended to an indeterminate point downstream of the California
Route 127 undercrossing. This was also the case during the May 2014 monitoring event. The initial visit
to this section of the River in Jate April 2011 showed that the leading edge had retreated to a point between
the California Route 127 undercrossing and the crossing of Dumont Dunes Road. A subsequent visit a
week later {early May, 2011) showed the retreat of the River continued such that the leading edge was
approximately 1,000 feet upstream of the Dumont Dunes Road crossing, The visit in September 2011
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showed the leading edge of the River in apptoximately the same place. During the December visit, the
leading edge of the River had advanced beyond the Dumont Dunes Road crossing, but did not extend as
far as the California Route 127 undercrossing. ‘L'his data, along consistent later observations and with
visual observations by long-time residents, provides strong indications that flow in the Amargosa River
is generally controlled by evapotranspiration. The increase in evapotranspiration that occurs during the
longer, hotter summer days reduces water availability for surface flow resulting in the retreat of the River.
"The reduction in evapotransipration that occurs during the shorter and cooler winter days increases the
water available for surface flow, thus the leading edge of the River advances independent of precipitation.
‘The management of non-native vegeradon along the Amargosa River (Le. tamarisk removal) will likely
have a significant effect on the flow of water in the River. Hydrographs of the Amargosa River based on
the periodic monitoring events are presented on Figure 2-4.

2.2 Water Quality Analyses

As a continuing step to determine relationships between waters found in the Middle Amargosa River
Basin, water samples were collected from a select group of spring and wells, including the following:

¢ Noble Gas Isotopes (e.g. Helium isotopes) at Thom Spring, Tecopa Hot Springs, Borehole
Spring, Wild Bath Spring and well ARHS-01;

¢ Stable Isotopes at Wells ARHS-01, ARHS-03 (Twelvemile Spring), and at Dodge City Spring;
and, '

o  General minerals and metals at Dodge City Sprng.

The noble gas analyses were conducted at the University of Utah. Stable isotope analysis was conducted
by Isochem Analytical in Champaign, Illinois. Interpretative work was conducted M. Lee Davisson &
Associates, Inc.

221 Previous Isotope Investigations

A number of previous reports have been published on groundwater geochemistry and isotope
abundances in southern Nevada and southeastern California. Notable reports relevant to the Amargosa
River area include those of Winograd and Thordarson (1975), Thomas et al. {1996}, Davisson et al. (1999),
and Larsen et al. (2001). Additional studies that include directly related data can be found in Thomas et
al. (2003a) and Hurst (2012).

Winograd and Thordarson (1975) developed one of the early frameworks for groundwater flow in
southern Nevada related to the Nevada Test Site, and that included extensive discussion of the Ash
Meadows springs discharge area. Based on eatddier work, they also summarized types groundwater
hydrochemistry that showed calcium magnesium bicatbonate groundwater associated with both the
carbonate rock of the Spring Mts. and adjacent Pahrump Valley. In contrast, sodium potassium
bicarbonate groundwater drains the largely voleanic rock areas south of the Nevada Test Site (e.g., Oasis
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Valley and Jackass Flats). Ash Meadows spring discharge consequently has calcium magnesium sodium
bicatbonate water that Winograd and Thordarson inferred as a mixture of recharge of the two latter water

types.

‘Thomas et al. (1996) also compiled and summarized groundwater chemistry types as well as isotope
abundances in areas that included groundwater throughout southern Nevada and southeastern California
with a focus on the regional carbonate aquifers. They concluded from isotope results that the calcium
magnesium sodium bicarbonate water discharging from Ash Meadows springs comprised 60 percent
Spring Mountains rechatge and 40 percent from Pahranagat Valley to the east. They also argue from
radiocarbon data that groundwater velocities ranged approxitmately from 10 to 144 feet per year.

Davisson et al. (1999) showed that radiocarbon was not a reliable method for age dating groundwater in
the regional carbonate aquifer due to continual isotope exchange reactions combined with mixing of local
recharge sources duting long-range transport. They further showed that stable isotopes of oxygen-18 and
deuterium measuted in southern Nevada groundwater had been previously evaporated during its original
recharge as melted snow in central Nevada (Rose et al,, 1999). By applying a methodology that removed
the effects of evaporaton on oxygen-18 and deuterium they showed a systematic decrease in their
abundances with increasing latitude and local elevation throughout southern Nevada, a result inconsistent
with previous studies purporting Pleistocene age groundwater recharge during the last glacial period
(Claassen et al., 1986).

Larsen etal. (2001) studied the water quality and stable isotope abundances of groundwater in the Tecopa
and Death Valley regions of the Amargosa River and related them to groundwater of southern Nevada
to delineate potential recharge sources. They recognized three water types comprising a Spring Mountains
recharge source, a deep regional groundwater derived from fractute flow of southern Nevada, and
groundwater derived from basin-filled groundwater of the Amargosa Desert.

Additonal studies providing a greater vatiety of isotope measurement types have been reported by
Thomas et al. (2003a) and Hurst (2012). Thomas et al. (2003a) focused specifically on Oasis Valley and
its hydraulic connection to Pahute Mesa, showing that Oasis Valley groundwater is replenished by
groundwater flow through Pahute Mesa that was ultimately derived further north. The Oasis Valley
groundwater ultimately replenishes the Amargosa Desert basin fill aquifers. Hurst (2012) specifically
focused on tridum, oxygen-18, deutetium, strontium isotopes, and uranium isotopes in regions along the
Amargosa River. He showed that spring samples are largely tridum absent, the oxygen-18 and deuterium
show only limited evaporation, and that strontium and uranium isotopes show mixing along the entire
length of the Amargosa River.

Lastly, one study reported by Thomas et al. (2003b) measured dissolved noble gases in the regional
catbonate aquifer of southern Nevada. They showed that noble gas abundances that are typically
incorporated in recharging groundwater and reflect the local recharge temperature were systematically
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being lost during long-range transport from Pahrangat Valley in east-central Nevada towards Ash
Meadows at its terminal discharge point. They concluded this loss of dissolved gas was due to fault
bartiers and cavities in the regional carbonate aquifer that forces groundwater to migrate upward and
encountet gas loss in air pockets. This subsequently masked the calculated recharge temperatures derived
from the noble gases.

2.2.2  Field Methods
Stable Isotopes

Samples for oxygen (5'°0) and deuterium (8D) were collected in 60 milliliter glass bottles equipped with
a conical shaped insert inside the cap that forms an airtight seal when the bottle is closed. Samples were
shipped to Isotech Laboratoties in Champaign, Illinois where the 180/160 and D/H ratios were
measured as a gas using standardized mass spectrometry methods. Results are reported as a normalization
to Standard Mean Ocean Water (SMOW), which is an internationally recognized standard in stable
isotope analysis. The normalizaton converted to standard & (“del”) notation following the convention:

R
5 = ( _ 1) 1000
st

Where R is the isotope ratio of the sample and Raa is the ratio of the standard.

Noble Gas

Noble gas samples were collected in passive diffusion samplers comprising two sections of 1/4” copper
tubing attached by a small section of semipermeable silicon tubing (Figure 2-5). The terminal ends of the
copper tubes were pinched closed gas-tght with cold seal. The samplers were placed in the water to be
satpled for 24 hours. During this equilibration perod, gases dissolved in the water diffused through the
semipermeable tube and came into an equilibsium concentration in the tube proportional to that of the
water. At the same timne, a special meter was used to measute the total dissolved gas in the water. After
24 hours, the sampler was crimped to a cold seal on the semipermeable tube end of the copper to form
two sepatate gas samples. These two samples were then labeled, the end protected with electrical tape
and placed into a plastic bag. Samples from five sample sites were collected by this method. All samples
wete sent to the noble gas laboratory at the University of Utah. The copper tubes were vacuum fitted to
an evacuated container, the copper cold scal was unctimped to release the gas, followed by cryogenic
isolation of noble gases of interest. Noble gas abundances and the *He/*He ratios were measured on a
V(5-5400 noble gas mass spectrometet. Results are reported as gas volume per mitliliter of water.

223 Results - Geochemistry

A detailed description of the investigative results and associated laboratory data reports are provided in
the repott prepared by M.L. Davisson & Associates, Inc., and provided in Appendix E. What follows 1s
a summaty of the conclusions of that report.
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Stable isotope and other geochemical data indicate that Middle Amargosa River area groundwater appears
to be a mixture of Ash Meadows, Spring Mountains and Kingston Range sources (Figures 2-6 and 2-7).
The pathways for that groundwater to reach the arca probably consist of one or a combination of:

e Water that moves through carbonate rocks from the Spring Mountains to the Ash Meadows and

then southward toward the Shoshone-Tecopa area;

s Water that moves through carbonate rocks beneath the northern portion of the Nopah Range
into Chicago Valley, then toward the Amargosa River; and,

» Water that moves from Pahrump Valley through the low, faulted divide into California Valley
then towards the Rivet.

Most of the spring/groundwater samples have characteristics indicative of having been influenced by
Spring Mountain recharge by some route. Most of the mixing is probably occurring via fractured rock at
depth, and less so in the alluvium. Water quality in the springs in the Shoshone-Tecopa area likely evolves
from a mixture of regional carbonate and Tertiary volcanic rock influences, but acquires increased
chloride and sulfate possibly from the Tecopa lake bed deposits. Additionally, regional subsutface heat
flow increases groundwater temperature and contributes to increased dissolved silica, decreased
bicatbonate, and possibly increased pH, with the latter resulting in the high arsenic concentrations. The
source of the arsenic could be from mulfiple sources, but as pH increases the solubility increases to

significantly high levels as presented on Figure 2-8..

Noble gas concentrations of the water in the Shoshone-Tecopa area are strongly similar to those
measured in the regional carbonate — Ash Meadows (of southern Nevada) groundwater noted by
Thomas, etal. (2003b). Their conclusions were that dissolved gas loss occurred during subsurface
transport across faulted boundaries and compromised recharge temperature/elevation calculations. The
noble gas recharge temperatures/elevation calculations for Amatgosa River Valley groundwater mosty
support the conclusions of Thomas, et.al. (2003b).

The *He/*He ratios for the four measured springs (Thom, Wild Bath, Tecopa and Borehole) were
unusually low, indicating old groundwater ages. The values were 5 to 10 times lower than measured
groundwater under the Nevada Test Site. These low ratios could be due to high influx of *He from the
Farth’s crust caused by deep faults. Otherwise, if the low ratio is due to steady-state accumulation from
local deposits, then groundwater ages greater than 100,000 years would be required. Additionally, the
helium ratios did not suggest the presence of a shallow magmatic heat source for the Tecopa Hot Springs
area, and indicate that the heat source is via deep circulation, probably along the faults that run through
the area. ‘The clevated temperature of the Tecopa Hot Spring water is not unusual since similar
temperatures are seen at depth under the Nevada Test Site. However, at Tecopa, the watm watet s
drven to the surface probably by some structural control.
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Several recommendations for future work are derived from the tesults of this work and provided in
Section 4.0.
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3.0 GROUNDWATER SYSTEM — CONCEPTUAL MODEL

The conceptual model of a groundwater system is the foundation of any analysis of a groundwater basin.
The conceptual model describes groundwater occuttence, groundwater movement, hydraulic properties
of aquifer matetals, and groundwater inflow and outflow components. As described in the previous
SOBRs, as new data are gathered in the Middle Amargosa Basin, the conceptual model for the area would
be updated as approptiate to reflect those data. This section of the SOBR, provides an updated overview
of the conceptual model reflecting the results of new geochemical data, groundwater level data, and fiver

gauging results.

31 Regional Setting and Geologic Conditions

The Amargosa River Basin is located in Inyo and San Bernardino Counties, California, and Nye County,
Nevada within the Basin and Range geomorphic province. The Basin and Range region 1s charactenzed
by basins of internal drainage with considerable topographic relicf, altetnating between narrow faulted
mountain chains and flat arid valleys or basins. The ranges generally trend notth-nosthwest parallel to
the regional structural regime. The geology of the Amargosa Basin is very diverse containing
Precambrian, Palcozoic and Mesozoic metamorphic and sedimentary rocks, Mesozoic-aged igneous
rocks, Tertiary and Quaternary-aged volcanic rocks, and piaﬁm, fluvial and alluvial deposits {Planert and
Williams, 1995). A regional geologic map is provided on Figure 3-1.

The valley areas are covered by coalescing alluvial fans forming broad slopes between the surrounding
mountains and the valley floors. The regional gradient of the Northem Amargosa River Basin is generally
to the south-southeast with gradients that typically range from five to 15 feet per mile. The basin fill
deposits ate interpreted to be underlain primarily by Paleozoic sediments although in the central portion
of the basin floors, the basin fill sediments have not been fully penetrated by drilling, Generally, the
Middle Amargosa Basin is marked by several unique features including the badland-type topography of
the Tecopa lakebed deposits and the Amargosa River Canyon. Between Shoshone and Tecopa the slope
of the valley floot flattens among the lakebed deposits, and then steepens as the river flows through the
Amargosa River Canyon. Downstream of the canyon, the topography reverts to an area of broad,
coalescing alluvial fans, eventually reaching the flat playa in Death Valley.

3.2  Hydrogeologic Units

In the Amargosa River Basin, the ptincipal hydrogeologic units consist of unconsolidated basin fill
materials, volcanic rocks (primarily in Nevada), and the carbonate rock aquifer. The following provides
a summary of these three hydrogeologic units.
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321 BasinFill

Tertiary and Quaternary-aged basin fill deposits are present throughout the basin as alluvial, fluvial and
lacustrine (lakebed) deposits. Coarse-grained deposits (primarily sand and gravel} within the basin fill are
responsible for transmitting the greatest quantities of groundwater and are most relied upon for
- groundwater production in the region. The basin fill is generally unconsolidated, moderately to well-
sorted sand, gravel, silt and clay, and wells completed in the basin fill can yield several hundred gallons
per minute (Walker and Fakin, 1963). As the axes of the valleys are reached, the sorting of the sediments
will increase which can serve to significantly increase the permeability of the sediments. With increasing
depth, groundwater production can be expected to decrease in these deposits as increasing lithostatic

pressure and infilling of pores coincident with their greater age may occur reducing permeability.

Within the basin fill, the fine-grained (clay and silt) deposits that largely comprise the lakebed deposits
(for example in the Shoshone — Tecopa area) serve as aquitards. Aquitards are low permeability geologic
units that inhibit groundwater flow and can serve as confining units. Wells and borcholes that are

completed in aquifer materials underlying these aquitards may exhibit artesian conditions such as those '
observed from flowing wells and borings such as at Borehole Spting and Borax Spring in the Shoshone-

Tecopa area.

3.2.2 Volcanic Rocks

Terdary and Quaternary-aged volcanic rocks are present within the Amargosa River Basin particularly in
the area of the headwaters of the Amargosa River in the Beatty area of Nevada, and in the Greenwater
Mountains immediately west of Shoshone, California. In the California portion of the basin, the volcanic
rocks are generally of lesser importance to the overall groundwater system as opposed to the northern
portion of the basin in Nevada. Locally, volcanic rocks can be of importance, for example, at the
Shoshone Spring area where a basalt flow crossing the Amargosa River course may be drving water to
the sutface in the river bed and the spring. This will be discussed further in Section 3.3.

3.2.3 Bedrock Units

Bedrock units underlying the alluvial valleys and generally comprising tanges such as the Nopah and
Resting Spring Ranges, and portions of the Amargosa Range, consist of Precambrian to Mesozoic-aged
metamorphic and sedimentary rocks. These geologic units consist of Paleozoic-age carbonate rocks (the
“carbonate rock aquifer”); quartzite, and shale which have been folded and faulted (Figure 3-1).
Generally, bedrock units such as these produce little water except where they are fractured and faulted,
providing pathways for groundwater movement, Other bedrock units consist of the Mesozoic-aged
granitic rocks as found in the Kingston Range. Within the granitic rocks, groundwater flow can be
assumed to be negligible except where fracturing is present yielding modest quantities of groundwater.

Where carbonate rocks are present, greater movement of groundwater can occur due to the unique
depositional and erosional characteristics of those rocks. Fractutes and secondary solugon openings
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along bedding planes can transmit considerable quantities of groundwater. Groundwater that discharges
from the springs at Ash Meadows largely involves groundwater moving through these secondaty
openings in the carbonate rocks. Within the basin, significant groundwater flow through the carbonate
rock aquifer oceurs within the lower to middle Paleozoic-age carbonate rocks that comprise a package of
rocks approximately 26,000 feet thick (Sweetkind, Belcher, et.al., 2004).

Groundwater flow in carbonate rocks can be very complex. Catbonate rocks with extensive solution
channels or fractures primarily developed in one direction wilt have permeabilities that are highly oriented
in specific ditections. Therefore, the groundwater flow may not be predictable simply by drawing flow
lines perpendicular to regional groundwater sutface contours representative of the regional carbonate
aquifer (Davis & DeWiest, 1966). Although the carbonate rock aquifer likely transmits large volumes of
groundwatet in the region, permeability is limited to areas of fracturing which proportionally makes up a
small portion of the carbonate rock volume. Therefore, despite the potential for wells to obtain large

yields from the carbonate rocks, that success is dependent on intersecting those fractured zones.

324 Geologic Structure

The rocks in the Amargosa River Basin have been extensively deformed by a variety of fault types that
have occutred in the distant past as well as the present. These fault types include:

e Normal faulting typical to the Basin and Range with vertical displacement being dominang

s  Strike-slip faulting (lateral displacement dominant) typical of latger-scale regional fault systems
such as the Furnace Creek — Fish Lake Valley Fault and Las Vegas Valley Shear Zones; and

¢ Thrust faults (low angle faults) that duting the Paleozoic and Mesozoic resulted in displacing rock
units in a manner that can affect groundwater movement in the present.

Springs may issue from the locations of faults due to either the lower fracture permeability of the fault in
rock, or the displacement of permeable basin fill or rock adjacent to relatively impermeable materials, For
example, The Tecopa Hot Springs rise along a fault (Waring, 1915) that runs north-northwest through
the basin (Figute 3-2). Shoshone Spring also rises along the northward extension of the same fault that
passes through Tecopa, patt of the Furnace Creek Fault Zone (California Division of Mines, 1954). The
Death Valley — Futnace Creek Fault System (inclusive of the Furnace Creck Fault Zone) is part of a large,
currently active, northwest directed pull-apart zone. Movement along the Furnace Creck Fault Zone is
primatily strike-slip (Brogan, Kellog, Slemmons and Terhune, 1991). The Death Valley — Furnace Creek
Fault System is the second longest fault system in Califotnia (the San Andreas Fault System being the
longest).

Thrust faults are present throughout the region, however given their age, in many areas their presence is
concealed by overlying voleanic ot basin fill deposits. Fracture permeabilities along thrust faults are

insignificant due to the age of the structures and fracture filling and the low angle nature of the faulung
not supporting fractures with significant apertures. However, in areas where impermeable rocks are
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thrust against more permeable rock in the subsurface (c.g., quartzite thrust against carbonate rocks), those
faults may also serve as a bartier to groundwater flow. “This can be seen along the base of the Nopah and
Resting Spring Ranges where the carbonate rock sequence outcrops in the upper portions of the ranges
and underlying Lower Cambtian and Precambrian clastic tocks outcrop along the base of each of these
ranges. A notable exception is north of the Nopah Thrust in the northern portion of the Nopah Range.
North of this fault, the carbonate-rock sequence is down-dropped relative to the carbonate rocks south
of the thrust fault resulting in a potential pathway for an undetermined amount of water to seep from
Pahrump Valley into Chicago Valley. Of note is the presence of Twelvemile Spring situated
approximately west of this thrust fault, and an absence of springs along the west base of the Nopah Range
further south.

33 Surface Water

The principal surface water body in the region is the Amargosa River, an intermittent river with
headwaters issuing from springs northeast of Beatty, Nevada, and extending approximately 180 miles to
the river's terminus at the playa in Death Valley. Except for portions of the river in the Amatgosa Canyon
atea in California, and near Beatty, Nevada, the Amargosa River typically flows only after peniodic storms.
In those areas where the river is usually dry, the flow of water is in the subsurface. The perennial reach
of the Amargosa River between Shoshone and Dumont Dunes was designated as a National Wild and
Scenic River in 2009. Except during runoff events from tainstorms, the perennial flow in the Wild and
Scenic section of the river is completely supplied by groundwater.

‘The Amargosa River rises as spring flow from the southwest side of Pahute Mesa in Nevada. From hete,
the river flows generally southwest toward Beatty, Nevada, and after passing through the Amargosa
Narrows where water is forced to the surface, enters the Amatgosa Desert. After crossing the border
into California, the tiver generally runs southward along a valley that follows the trend of the Furnace
Creek Fault Zone, adjacent to California State Highway 127 near Death Valley Junction. Here, the river
meets with Carson Slough (which drains Ash Meadows and is the chief tributary to the Amargosa River
in Nevada), and continues its southwatd route passing to the east of the community of Shoshone and on
to Tecopa. South of Tecopa, the river enters the Amargosa Canyon, being augmented by spring flow on
its course. South of the Amargosa Canyon, the river flows by Dumont Dunes, and then heads west and
then northward, rounding the Amargosa Range on the south and flowing into Death Valley.

A seties of conceptual cross-sections following the coutse of the Amargosa River from near Oasis
Mountain northeast of Beatty, Nevada, to Sperry below the Amargosa River Canyon in California are
provided in Appendix F. As can be seen, areas with continual flow are typically where rock units create
constrictions to flow, and that flow is driven to the surface. Beyond the constrictions, the flows typically
percolate into the subsurface some distance downgradient. "This occurs at the narrows southeast of Oasis
Mountain, at the Amargosa Narrows south of Beatty, Nevada, at the Shoshone Spring area, and at the
Amargosa River Canyon. Between Shoshone and Tecopa, the river can also rise to the surface, most
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likely the result of permeable zones intersecting clayey, Tecopa lake bed deposits causing flow to surface.
As can also be seen in the cross-sections (Appendix F), the groundwater surface tends to flatten

upgradient of these constrictions, then steepens once past them, as would be antcipated.

This condition also emphasizes the sensitivity of the relatively constant, or petennial reaches of the
Amargosa River to changes in groundwater level.  Additionally, given this condition, it appears that a
considerable portion of the underflow moving through the Middle Amargosa system can be accounted
for by the flow observed at the surface for example in the Amargosa River canyon plus spring discharge
and any pumping, ‘This does not result in a substantial amount of undetflow, and further highlights the
sensitive nature of the river system. Mote about this is discussed in Section 4.1.

The USGS monitors the flow of the Amargosa River (USGS, 2013) at a gage 0.2 miles west (Gauge no.
10251300} of Tecopa. 'The USGS has monitored Amargosa River flow intermittently at other loeations
along the tiver over the past 50 years, but given the spotty nature of those records, they are of limited
utility. ‘The average flow of the river at this station based on 39 full years of data between 1962 and 2013
(some years missing) is 3.44 cubic feet per second (cfs), though is skewed high as a result of flood flows.
The maximum mean annual flow recotded there was 14.9 cfs in 1983 when the record peak flow of
10,600 cfs was recorded on August 16, 1983. At times the river has been dry at this station. Mean annual
flows at the Tecopa station along with the other stations mentioned are summarnzed on Table 3-1.

AZI conducted flow measurements at three locations along the river which are provided on the Field
Activities Data Summary table (Table 2-1). Field water quality parameters collected by AZI indicated that
Amargosa River waters ate somewhat intermediate in chemistry between the more saline hot spring
waters at Tecopa, and the fresh water springs identified in the area. This monitosing has provided strong
indications that the extent of flow in the Amargosa River is significantdy controlled by evapotranspiration,
The increase in evapotranspiration that occurs during the longer, hotter summer days reduces water
availability for sutface flow resulting in the retreat of the River. The reductionin evapotransipration that
occurs during the shorter and cooler winter days increases the water available for surface flow, thus the
leading edge of the River advances independent of precipitation. The management of non-native
vegetation along the Amatgosa River (Le. tamarisk removal) will likely have a significant effect on the
flow of water in the River.

Other surface water bodies in the area consist of spting-fed ponds in the Ash Meadows area (N evada),
spring-fed Grimshaw Lake in the Tecopa area, and streams that issue from sptings only to end where
either that flow is utilized by vegetation, or it percolates back into the subsutface. One exception to this
is Willow Creek, a significant spring-fed stream that tises northeast of China Ranch (south of Tecopa),
and flows into the Amargosa River within the Amargosa River Canyon.

34 Regional Groundwater System

The regional groundwater flow system is considerably more extensive than the Amatgosa River Basin
watershed (Figure 3-3). The reason for this is the extensive area beyond the watershed boundary
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undetlain by the carbonate rock aquifer that drains toward Death Valley. In this large flow system,
groundwater recharge results from precipitation in the form of snowmelt and rainfall that falls within the
mountains of southern and central Nevada, and reaches the Amargosa River Basin where it is discharged
{(Plancrt and Williams, 1995).

The Notthern Amargosa River Basin appears to receive much of its carbonate-rock aquifer underflow
from central Nevada. As shown on Figute 3-4, groundwater moves southward through Lincoln County,
Nevada whete it splits with a portion of that flow heading southwest toward the Amargosa Desert and
Ash Meadows. The remainder of the flow moves southeast toward Muddy Spring and the Colorado

River area.

Within the Middle Amargosa River Basin (between the California-Nevada state line and Salt Creek), it
has long been postulated that groundwater moves ditectly through the carbonate aquifer southwest from
the Spring Mountains and beneath Pahrump Valley toward the Tecopa — Shoshone — Chicago Valley —
California Valley areas (Faunt, D’Agnese and O’Brien, 2004). However, based on the results of the
current geochemical analyses and more recent detailed mapping by the USGS (Workman, et.al., 2002), it
appears that the mechanism by which groundwater moves from the Spring Mountains/Pahrump Valley
arca toward the Shoshone-Tecopa atea may be more complicated.  Figures 3-5, 3-5a and 3-5b present a
portion of the 2002 geologic map indicating that Precambrian to Cambrian bedrock units underlying the
carbonate rock units outcrop along the western base of the Resting Spring Range and the portion of the
Nopah Range south of the Nopah Peak Thrust. This would indicate that the saturated rocks beneath
these ranges are ptimatily comptised of quartizite, shale, siltstone and dolomite of lesser permeability than
would be expected of the Paleozoic-age catbonate rocks. Alternative flow paths likely include one or
more of the following:

* Spring Mountain recharge moving toward Ash Meadows through carbonate rocks and basin fill,
then southward toward the Shoshone-Tecopa area;

¢  Via catbonate rocks at the north end of the Nopah Range into Chicago Valley then toward the
Amargosa Valley; and ,

e From Pahrump Valley via the shallow divide into Califotnia Valley then toward the Amargosa
River. '

These deeper flowpaths are most likely influential on the spring flows and discharge to the alluvium. The
deeper flowpath beneath the northern Nopah Range was previously discussed (JW1I, 2013a) as a potential
source for T'welvemile Spting. These flowpaths are consistent with that previously proposed by others
{Figure 3-6}. Beyond the Middle Amargosa River Basin, groundwater moves west in the Death Valley
Basin, then north augmented by underflow from the Owlshead Mountains area, to the Death Valley
Playa.
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The regional groundwater flow system covers an area of neatly 40,000 square miles. The following
sections describe the occurrence and movement of groundwatet, the aquifer characteristics of the basin

fill and carbonate rock aquifers, and groundwater basin inflow and outflow components.

341 Groundwater Qccurrence and Movement

Within the Amargosa River Basin, groundwater occurs ptimarily within the basin fill deposits and
carbonate rock aquifer. Although groundwater occurs with significance in the volcanic rocks in the
northern portion of the basin, the focus of this report is the basin south of the Death Valley Junction
area (Middle Amargosa River Basin), and therefore is not discussed here. The only materials from which
groundwatet can be extracted for significant use is within the coarse-grained deposits of the
unconsolidated basin fill and within the fractured carbonate rocks (Walker and Fakin, 1963). Volcanic
rocks and other bedrock units can generally be assumed to be relatively impermeable except where locally
fractured and minor yields can be achieved. As desctibed in Section 3.3., underflow in the basin fill
contributes to surface flow in the Amargosa River where constricions occur due to the presence of less
permeable bedrock or other lower permeability deposits. Based on this condition, in the Middle
Amargosa River Basin, the amount of underflow moving through the system may largely be represented
by the sum of Amargosa River flow (as observed in the Amatgosa River Canyon), underflow in rver

channel deposits, spring discharge and evapotranspitation, and the limited pumping in the area.

In the Northern Amargosa River Basin, groundwater is generally found within the basin fill from which
most of the groundwater pumping in the Amargosa River Basin is concentrated. In the Ash Meadows
area, the primary aquifer is the carbonate rock aquifer system. Groundwater within the carbonate rocks

tlows laterally across basins as interbasinal flow as described eatdier.

The direction of groundwater movement usually parallels the slope of the ground surface, from points of
recharge in the higher elevations to points of discharge such as springs or the Amargosa River in the
valley. Within the basin fill aquifer, gtoundwater movement is from north to south from the northern
portion of the basin toward Shoshone and Tecopa. A potentiometric surface map of the shallow basin
fill aquifer based on the groundwater levels collected by the USGS, AZI, AC, Nye County and Inyo
County (by TEAM Engineering & Management, Inc) during the 4® Quarter of 2010 is provided on
Figure 3-7. This 1s the same map that was provided in the 2011 SOBR. Based on the continued
monitoting of groundwater levels in the area since that time, and the little change observed south of
Death Valley Junction, this map is likely stll consistent with existing conditions.

Precipitation and snowmelt runoff from the mountains surrounding the Middle Amargosa River Basin
collect in the thick packages of alluvium that fill the valleys. The water percolates through the allevium
under the force of gravity, flowing downhill towards the lowest point in the Basin, the Amargosa River.
Figure 3-8 shows the conceptualized flow paths of groundwater flowing in the alluvial valleys within the
Middle Amargosa River Basin. Notth of Shoshone, groundwater flows south around Eagle Mountain in
the alluvium that forms the floor of the valley through which runs the Amargosa River.
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The valley and the Amargosa River are additionally fed from runoff from the east slope of the Amargosa
Range and the west slope of the Resting Spring Range. Water from the east slope of the Resting Spring
Range and the west slope of the Nopah Range flow into Chicago Valley, following the slope of the valley
floor to the south. At the south end of the Resting Spring Range, the alluvial valley turns southwest
towards Tecopa and the Amargosa River. Right at this bend is Resting Spring, which likely exists as a
result of the change in valley direction and the constriction in the width of the alluvium in the valley
between the Resting Spring Range and the Nopah Range, forcing groundwater to the surface at the spring
location. Water from the southeastern slope of the Nopah Range and the western slope of the Kingston
Range flows into California Valley and west around the southern tip of the Nopah Range. Some of this
watet likely lows down China Ranch Wash, which in turn is the source of the water from Willow Spring
and Willow Creek.

Runoff from the eastern Tbex Hills flows into Greenwater Valley toward the Amargosa River. South of
the Sperry Hills, ranoff from the north facing slope of the Avawatz Mountains, along with the Salt Spting
Hills, Saddle Peak Hills and the Ibex Hills flows into the basin fill of Southetn Death Valley, down the
middle of which runs the Amargosa River.

Based on the results of AZDs spring reconnaissance, it is clear that a number of distinct spring sources
are represented in this concentrated part of the Amargosa River Basin. Based on the current isotopic
work, the elevated temperatures of the hot springs around Tecopa indicate that the spring water has most
likely been at great depth. This is similar to warm springs in the Furnace Creek area of Death Valley
National Park (Pistrang and Kunkel, 1964). The Furnace Creck area warm springs ae also present along
the Furnace Creek Fault Zone where deep circulation is postulated. This indicates that absent shallow
heated igneous rocks, those waters moved at considerable depth (in the range of thousands of feet below
ground surface) only to move upward along fractures ot faults to the surface where it is dischatged. In
other springs, field water quality parameters are suggestive of groundwater flow of a more local nature
such as at Crystal Spring (Kingston Range source) or Sheep Creek Spring (Avawatz Mountains source).

3.4.2 Aquifer Characteristics

Groundwater within the basin is held within the sand, gravel, silt and clay that make up the valley fill
aquifer, Within the Northern Amargosa River Basin, hydraulic conductivity {the ability for a geologic
material to transmit water) in the basin fill can range from 0.02 feet per day (f/d) in the low permeability
clayey deposits, to 140 £/d in the coarse-grained sands and gravels (Belcher, 2004). AZ1 is unaware of
any aquifer testing that has occutred within the basin fill in the Middle Amargosa River Basin ot the Death
Valley Basin, but it is likely that hydraulic conductivities generally fall within the same range as those

desctibed above.

The aquifer charactenistics of the carbonate rock aquifer can be highly variable. Where fractures and
solution openings exist, these tocks can be the most permeable materials in the basta. Absent fracturing,
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hydraulic conductivities can be extremely low. Carbonate rock hydraulic conductivities can range from
30 f/d or greater to much less than 0.001 f/d (Spitz & Moreno, 1996).

343 Groundwater Basin Inflow Components

Groundwater inflow components within the Amargosa River Basin include recharge from precipitation
that falls within the drainage basin and groundwater underflow into the basin, primarly through the
carbonate rock aquifer. TIn this area, latge uncertainties exist regarding recharge rates, and currently,
groundwater pathways for underflow into the basin. Therefore, best estimates of recharge are probably
most available by evaluating groundwater discharge and changes in storage/changing groundwater levels

in the area.

3.4.3.1 Recharge

Walker & Fakin (1963) estimated recharge to the Northern Amargosa River Basin from precipitation
within the basin plus recharge from precipitation on the northern and western slopes of the Spring
Mountains to be approximately 5,000 acre-feet per year (AFY). Within the California portion of the
basin, the Middle Amargosa Basin and Death Valley Basin do not have specific recharge estmates
associated with them (California Department of Water Resources, 2003).

As part of the water-supply feasibility study for a potable water source for Tecopa, JWT (2013c) estimated
a recharge of approximately 700 afy from the Kingston Range using the Maxey Eakin Method.

3.4.3.2 Groundwater Underflow

Walker & Eakin {1963) estimated that of the 17,000 AFY discharged from the springs at Ash Meadows
on an annual basis; approximately 13,000 AFY might be the result of groundwater underflow through
the carbonate rocks from the Spring Mountains to the east. The remaining 4,000 AFY being supplied by
underflow from areas to the northeast in central Nevada. South of Death Valley Junction, the general
absence of previous hydrogeologic investigations in the Shoshone — Tecopa region results in more
generalized assumptions regarding underflow. As shown in Figure 3-6, regional groundwater flow enters
the California portion of the basin from Ash Meadows and from recharge in the Spring Mountains via
various potential routes. Additional underflow from the south from the Silurian Valley area enters the
system between the Amargosa River Canyon and Saratoga Springs (Faunt, I’ Agnese and (YBrien, 2004).

With respect to the Middle Amatgosa River Basin, the existing Death Valley Regional Flow System model
could be used to cvaluate the groundwater budgets for specific zones in this part of the groundwater
system, therefore extracting underflow estimates for each of these areas. However, there would be
significant uncertainty associated with them, as the model was developed without the benefit of the data
collection effort that has been ongoing for the last three years. With the existing data and proposed data
collection and analysis, refinement to that groundwater model, or a new groundwater flow model focused
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on the Middle Amargosa River Basin, will be an cssential management tool and will likely provide
additional insight into the dynarnics of regional flow in the area.

3.44 Groundwater Basin Outflow Components

3.44.1 Spring Flow & Evapotranspiration

Spting flow and evapotranspiration have been combined as a basin outflow component 1n this basin as
in this area as they are unavoidably linked. Groundwater-dependent vegetation (phreatophytes) are
present along the Amargosa River and in spting areas. Springs discharge water from the groundwater
system, but in neatly all cases within the basin, that flow either evaporates, is used by plants, or percolates
back to the groundwater system within a relatively short distance. One of the few exceptions to this is
Willow Creek south of Tecopa which rises from spring flow within China Ranch, and generally maintains
surface flow to its confluence with the Amargosa River. In the Nevada portion of the basin, the discharge
from spring flow and evapotranspiration has been estimated at 23,500 AFY (Walker & Eakin, 1963).

In the Shoshone - Tecopa - Chicago Valley - California Valley atea, the combined spring flow and
evapotranspiration has been estimated at approximately 8,900 AFY. In the Death Valley Basin, combined
spting flow and evapotranspiration has been estimated at approximately 35,000 AFY (San Juan, Belcher,
et.al, 2004).

Based on the field reconnaissance activities, it is clear that the springs in the California portion of the
basin emanate from a variety of sources. These sources appear to range from those with deep circulation
paths (such as Tecopa Hot Springs), and those with shallow and potentially more local circulation paths
(such as at Willow Creek). With respect to specific spting flow (not including evapotranspiraton or
Amargosa River flow), AZT's total field estimated spring flow has typically been approximately 1.8 cfs
during the spring reconnaissance activities {approximately 1,300 AFY).

3.4.4.2 Pumpage

Within the Amargosa River Basin, pumpage is primarily within the Notthem Amargosa River Basin. This
water is largely used for irripation. Table 3-2 summarizes groundwater pumping from the Northern
Amargosa River Basin since 1983 (NDWR, 2012a). This represents the most up to date pumping data
available from the Nevada Division of Water Resources at the time of this report. Total pumping over
time is also represented on Figure 3-9. Average annual pumping since 1983 has been 12,153 AFY. In
2012, a total of 17,622 AFY was pumped from the basin. As can be seen, over the 27 years of pumping
recotds, the Northetn Amargosa River Basin has seen a steady increase in pumping. For comparison
purposes the annual duty for the Northern Amargosa River Basin is 27,336.86 AFY (includes certificate,
permit, and ready for action) as of February 21, 2012 compared to the estimated anmual perennial yield
of the basin of 24,000 AFY (Walker and Eakin, 1963). This updated annual duty is a reduction of
approximately 1,700 AFY since first reported in the 2011 SOBR (SGI, 2011).
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In the Middle Amargosa River Basin and Death Valley Basin, watet supplies are more reliant on spring
flow, and groundwater pumping is relatively insignificant in comparison to the Nevada pottion of the
basin. Groundwater pumnpage for domestic ot public use is probably on the order of less than 100 AFY
(San Juan, Belcher, etal., in Belcher, 2004). Water used for irtigation of date palms is supplied by spring
water. It is unlikely that water use in the Shoshone-Tecopa area has changed significantly since the last
State of the Basin Report (SGI, 2012). Furthermore, any additional water usage resulting from the
proposed new potable water supply for Tecopa will be insignificant to the overall water budget of the

area.

Outside of the Amargosa River Basin, pumpage in the Pahrump Valley is of most significance to the
Amargosa groundwater system. Pumping records available since 1959 (NDWR, 2012b) indicate that
beginning with initial groundwater usage of 1,159 AFY in 1959, groundwater pumping in the Pahrump
Valley rapidly increased to a maximum pumpage of 47,950 AFY in 1968 (Figure 3-10. During the period
of 1964 through 1978, pumping in the Pahrump Valley averaged more than 37,000 AFY. Since that time,
groundwater pumping in the Pahrump Valley has gradually decreased to the point that in 2011, total
groundwatet pumping in the Pahromp Valley was 13,352 AFY, the lowest pumpage since the initial
record in 1959. The 2011 pumping rate (which also represents a 2739 AFY reduction in pumping since
2009) is likely attributable to economic condifions and may represent 2 temporary decrease from the
20,000 to 25,000 AFY of pumping that has been characteristic of the Pahrump Valley since 1980. In 2012,
total pumping in Pahrump Valley was 14,136 AFY, an increase of 784 AFY from 2011,

Groundwater levels in the Pahrump Valley were noted to have declined steadily over the period of record,
but of note is that impacts to springs in the Middle Amargosa Basin, particularly in the Shoshone —Tecopa
area have not been reported. However, Thompson (1929) referred to a site called Yeoman Spring that
had at the time an estimated flow of 90 gpm. Although there is no spting currently called Yeoman Spring,
this appears to be the same spring now referred to as Chappo Spring. The only surface expression of
flow at Chappo Spring is 2 “puddie” surrounded by trees (including non-native palms) and shrubs.
Additionally, early reports indicated that Resting Springs had flows of substantially more than 200 gpm
{up to 250 gpm). Both of these springs flow at rates lower than those reported in the first half of the
1900’s. While this may be the result of spring modification and additional vegetation uptake, it is possible
then, that spring flow in the Middle Amargosa Basin may have been effected by past pumping in the
Nevada portion of the basin.

Recently, localized stabilization and recovery bas been reported in selected areas of Pahrump Valley
indicative of a basin beginning to come closer to balance with recently reduced pumping tates.

3.4.5 Groundwater Quality

Groundwater quality in the Amargosa River Basin is highly variable. In recharge areas, the concentrations
of dissolved solids in groundwater are low. However dissolved solids will increase as the groundwater
moves through the groundwater system and is in contact with the rock materials present. For example,
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in the area of Willow Creek, dissolved solids may be high due to the presence of gypsum deposits in the
geologic materials through which groundwater in that area is flowing, In the Northetn Amargosa Raver
Basin whete groundwater pumping is focused, much of the water present is suitable for irfigation (not all
of which is suitable for domestic use), however water of medium to high salinity is locally present. Existing
groundwater quality data along with those of new wells ARHS-01 through ARHS-04 (and associated well
logs) are provided in Appendix G.

35 Groundwater in Storage

The volume of groundwater in storage within the basin fill is a function of the area of the aquifer material,
2 selected saturated thickness, and specific yield {ratio of the volume of water that the aquifer will yield
due to gravity to the aquifer’s volume) of aquifer material. For the purposes of this report, estimates of
groundwater in storage are based on the existing literature. In the Amargosa Basin, the volume of
groundwater in storage is orders of magnitude greater than the volume of recharge that occurs on an
annual basis representing a groundwater accumulation over thousands of years. Storage calculations are

rough estimates as the parameters described above are subject to significant variation.

In the Northern Amatgosa River Basin, the volume of groundwater in storage for the Amargosa Desert
has been estimated at 1.4 million acre-feet within the upper 100 fect of the saturated basin fill (Walker &
Eakin, 1963). Estimates of the volume of groundwater in storage within the Middle Amargosa and Death
Valley Basins have not been developed by the State of California.

36 Groundwater Levels and Discussion of Inflow and Outflow Components

The volume of groundwater in storage is an important aspect of the groundwater system. Changes n
storage are identified in the field by changes in groundwater levels. A fundamental groundwater equation
and the basis for evaluations of groundwater budgets (inflow vs. outflow estimates) 1s:

Inflow — Quiflow = Change in Storage

When outflow exceeds inflow, thete is a negative change in groundwater in storage and groundwater
levels can be expected to decline. When inflow exceeds outflow, the reverse is true. When the system is
in equilibrium, water levels will generally remain relatively constant despite short-term fluctuations. Long-
term groundwater level declines ate a clear indication that outflow has been exceeding inflow for an
extended petiod of time, Tt should also be noted that in many areas, the recovery of groundwater levels
due to groundwater being removed from storage can take longer than the period to remove it depending

on the volume removed from storage, precipitation trends and the geology of the basin.

Taking this one step further, under predevelopment conditions, a groundwater system Is in equilibrium,
a condition wherse inflow equals outflow. Groundwater pumping causes 2 disruption in this equilibrium,
and recharge amounts and patterns can change. More often, discharge amounts and patterns are
impacted. This includes the loss of phreatophytic vegetadon {vegetation whose watet tequirements are
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met by roots tapping groundwater such as in the area of springs) and reduction ot elimination of spring
flow. All pumped water must be supplied by one or more of the following:

e Decreases in groundwatet storage;
e Tncteased or induced recharge; and

e Decteased discharge either in the form of reduced subsurface outflow or decreases in natural

forms of discharge such as evapotranspiration, spring flow or river base flow.

Regardless of the amount of groundwatet pumped, there will always be groundwater drawdown (and the
removal of water from storage) in the vicinity of pumping wells, a necessity to induce the flow of
groundwater to said wells. For most groundwater systems, the change in storage in response to pumping
is a transient phenomenon that occurs as the system readjusts to the pumping stress. The relative
contributions of changes in storage, increases in recharge, and decreases in natural discharges evolve over
time. As an example, upward leakage from the carbonate rock aquifer to the basin fll aquifer has been
postulated as early as the 1960 (W alker & Fakin, 1963). Elevated pumping in the basin fill aquifer could
induce greater upward leakage from the catbonate rock aquifer that correspondingly could result in

reduced spring flow from those carbonate rocks.

If the system can come to a new equilibnum (ie., a combinaton of increased recharge and/or decreased
discharge), the storage decreases will stop, and inflow will again equal outflow. The amount of
groundwater “available” for a future groundwater development project is therefore dependent on what
these long-term changes are, and how these changes affect the envitonmental resoutces of the area.
Nunerical models ate ideal tools to evaluate these issues in that the complexities of the groundwater
system can be evaluated in detail, and assumptions of how the groundwater system works can be tested
for internal consistency. Further, with advances in software available to the groundwater professional,
the efficiency and associated costs of groundwater modeling have significantly decreased over the last
two decades.

Groundwatet inflow, ouiflow and storage estimates were provided whete available in the previous
sections. Based on a review of limited shallow groundwater levels in the Shoshone — Tecopa area, the

groundwater system in the Shoshone and Tecopa area appears stable.

3.7 Future Groundwater Use and Discussion of Groundwater Availability

As shown in Table 3-2 and Figure 3-9, thete has been an increased use of groundwater in the Nevada
pottion of the Amargosa Basin over the past 25 years. The potential for future development will be
limited by both quantity and quality of water. However, as can be seen by the active duty for the Northern
Amargosa River Basin, there is significant potential for pumping to increase considerably should water
rights holders fully exercise their water rights. Given the over-allocated nature of the Northern Amargosa
River Basin, significant impacts to the groundwater resource could result if that condition occurred.
These uses are anticipated to increase due to future population growth, and the likely future addition of
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groundwater usage for solar energy development. Although wet cooling solar projects are not anticipated,

groundwater usage for processes such as mirror washing will still be needed.

The incremental increase of solar projects within the region could result ina significant steepening of the
increased trend in groundwater usage. The competing demands for renewable energy and protection of
the Amargosa River point to the need for increased knowledge and baseline hydrologic data in the Middle
Amargosa River Basin. Recommendations for future investigations are provided in Section 4.0 of this

repott.
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4.0 RECOMMENDATIONS FOR WILD & SCENIC RIVER MANAGEMENT

Given the regional nature of the groundwater source that feeds the Wild and Scenic Amargosa River, it
is dear that an effective monitoting program for the WSR will include sites well away from the River.
Although the management plan will be fora specific water coutse, the unique hydrology and the expansive
area that contributes to the river through complex groundwater flowpaths would make purely nver-
centric monitoring of limited value. Based on the results of current and past work, decreases in
groundwater level and associated undesflow in the northern Amargosa basin and Pahrump Valley (both
in Nevada) could affect springs in the Middle Amargosa Basin and the Amargosa River fed by those
springs.

The Amargosa River Basin, which spans two states, three counties and one National Park, exists as one
of the most important desert waterways in the southwestern United States. Both the groundwater and
surface water in the basin support a unique and diverse ecosystem, while also supporting human needs
through domestic, agricultural, wildlife, stock-watering, mining and other industrial uses. As the river is
a groundwater-fed surface water body, relatively small variations in the groundwater surface elevation can
have considerable effects on the ability for the tiver to maintain surface flow. While the Nevada portion
of the basin has been well-stdied, primatily as a result of hydrologic studies centered on the Nevada Test
Site and the Yucca Mountain Project, until recendy the California portion of the basin has seen little in
the way of regional hydrogeologic investigations. ‘Therefore, it is essential that a monitoring program be
incorporated into management of the WSR that identifies changes in the groundwater system, priot to
the Amatgosa River being impacted.

In the Northern Amargosa River Basin groundwater is already over-allocated. Although pumping does
not curtently take place at the full amount entided to by water rights holders, considerable impacts to the
groundwater teservoir and associated springs could occur should those holders eventually fully exercise
their water rights. Groundwater usage within the Northern Amargosa River Basin has steadily increased
over the past 25 years, and the addition of a new industry to the area (solar) will likely provide additional
pressure on the groundwater resource. Also as groundwater usage increases in the Northern Amatgosa
River Basin, it is conceivable then that groundwater flow into the Middle Amargosa River Basin could
decrease. Given the importance of the alluvial aquifer to many of the springs in the Middle Amargosa
River Basin, this issue is of key importance to sustaining the Amargosa River.

Tn 2009, the Amargosa River between Shoshone and the terminus of the Amargosa Canyon received
Wild and Scenic status through an act of Congress. As a result, the BLM is charged with developing a
management plan for the Wild and Scenic portion of the River. It is essential that hydrogeologic
characterization of the California portion of the basin continue to take place in order for that management
plan, and its associated management recommendations, to have a firm basis, and to assure that monitoring
is conducted in a meaningful way to identify potennial impacts to the river and its feeder sptings before
irrevetsible impacts from future groundwater development occur. Based on the results of the current
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and past hydrologic work along the Amargosa River, the following sections highlight technical needs that
should be incorporated into a anagement plan for the Amargosa WSR.

41 Monitoring

Monitoring forms the basis for any water management activities in that it is impossible to manage any
resoutce without a basis for what that resource comprises. The recommendations provided below
confain provisions for both automated monitoring techniques and regular field monitoring. In desert
areas whete fiver channel or spting conditions can radically change as the result of one sumimer
thunderstorm, having regular field observations taking place is key to not only monitor the resouce, but
{0 assure that automated data collection devices are working correctly (and to perform maintenance) and
that physical conditions on the ground have not changed to the extent that automated data collection 1s

compromised (¢.g. river changing course and stream gage station no longer accurately measuring flow).

As described in Section 3.0, flow along the Amargosa River will be highly sensitive to changes in
proundwater level. Generally, water fises to the surface of the river channel where constticdons are
encountered forcing water to the surface. Groundwater monitoring will therefore be an essental
component to river management. Additionally, infestation of non-native vegetation such as tamarisk will
also have a negative cffect on river flow and spring flow whete it is present at spring discharge points.
Visual monitoring of vegetation, particulatly for the presence of tamarisk or other water-using, non-native

vegetation will be a key component of rivet management.
AZT makes the following monitoring recotrunendations:

s Spring Discharge, Water Level, Precipitation and Seepage Run Monitoring - Flow
* discharge and groundwater elevation measurements should continue and be collected on a regular
basis from the existing suite of springs and wells being monitored in addition to new wells.
Scepage run monitoring should continue to be conducted petiodically (at least three times per
year) on the stretch of River from Tecopa to the Dumont Dunes area and should continue to
consist of the existing five distinct monitoring locations (including the two USGS gauges, and
three manual monitoring points). Basic field water quality data should be collected at all discharge,

elevadon and seepage run monitoring points.

e Groundwater Level Measurements should be collected regulatly, preferably with pressure
transducer/data logger installations at all exisdng (currently n place) and futute monitoring wells.
The existing monitoring wells (ARHS-01 through ARSH-04) should continue to be monitored
as part of the Wild and Scenic Monitoting Program for the following reasons:

o ARHS 01- North of Shoshone - identification of changes in groundwater level north
of Shoshone Spring area resulting from pumping in northern part of basin;

o ARHS-02- Willow Creck — identification of changes in groundwater level that may
affect the most important tributaty to the Wild and Scenic Amargosa River;
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o ARHS-03 — Twelvemile Spring - ldentification of changes in groundwater level that
may indicate reduced movement of groundwater from Pahrump Valley beneath

northern portion of Nopah Range; and,

o ARHS-04 — “Married Man’s Camp” - identification of changes in groundwatet level
that may affect Willow Creek above the Willow Creek station.

Other wells to be monitored will include those new wells listed for future instatlation in Section
4.2,

e Visual Monitoring - Photographic and video (where applicable) documentation should be
collected from specific locations to identify noticeable changes in the spring and tiver
envitonments. This will assist in identification of tamatisk or other non-native vegetation
encroachment that could affect tiver and spring flows. Additionally, petiodic cross-checking with
aetial imagety should be conducted to identify changes to areas not specific to monitoring sites.

s Groundwater Usage — Monitoring existing and proposed groundwater usage throughout the
basin both in Nevada and Califosnia will be a key monitoring component protective of the W3R.

4.2 Additional Investigation

Cutrrently, there is insufficient information to develop a groundwater budget for the Middle Amargosa
River Basin or for that matter to specifically identify recharge locations for specific springs. Attempting
to evaluate groundwater recharge and groundwater underflow into the basin will be difficult both from a
technical standpoint and in funding what would be a major investigative endeavor. Therefore, the most
logical means to evaluate the groundwatet budget for the Middle Amargosa River Basin will be to develop
a firm understanding of the varous groundwater dischatge components including evapotranspiration
(including spring flow), subsurface underflow beyond Salt Creek and analyzing associated groundwater
level trends. The recommendations for additional investigations are based on AZI’s experience in the
Amargosa Basin and elsewhere, from M.L. Davisson & Associates; Inc., and from the USGS (2013,2014).

Based in the results of current investigative wotk, and in order to accomplish the latger goals of the
project, the following lines of investigation to refine the conceptual model for the Middle Amatgosa Basin
should be considered fall into three categoties including; 1) monitoring well installation to improve our
understanding of the system and provide protective monitoting points; 2) additional investigation for
sourcing of springs and the river; and 3) additional investigations to better understand the overall system.

e Additional Piezometer/Monitoring Well Installation — Up to 13 piezometets/monitoring
wells (wells) should be installed to further evaluate the conceptual model of this part of the
Amargosa Basin with an emphasis on understanding groundwater flow paths; and for
supplemental monitoring to evaluate baseline groundwater conditons and identificaton of
impacts to groundwater levels in the future should they occur. AZI anticipates the wells would

43
ANDY 7ZDON &

ASSOCIATES, INC.




2014 State of the Basin Report, Amargosa River Basin
Lnyo and San Bemardino Counties, California & Nye County, Nevada June 28, 2014

consist of both shallow (assumed depth of 25 feet below ground surface (ft bgs)) and deep
(assumed depth of up to 200 ft bgs) wells. We anticipate wells in the following general locations:

0 One deep well in the alluvial aquifer between Eagle Mountain and Shoshone (anticipated
depth to groundwater in this area is approximately 200 ft bgs);

o Two shallow wells along the Amargosa River between Shoshone and Tecopa;

o Two monitoring wells along the Amargosa River south of the Amargosa River Canyon
{one near the site of Sperry and the other at the end of the graded dirt road north of
Dumont Dunes);

©  One shallow well along the Amargosa River near Tecopa and the USGS Amargosa River
gaging station there;
o Four deep wells in the arca northeast, east and southeast of Tecopa to evaluate flow

coming from Chicago Valley and the Kingston Range, and,

o Up to three monitoting wells in California Valley / Southwest Pahrump Valley to evaluate
connectivity between the two valleys.

Deep monitonng wells in the carbonate rock aquifer would be particularly helpful in evaluating flow paths
and refining the conceptual model. However, they would also be costly. At this time, as it is anticipated
that most future groundwater production will occur in the basin fill aquifer, a focus on monitoring wells
in the basin fill is recommended here. Should sufficient funding become available for the installation of
deep monitoring wells that could penetrate the carbonate rock aquifer in a meaningful way, locatons that
should be considered would be at Twelvemile Spring; ARHS-01 north of Shoshone, and in the Death
Valley Junction/Eagle Mountain area.

¢ Geochemical Sampling of New Piezometers /Monitoring Wells - Water samples should be
collected from new wells and analyzed for a specific suite of consttuents, including field
parameters, general chemistry, anions, cations, a comprehensive suite of trace metals, and selected
stable/non-stable isotopes as presently being conducted with the exception of tritium which
would no longer be analyzed.

* Low-levels Metals Analysis — Although metals analysis has been conducted at springs in the
Middle Amargosa Basin, many of the metals are not detectable at standard laboratory detection
limits. Metals suites can be quite informative to understanding the relationship between waters,
s this would entail specialized analysis to obtain metals concentration information at substantially
lower detection limits than typically conducted.

¢ Radiocarbon Dating and Chlorofluorocatbons (CFCs) Analysis — Carbon-13 and Carbon-
14 analysis along with CFCs to age date waters, particulatly in light of the results of the current
analysis. Measuring radiocarbon abundance of spring water in the Amargosa River Valley with
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the lowest helium ratios would indicate either high flux along faults or whether waters are very
old.

® Measure additional *He/*He ratios — Between Ash Meadows and Tecopa area to provide a
continuum of ratios with downgradient distance and would facilitate the development of a

groundwater age model.

* Analysis of Salts in Discharge Areas — 1'o identify elements in discharge areas that may be
introduced into spring waters at specific discharge points and their solubilities that may alter the
chemical makeup of waters. This would provide comparative data to spring water containing
high concentrations of total dissolved solids to determine if this is a viable mechanism to explain
spring water compositions.

* Geophysical Investigations — Geophysical surveys in the vicinity of Tecopa to evaluate faulting
in the vicinity of the thermal springs. Additional surveys north of ARHS-01 to evaluate the
geologic connectivity between the northern portion of the basin and the area south of Fagle
Mountain. This would also help inform our understanding of monitoring results in that area.

® Installation of Four Precipitation Stations — To evaluate areal and elevation variations in
precipitation in the area (for greater understanding of the water budget of the area and to provide
information useful in distributing recharge in the numerical groundwater flow model) and to
refine our understanding of recharge sources and the effects of precipitation events on
groundwater-level fluctuations, four precipitation stations should be installed at the following

locatons:
© The south flank of Fagle Mountain;
o Twelverile Spring;
©  Saratoga Spring; and
o Horsethief Spring (in the Kingston Range).

Precipitation samples could be collected from these stations (particularly the Kingston Range
station) to evaluate recharge sources. These precipitation stations would also provide key data
for any future investigations on effects of climate change on the Amargosa River and its feeder
springs. These locations (along with the existing station in Tecopa) provide good areal coverage
and spanning a wide elevation range (from approximately 200 £t msl to 4,600 ft msl). Permitting
would be required by the BLM and Death Valley National Park (for Saratoga Spring). At this
time, it 1s planned that data downloading would be accomplished during quartesly events as part
of the hydrologic monitoring. It is anticipated that NOAA-IT precipitation gages would be
installed, manually serviced, and fitted with data loggers and flash memory data collection
modules. The stations would be able to account for snow water content which would be of
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particular importance at the Kingston Range locaton (Horsethief Spring area). Precipitation
stations would be secured by fencing,

43  Development of River Management Tool

The development of a refined numerical groundwater flow model for the Middle Amargosa Basin area
should be developed as a management tool upon which to base future water management decisions.
Ideally, the model would be created using the industry standard program MODFLOW ofiginally
developed by the USGS. The model should be developed in 2 means (e.g., using standard format files)
that allows such a tool to be used efficiently and cost-effectively by groundwater professionals fluent in
groundwater flow modeling representing governmental, non-profit and for profit ptivate sector
constituents and stakeholders. This will enable all future projects to be evaluated using the same tool

which is useable in a timely, cost effective manner.

44  Periodic Updating of Technical Requirements

Best Management Practices (BMPs) for future groundwater development projects in the Amargosa River
region should be established that are focused on protection of the Wild and Scenic Amargosa River. The
monitoting proposed is a starting point. With additional monitoring wells as listed in Section 4.2 and
additional investigations being conducted, the monitoring program will likely need to adapt to meet our
growing knowledge of how the Amatgosa River system works. The Wild & Scenic management plan
then will need to be a dynamic plan, able to guide the management of the river with our ever growing
knowledge of how it works and sustains its fragile ecology.
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5.0 CONDITIONS AND LIMITATIONS

This teport has been prepared according to generally accepted standards of hydrogeologic practice in
California at the time this report was prepared. Findings, conclusions, and recommendations contained
in this report represent our professional opinion and are based, in part, on information developed by
other individuals, corpotations, and government agencies. The opinions presented herein are based on
currently available information and developed according to the accepted standards of hydrogeologic
practice in California. Other than this, no warranty is implied or intended.
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Table 2-1

Field Reconnaissance Data Summary

Amargosa Basin
Califomia/Nevada

Date of . Elavatlon Flow Flow Temnp. Spec. Cond. TDS [2]a] H ORP
Name Visit Latitude | Longitude (ft ammsl) tapm) guhuo.mﬁﬂmua:n (tleg “mu HHM._nS —deg G) {mgiL) (mglL) P (V) Notes
Springs
Amargosa Canyon Spring 1 | 11/17/2010| 35.83037 ] 116 22399 1,264 38 meter 23.22 1.063 585 7.42 7.93 105.3  [North end of Amargosa Canyon in burned araa
Amargosa Canyen Spring 1 | 4/25/2011 | 35.830371 116223089 1,284 - — 2248 1.026 69 8.62 7.94 263.5  |Morth end of Amargasa Canyan i burred area
Amargosa Canyen Spring 4 | £11/2011 | 35.83837 | 116.2239% 1,294 65.1 bucket - -- — — - -~ North end of Amargosa Canyan in burned area
Amarposa Canyen Spring 1 | $/21/2011 | 35.83937 | 116.22398 1,294 40.5 bucket 25.79 1.078 700 7.74 3.1z <424  |North end of Amargosa Canyon in burned area
Amargosa Canyen Spring 1 ] 12/22/2011 | 35.83937 [ 116.22396| 1294 78 meter 18.73 1.009 &56 7.96 8.22 77.4  |North end of Amargasa Canyan in burned area
Amargesa Canyon Spring 1 | 5/1/2012 | 3583937 | 116.22398 1,294 67.7 bucket 23.27 0.573 363 9.28 8.33 18.7 North end of Amargosa Canyon in burned area
Amargesa Canyon Spring 1.| 1/26/2013 | 35.83837 | 116.22398 1,294 80.2 buciet 21 1.274 528 12.32 8 61.7 North end of Amargosa Canyon in burned area
Amargesa Canyon Spring 1 | 41972013 | 35.93037 | 116.22398 1,284 83.4 buckset 22.44 1.02 863 8.4 7.67 -106.5 _|Morth end of Amargosa Ganyon in burned area
Amargesa Canyon Sering 1 | 9/25/2013 | 35.83937 [ 116.2239¢] 1,004 51 bt 23.74 0.886 578 5.09 7.85 -180.4 | North end of Amargosa Canyon in burned area
Amargosa Canyon Spring 1 | 5/6/2014 | 35.83937 | 116.22398 1,284 72.4 bucket 223 1.346 878 7.289 8.17 838.2 North end of Amargosa Canyon in burned area
Amargosa Canyon Spring 3 | 1/42/2011 | 3582701 | 116.21942 1,262 30 visue| 16.74 1.698 1104 $.68 8.51 186.4  |Southern most Amargosa Canyon spring
Amergosa Canyon Spring 3 | 4/25/2011 | 3582701 | 116.21942( 1,262 25-30 visual 211 1.506 978 9.51 8.37 261.8 [Scuthern mesi Amargesa Carnyon spring
Amargosa Canyon Spring 3 | $/21/2011 | 35.82701 | 116.21942 1,262 18 meler 2579 1.5¢7 1038 8.57 8.26 -17.8 _ |Seuthern most Amargesa Canyon spring
Amargosa Canyon Spring 3 | 5672014 | 35.82701 | 116.21942| 1,262 10.4 bucket 208 1.861 1229 289 8.55 58.5  [Seuthern mosl Amargesa Caryon spring
Amargosa Canyon Spring 4 | 1/12/2011 | 35.8348 | 116.2228 1,382 25 visual 26.05 0.915 586 8.07 834 1822 |Amargosa Canyen spring eminating from east caryon w
Amargosa Cenyon Spring 4 | 4/25/2011 | 35.8348 | 118.2226 1,382 ~ - 26.25 1.24 309 B.B3 8.13 2421 |Amargesa Canyon spring eminating from easi canyen wall
Amargosa Canyon Spring 4 | 5/11/2041 | 35.8348 | 116.2228 1,382 7.7 buckel — — — — — — Amargosa Canyon spring eminating from east canven wall
Amargosa Canyon Spring 4 | 9/21/2011 | 35.8348 | 116.2226 1,362 8.1 bucket 28.2 1.347 a7e 7.32 8.16 -18 Amargesa Canyon apring eminaling from east canyon wall
Amargosa Cenyon Spring 4 | 12/22/2011} 35.8248 | 116.2226 1,362 9.1 burket 2615 1.273 328 7.34 833 111.3_ |Amargosa Canyon spring eminating fram east canyon wall
Amargosa Canyon Spring 4 | 5/1/2012 | 35.8348 | 118.2228 1,382 7 puckel 26.11 1.22 795 2.83 86 28.4 Amargosa Canyon spring eminating from aast canyon wall
Amargosa Canyon Spring 4 | 1/26/2043 | 35.8343 | 116.2226 1,382 7.9 bucket 26.39 1.637 999 942 831 552 |Amargesa Canyon Spring eminating from east canyon wall
Amargosa Canyon Spring 4 | 4/15/2013 { 35.8348 | 116.2226 1,382 7 buckel 26.64 1.333 867 8.4 7.86 -106.1  |Amargesa Canyen spring eminating from east caryon wi
Amargosa Cenyon Spring 4 | 9/25/20413 | 35.8348 | 1162226 1,362 7 buckel 27.73 1.1 714 5.d4 8.16 -188.5 _|Amargosa Canyen spring eminating from easi canyen wail
Amargosa Canvon Spring 4 | 5/6/2014 | 35.8348 | 116.2226 1,382 ~10 visual 28.4 1.684 1066 7.04 8.52 38.1 Amargosa Canyon spring sminating from east canyon wall
Beck Spring 1111902010 | 35.78358 | 115.9322 4,438 5 visual 17.91 0.54 351 397 7.14 161.6  |Lecated in the Kingsion Ranga
Borax Spring 1A42/2011 | 35.88804 | 116.26788] 1,342 8.8 bucket 30.53 3.019 1983 c.61 9.9 -206.7
Borax 8pri 5/5/2011 | 35.88804 | 116.25788] 1,342 6.9 buckset - - - - - -
Borax Spring $/21/2011 | 35.88804 | 116.25788| 1,342 59 bucket 30.51 2.981 1938 1.71 10.14 4047
Borax Spring 4/30/2012 | 3588804 | 116.25788| 1,342 57 bucket 30.52 2.74 1781 32 10.31 -217.1 _|pipe cracked on casing
Borex Spring 1/268/2013 | 35.88804( 11625789 1342 5.8 bucket 30.02 3.451 2242 0.99 10.08 -107.5 |pipe cracked on casing
Borax Spring 4/18/2013 | 35.86804 | 116.25783 1,342 81 bucket 30.44 2.985 1940 0.49 9.45 -307.2 ipa cracked on casing
Barax Spring 923/2013 [ 3588804 [ 11625789 | 1,342 6.1 bucket 30.14 2.488 1624 0.07 9.74 -324.8  |pipa cracked on casing
Borax Spring S5H2/2014 1 35.88804 | 11625789 ( 1,342 8.1 bucket 29.8 3.2 2100 0.27 10.02 -260.2 |pipe cracked on casing
Bore Hole Spring 11/11/2010( 35.88608 | 116.23418 1,356 20 visual AT.77 4.156 2704 2.28 862 141.4 ely part of Tecapa Hot Spring sysiem
Bere Haole Spring 51212011 [ 3588608/ 116.23416 1,356 20 visual 4368 4.176 2711 1.95 B71 109.5 &ly part of Tacopa Hot Spring sysiem
Bore Hole Spring 9/21/2011 | 356,88608] 116.23416 1,356 26.2 matar 47 48 4.202 2731 1.31 5683 74.6 ely part of Tecopa Hot Spring system
Bore Hole Spring 4/30/2012 | 35.68608 | 116.23416] 1356 50 bucket 47.68 3,89 2528 016 8.83 -13.3  |Likely part of Tecopa Hot Spring system
Bore Hole Spring 11262013 | 36588608 [ 116.23418f 1,356 105 matarivisual 46.83 4.852 3157 1.62 885 286  |Likely part of Tecopa Hot Spring system
Bore Hole Spring 4/18/2013 | 35.88608 [ 116.23415 1,356 a1 metarfvisual 47.75 4.202 2731 0.35 8.47 -143.3 |Lkaly part of Tecopa Hot Spring system
Bore Hola Spring 9/24/2013 | 35.88808| 116.23416] 1,356 10582 mater 46.59 571 2323 0.46 8.48 -240  |Likely part of Tecopa Hol Spring system
Bare Hole Spring 5/10/2014 | 35.88608 | 116.23418| 1,356 148 USGS® 48.3 4.453 2899 1.1 8.71 44.5  |Likely part of Tecopa Hat Spring system
Chappo Spring 11/12/2010] 35.94723 [ 116.18692] 1,989 <5 visual 24.52 0.782 508 0.92 7.48 48.9
Chappo Spring 5/1/2011 | 35.94723|116.18992( 1,989 <5 visual 23.23 0.755 451 3.81 7.81 82.6
Chappo Spring 5/9/2014 | 35.94723|116.18992| 1 989 <5 visual 286 0.998 650 0.63 7.47 82.7
Crystal Spring 11182010 ] 35.78503 | 115.86176 3.808 5 visual 21.08 0.632 411 4.23 7.458 165.6  [Localed in the Kingsten Range
Crystal Spring 462602011 | 3579503 | 115.86476| 3,808 13.5 bucket 2118 0.61 aar 573 7.52 257.5 [Located in the Kingston Renge
Crystal Spring 9/22/2011 1 3579503 | 115.96176( 2,908 4.5 bucket 21.38 0.837 414 512 7.29 0.4 Located in the Kingston Range
Crystal Spring 12422/2011 35.78503 | 115.96178 3,808 8.3 bucket 21.3 0.807 395 4.26 7.45 453.1 _ |Located in the Kingston Range
Crystal Spring 4/30/2012 [ 3579603 [ 115.96176| 3,808 5.9 buckel 21.19 0.586 361 6.06 7.61 34.2 [Located in the Kingston Range _
Lrysial Spring 1/25/2013 | 35.79503 | 115.956176 3,808 6.8 buckel 20.86 0732 476 5.&8 7.43 50.1 Located in the Kingstan Ranges
Crystal Spring 4/21/2013 | 35.78503 ] 115.96176 3,808 5.4 bucket 21.19 0.638 415 5.26 6.43 -100.5 |Located in the Kingstan Range
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Table 2-1
Field Reconnaissance Data Summary
Amargosa Basin
Califomia/Nevads

Date of . Elevation Flow Flow Temp. Spec. Cond. . TDS 28] | ORP
Name vigip | Letitude jLongitude | e omel) | tapm) gﬂﬂ_ﬂu.mz_ (e m_ namaa.%n ¢l fmgr) | (mgiL) iy (mv) Notes
Crystal Spring 9/24/2013 | 35.79503 | 11596476 3,508 7.1 bucket 21,52 0.538 349 3.51 7.3 -492.7 _ |Located in the Kingston Range
Crystal Spring 5/4/2014 [35.75503] 115.96176 3608 43 bucket 21.2 0.940 - 3.54 7.43 - Lecated in the Kingston Range
Doage City Spring 5/4/2014 |35.8B018} 116.22955| 1,387 ~20 visual 23 4302 2795 g2 879 804 |lLocated near Tecopa Hot Springs
Five Springs 1/118/2011 | 36.46457| 116.3193 2,349 30 buckst 34.44 0.623 338 3.96 7.77 107.1__|Located in Ash Meadows
Five Springs 8112011 [ 26.46457 1 116.3193 2,348 28.6 Bucket 34.24 0693 454 4.44 78 179.3  |Located in Ash Meadows
Five Springs 5/4/2012 | 36.46457 | 116.3193 2,348 221 bucket 34.52 0.664 432 5.26 7.68 30.1 Located in Ash Mesdows
Five Springs 1/24/2013 | 36.46457 [ 116.3193 2,349 23.8 bucket 34.18 0.826 538 4.868 7.69 385 Located in Ash Meadows
Five Springs A/24i2013 | 36.46457 | 116.3163 2,349 233 bucket 34.41 0.718 487 4.18 7.25 -105.3 |Located in Ash Meadows
Five Springs 9/23/2013 | 36.46457 | 116.3193 | 2,349 21 bucket 34.55 0.607 335 283 7.31 -195.6  [Locaied in Ash Meadows
Five Springs 552014 | 36.46457 | 116.3153 2,348 23.5 buckel 34.3 0.873 566 3.83 7.59 a7.3 Lacated in Ash Maadows
Horse Thiaf Spring 11192010 35.77284 | 115.88824| 4,637 5 visual 16.04 0.444 288 2.86 5.94 158.1  [Located in the Kingston Range
Horse Thief Spring 472812011 | 3577284 [ 115.88824 4637 101 buckat 16.31 0.436 284 5.91 .37 269 Located in the Kingston Rangs
Horse Thief Spring 9/22/3011 | 35.77204 | 11588824} 4,637 7.9 buckst 17 81 0.473 208 2.26 7.04 228 |lLocated in the Kingsten Range
Horsa Thief Spring 122212011 3577294 115.88824| 4637 8 cket 17.26 0.441 287 3.53 6.96 124.8 |Located in the Kingston Range
Horse Thief Spring 4/30/2012 | 36.77294] 115.88824 4637 8.8 bucket 18.72 0.429 279 3.96 7.2 62 Located in the Kingston Range
Horse Thief Spring 1/25/2013 | 35.77294 | 11580824 | 4837 = = 16.71 084 351 <4 &7 60 Locatad in the Kingsten Range
Horsg Thief Spring 4/18/2013 | 35.77294 | 115.88624 4 637 -~ — 16.64 0.5 326 2.54 6.47 -108.6  |Located in tha Kingston Range
Horse Thief Spring 972412013 [35.77294 | 11598824 4637 = — 17.86 0.401 261 1.69 6.84 -218.4  |Located in the Kingston Range
Horse Thief Spring 51412043 [35.77294] 11588824 | 4637 10 visual 16.8 Q.573 -- 1.7 6.95 - Lecated in the Kingston Range
Ibax Spring 114472010 | 35.77211§ 1164111 1,133 no flow visual 18,78 2.495 1617 0.98 876 305
Ibax mu;,:m 4{24/2011 | 35772111 116.4111 1,133 1o flow visua! 16.35 2234 1452 2.99 7.58 114.4
Ibex Spring 5{11/2014 | 35.77211] 116.4111 4,133 no flow VISUS 16.7 2327 1315 2.4 B.44 108.3
Owif Hole Spring 11/16/2010| 3563931 | 116.64766( 1,911 no flow visual 17.01 4.098 2664 .28 586 -73
Owl Hole w.miam 5/11/2014 | 35.63831 116.684766 1,911 na flow visual 13.7 7.543 4901 1.08 7.49 116.2
Resting Spring 1/23/2011 | 35.87728] 116.15757 1,767 150 bucksat 26.84 0.823 600 5.82 8.36 157.8
Salsbemy Spring 141072011 | 3593162 116.4182 3,410 5 vigual 235 0.595 368 13.01 8.24 181.8 | Spring waler mixed with runoff from meiting snow and ice
Salt Spring 11/5/2010 | 35.626822 ] 116.28041 550 <5 yisual 20.48 6514 4238 0.74 7.94 -176.9
Sait mm:.an 510/2011 [ 35.62622} 116.28041 550 <5 visual 19.48 B.844 5814 5.78 7.7 196.2
Salt Spring 5111/2014 | 35.62622 | 116.28041 550 <5 vigual 26.3 10,429 €793 .34 8.3 124.5
Saratoga Spring 11/4/2010 | 35.6808 | 116.42254 207 unknown visual 28.8 4.73 3078 2.48 7.71 2581
Sheep Creek Spring 11/5/2010 | 35.58863 | 116.36047 1.719 5 visual 231 0.614 400 8.57 9.02 82.5
Sheep Craek Spring 4/24/20141 | 35.58863 | 116.36047 1,719 5 visual 21.4 1.218 789 7.67 7.78 188.2
Sheephead Spring 1417/2011 | 35.89979 | 116.40629 | 3253 2 visual 11.58 0.818 531 8.58 8.22 168.8 :
Shoshane Spring 1/23/2011 [ 35.980566] 116.27384 1611 260+ maetar 3354 1.624 1056 3.75 7.79 162.7 | This is from the Shoshene Spring source
Shoshane Spring 4/27/2011 | 35.880568 | 116.27384 1,811 280+ meter -- - — - — — This is from the Shoshone Spring source
Shoshane Spring 5/1/2042 | 35.98056] 116.27384 1,611 104™* . bucket 33.51 1.477 950 6.77 7.68 16.7 Thig is from tha Shoshene Spring source
Shoshane Spring 1/29/2013 | 35.98066] 116,27284 1,611 - - 33 1.847 1201 5.85 7.66 30.7 is is from the Shoshene Spring source
Sheshone Spring 5/2/2013 | 35.98B05€ | 116.27384 1,611 - - 33.47 1.601 1040 4.5 7.41 -97.1 s from the $hashone Spring source
Sheshone Spring 9/26/2013 | 35.98056| 116.27334 1,611 — -~ 33.62 1.35 B78 2.55 7.23 -182.1 ig from the Shoshone Spring source
Sheshone Spring 5/12£2014 | 36.98056 | 116.27384] 1,611 - — 32.3 1.831 1180 299 7.51 149.4  [This is from the Shoshone Spring source
Smith Spi 111192010 | 35.78814 | 11599752 3 066 -1 visual 21.41 0.451 293 536 7.81 86.9 Data from flow oul of spring box
Smith mm._zn 4/26/2041 | 35.78814 [ 115.99752 3,086 2-3 visual - - - - - - Data from flow out of spring box
Smith Spring 592014 | 35786814 11599752 3,066 dry visual — — — — - — Data from flow owt of spring box
Tecopa Hot Spring 1111172010 35.8789 | 116.23812 1,332 e bucket 40.76 4.306 2799 084 B.81 120.7 __[Sample from Amargosa Conservancy Trailer spring outlet
Tecopa Hot Spring 9/21¢2011 | 35.6788 | 116.23812 1,332 S buckel 38.85 8.4 4100 2.74 918 714 Sample from Amargasa Congervancy Trailer spring outlet
Tecopa Hot Spring 443012012 | 35.8738 | 116.23812 1,332 4.9 bucke! 41.2 3.525 2311 3.54 B.86 20 Sample from Amargoss Congervancy Trailer spring outlel
Tecopa Hot Spring 1/29/2013 | 358789 [ 11623812 1,332 54 bucket 38.02 5 3250 3.48 B.87 32.8 [Sample from Amargosa Conservancy Trailer spring oullst
Tecopa Hot Spring /232013 [ 358789 | 116.23812 1,332 § 3+ bucket 41.38 3675 2388 1.7 843 -237.4 _|Semple from Amargesa Conservancy Trailer spring outlet
Tecopa Hot Spring 5102014 | 35.6788 | 116.23812 1,332 ~5 visual 40.8 4.538 2980 0.23 8.71 80.7 Sample from Amargosa Consarvancy Trailer spring outlet
Thom Spring 11/11/2010| 3585661 | 116.22677 1,408 £ visual 24.81 1.571 1024 2.77 7.63 148.3 |Dala from Flowing water within the vegetation
Thom Spring 44302012 | 35.85661 | 116 22677 1,408 ~2 visyat 24.9 1.478 960 JE6 679 74.¢ _ |Data from flowing water within the vegstation
Thom Spring 1/28{2013 | 35.85861 | 116.22677 1,408 <5 visual 28.83 1818 1182 . 28 7.73 329 Data abtained near medifiad outflow
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Tahle 2-1
Field Reconnaissance Data Summary
Amargosa Basin
California/Mevada

Date of Elevation Flow Flow Temp. Spec. Cond. TDS als] H ORP
Name Visit Latituds | Langftude {ft amsl) {gpmj ;a_ﬂuo”_—””ﬂ.mi (deg _M"- _—BM__n:._h_nn C) (L) (mgiL) F (mv} Notes
Thom Spring 4530i2013 | 3585661 116.22677| 1,408 <5 visual 27.96 1.601 1,04 1.83 72 1415 |Data obtained near medified culflow
Them Spring 9/25/2013 | 3585661 [ 116.22677; 1,408 <5 vigual 2908 1.34 a71 113 7.35 2099 |Data obtained near modified outflow
Thom Spring 5/5/2014 | 35.65651 | 116.22677 1,408 =<5 vigual 278 1,888 1229 0.93 7.55 83 Data cbianed near madified outflow
Twelvemila Spring 11/14/2010] 26.02172] 116.15531| 2,240 no flow visual 19.23 08 520 1.38 7.66 141 |Data from shallow puadle
Wild Bath Sering (17112010] 3587277 116.21932] 1,424 1.7 bucket 29,88 1.642 1067 469 7.9 165.5 | Tub ‘ocated off Furnace Creek Read behind Tecopa Het Springs
d Bath Spring 94112011 | 35.87277 | 116.21932 1,424 1.9 buckat 37.99 1.664 1083 5.59 7.83 2.2 Tub located off Fumace Creek Road behind Tecope Hot Springs
Wild Bath Spring 5552012 | 35.87277] 116.21932 1,424 1.3 hucket 34.89 1.558 1012 £.64 837 16.2 Tub located off Furnace Cresk Road behind Tecopa Hat Springs
Wild Bath Sering 142502013 | 3587277 116.21932] 1,424 <2 visual 36,53 1.906 1024 452 7.84 52.8 | Tub coverad with plastic tarp
Wild Bath Spring 5142013 | 3587277 118.21932 [ 1424 <2 vigual 33.83 1.633 1061 3.97 7.81 958 |Tub located off Fumace Craek Road behind Tecopa Hol Springs
Wikl Bath Spring 0/26/2013 | 35.87277 [ 116.21932] 1424 <2 visual 30.76 1.403 911 5 8.07 178.5 | Tub lacated off Furnace Creek Road betind Tecopa Hot Springs
Wild Bath Spring 571012014 | 35.87277 [ 116.21932 |  1.424 <2 visual 355 1.872 4218 3.65 8.2 855 | Tub located off Furnace Crask Road behind Tecopa Het Springs
China Ranch Cyn Spring 1 | 1/13/2011 2580335 11614009 1,770 10 vigual 13.94 1.215 783 9.34 8.5 445 |alks Willow Canyon 1 sgring
China Ranch Cyn Spring2 | 14132011 [ 35.80445 416.14236] 1,787 20+ yvisual 21.28 0.931 606 6.22 817 46.6 |aka Wilow Canyon 3 spring
Willow Spring 1 14722010 | 35.80556 | 116.18284 |  1.420 28 puckel 2373 1.502 958 572 A.26 3.4 Junction of spring waier caplura piping (above pond)
Willaw Spring 4 412612011 | 35.805561 116.18284 1,420 -- — 21,92 1.141 737 8.24 7.28 93.1 Junction of spring water capture piping (abgve pond)
Willow Spring 1 9/23/2011 | 35.80556 [ 116.18284 1,420 20 bucket - - ~ ~ - - Combined pond outflow and spring DOX
Willow Spring 2 171802011 | 35.80098 116.19449 1,235 120-130 meter 17,88 1.91 1241 8.34 8.18 1.1 |Measuement taken at culvert
Willow Spring 2 9232011 | 35.80006] 115.19448] 1,235 52.8 meter 24.18 1.028 666 8.06 8.14 202 |Measurement taken at culvert
Willew Spring 2 5112012 | 3580098 [ 116.184409] 1235 - - 22.33 1.164 756 8.85 B.09 162 |Measyremen taken at culver
Willow Spring 2 4130/2013 | 3550088 | 116.19449| 1,235 - -~ 22.99 1.154 750 7.42 7.24 1168 |Measirement taken at culvert
low Spring 2 96120123 | 35.80008 ] 11619449 4,235 37 metar 23.64 0.837 544 58 a 1694 |Measurament laken at culvert
Wiillow Spring 2 925/20123 | 35.80008] 116.19448] 1,235 4.5 USGS — — — - - — Maasuremert taken at culvert
Amargosa River )
Amargosa RiverlUSGS 1 | 11/3/2010 3584954 | 116.230811 1,325 40 USGS = - - - - - At the Tecopa USGS flow station
Amargosa RiveriSGS 1 4129420711 | 35.84954 | 116.23081 1,325 94 USGS — - — - - - Al the Tecopa USGS flow station
Amargosa River/SGS 1_| 9/22/2011 | 35.84954 116.23081 1,325 31 usGs - - - - - - Al the Tecopa USGS flow station
Amargosa River/USGS 1 1242212011 | 35.84954 | 116.23081 1,325 583 USGS - - — — — - Al ihe Tecopa USGS flow station
‘Amargosa River/lUSGS 1| 4/30/2012 35.84954 | 116.23081 1,328 117 USGS 17.97 10.806 7024 10.28 9.36 36.3 | Atthe Tecopa USGS flow station
Amargosa RiverflUSGS 1_| 1/20/2013 [ 35 84854 116.230811 1,325 162 USGS 5.89 44,25 0264 17.48 B.71 574 |Althe Tecopa USGS flaw station
Amargosa River/USGS 1| 4/30/2013 35.84954 | 116.23081 1,325 45 USGS 17.52 9.69 6303 10.14 8.24 172.8 | At the Tecopa USGS flow station
Amargosa River/USGS 1| 9i26/2013 35.54954 | 116.23061 1,325 18 USGS 19.4 5.65¢ 3681 54 8.58 207 |Atihe Tecopa USGS flow siation
Amargosa RiverfUSGS 1| 51072014 | 35.84054 | 1 16.23081 1,325 130 USGS 18.5 9.499 6142 7.98 8.2 235 |Atthe Tecopa USGS flow station
Amargosa River/USGS 2 | 4/28/2011_| 36.79042 116.20777} 1,084 558 meler 18.13 3.875 2520 12,65 B.52 152 At China Ranch USGS flow station
Amargosa RiverA) SG§ 2 51062011 | 3579042 | 118.20777 1,094 656 matar 159 3.481 2263 11.45 8.46 189.5 |At China Ranch USGS flow stalion
Amargosa River/USGS 2| 9120/2011 3579042 11620777 | 1,084 350 USGS 23.08 3.658 2378 40.22 8.53 3.4 At China Ranch USGS flow station
Amargosa River/USGS 2 | 12/22/2011 3579042 [ 116.20777| 1,084 943 JUSGS ~ — - - - = At China Ranch USGS flow station
Amargosa RiverlUSGS 2 | 5//2012 3579042 | 116.20777¢ 1,084 487 .9 meier 19.07 3.809 2534 12.02 869 51.8  |At China Ranch USGS fiow station
Amargosa RiverUSGS 2 £32012 | 3579042 116.20777 | 1,004 763 UsGS - - - - - - Al China Ranch USGS flow slalien
Amargosa River/USGS 2 172712013 | 35,76042 | 116.20777 | 1,094 914 meter 11,33 10.56 6863 45.83 8.57 BE Al China Ranch USGS flow station
Amargosa River/USGS 2| 1/27/2013 | 3579043 1 16.20777] 1,084 539 UsGs - - - - — - At China Ranch USGS flow station
Amargosa RiverUSGS 2 | 4/2012013 3579042 | 116.20777) 1,084 399 meier 15.96 4834 3012 14,04 8 104.8 |At China Ranch USGS flow station
Amargosa RiverlJ SGS 2 A2002013 | 35.79042] 116.20777 1,094 484 UsGS - - - - -- - Al China Raneh USGS flow slation
Amargosa River/USGS 2| 9/24/2013 | 35.78042 116.20777| 1094 735 meter 15.1 3.263 2121 5.95 8.32 1844 | Al China Ranch USGS flow station
Amargosa River/lUSGS 2 /242013 | 35.79042 | 116.20777 1,084 1436 USGS - - - - - —~ At China Ranch USGS flow station
Amargosa RiverJSGS 2 542014 | 35.79042 | 116.20777 1,094 527 meter 17,6 4.443 2868 9.83 861 84.4 At Ching Ranch USGS flow station
Amargosa RiverfUSGS 2| 5/4/2014 | 3579042 116.20777] 1,094 444 UsGs = - - — = — Al China Ranch USGS flow siation
Willow Creek A4/20/2011 | 35.78757 | 116.20039| 1,107 42.9 bucket 20.75 1.474 954 5.4 8.42 160.6 | Above confiuence with Amargosa River
Willow Creek 1272202011 35.78757 [ 116.20039} 4,107 ary buchket - - - - - - Above confluence with Amargosa River
532012 | 3578757 [ 116.20038] 1,107 vy bucket 20.53 1.357 882 10.88 838 254 |Above confluenca with Amargosa River
11272013 | 36.78757 | 116.20039 1,107 33 malterivisual 14.28 1,651 1073 15.48 8.38 69.3 | Above confluence with Amargosa River
A4/20/2013 | 35.78757 | 11620039 1107 47 meter 27.07 1.414 919 9,28 8.15 1071 |Above confluence with Amargosa River
Willow Craek ar24/2013 | 35.78757 | 116.20039| 1,107 dry visual — == - - - — Above confluenca with Amargosa River
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Table 2-1

Field Reconnaissance Data Summary

Amargosa Basin

Californis/Nevada
' Date of 5 Elevation Flow Flow Temp. Spec. Cond. TDS ale) pH CORP
Name vig | Latltuds fLongitude| "o Lo igpm) Messuroment|  (deg ) (mSfem-deg €] | (mgiL} | {(mgrt) (mv) Notas
Willow Craek 5412044 | 35.7B757 | 116.2003¢| 1,107 25 metarfvisual 18.1 1424 923 10.1 .61 106.1 | Above confluence with Amargosa River

Amargosa River Confluence | 4/29/2014 | 35.785 | 116.2023 1,053 862 meler 20.28 3.68 2523 $.25 8.64 205 Confluence with Willow Craek

Amargosa River Confiuence | 9/22/2011 | 35785 | 1162023 1,053 332 meter 19.24 4 226 2748 9.5 8.48 7.2 Canflugnce with Willow Creek

Amergosa River Confluence } 12/22¢2011| 35.785 | 116.2023 1,053 463 meter 477 5657 3677 11.7 B8.39 83.6 Coanfluence with Willow Creak

Amargosa River Confluence | 5/3/2012 I5TEE | 116.2023 1,053 385 melar 17.88 4,282 2770 10.26 859 32.2 Confluance with Willow Creak

Amargosa River Confluencai 1/27/2013 | 35.785 | 116.2023 1,053 561 meter 10.51 7.547 4805 15.82 7.94 89%  |Confluence with Willow Creek

Amargose Rivar Confluence | 4/20/2013 | 35.785 116.2023 1,053 583 meter 14.05 6,004 3253 11.48 B.02 -111.9 [Confluence with Willow Creak

Amargasa River Conflusnca | 9/24/2013 | 35.78% | 116.2023 1,053 461 meter 14 61 3.54 2301 7.04 843 -147.5 [Confluence with Willow Creek

Amargosa River Confluence | 5/4/2014 35785 | 116.2023 1,053 643 nmeter 17.3 4.786 3114 9.21 663 111.4  YConfluence with Willow Cresk
Amargosa River 3 11/16/2010} 35.74637 | 118.22219 846 477 metar 18.08 4.015 2610 10.89 B.7% 1721 |At Sperry Wash
Amargosa River 3 4/26/2041 { 35.74637 | 116.22219 848 462 meter 1967 4.225 2745 10.08 8.6 202.3 At Sperry Wash
Amargosa River 3 5/5/2011 | 36.74637 | 116.22218 346 271 meter 19.4 4.198 2728 10.81 864 190.9  [At Sperry Wash
Amargosa River 3 9/20/2011 | 35.74637 ] 118.22219 846 168 mater 26.58 4.428 2879 10.18 8.91 -11.8  |At Sperry Wash
Amargosa River 3 9/23/2011 | 35.74637 | 116.22219 846 118 meter 17 4.321 2809 11.03 8.5 -10.5 AL m.mmaq Wash
Amargosa River 3 12/212011 | 35.74637 | 116.22219 446 389 meter 9.33 5179 3366 11.3 8.6 130.7 At Sperry Wash
Armargosa River 3 5/4/2012 § 35.74637 | 116.22219 846 366 meter 24.22 4.368 2852 11.75 g.02 22.4  |At Sperry Wash
>:._m|qmomm River 3 1/26/2013 1 35.74837 | 116.22219 846 510 meter 13.02 6.656 4326 16,55 3.32 76.2 At Sperry Wash
Amargosa River 3 4/1B/2013 | 35.74637 | 116.22248 848 388 meter 25.65 5223 3395 12.37 8.4 =102 |At Sparry Wash
Amargosa River 3 92342013 [ 35.74637 ] 116.22248 846 275 meter 22.71 4.171 2711 8.34 8.69 -157.7 | At Sperry Wash
Amargesa River 3 5/4/2014 | 35.74637 | 116.22219 845 5a8 meier 262 4.831 3140 12.72 8.93 29.8  |Af Svarry Wash
Amargosa River 4 4/29/2011 | 35.6896809 | 116.25082 849 70 meter 1567 4472 2904 11.88 8.93 206.3 | Al crossinig of Dumont Dunes Road
Amargosa River 4 6/5/2011 | 35.69609 | 116.25082 £49 dry meler - — — — - — At crossing of Dumont Dunes Road
Amargosa River 4 92372011 | 35.69609 | 116.25082 549 dry meter — - - - - -~ At crossing of Dumont Dunes Road
Amargosa River 4 12/21/2011 | 35.69608 | 116.25082 649 136 meter 3.79 4727 2073 12.35 B.E 214.1 1Al crossing of Dumont Dunes Road
Amargosa River 4 5/4/2012 | 35.69609 | 116.25082 848 44 meter 27.23 4817 2003 207 922 22.5 1At crossing of Dumont Dungs Road
Amargesa River 4 1/26/2013 | 35.69609 | 116.25082 549 171 meater 12.06 8.026 3916 15.34 8.49 76.4 Ai crossing of Dument Dunes Road
Amargosa River 4 4182013 | 35.69609 | 1156.25082 549 dry meler - - - - - — At crossing of Dumont Dunes Road
Amargosa River 4 9232013 [ 35.69609 | 116.25082 849 =50 visual 16.54 5134 3338 E.B 8.95 -195.2 At crossing of Dument Dunes Road
Amargesa River 4 5/4/2014 | 35.69609 | 116.25082 849 <50 254 5928 3854 7.9 9.15 79.1 At crossing of Dumant Dunes Read
Amargosa River 2 111612010 ) 36.66418 | 11628722 443 256 meler 21.4 4.295 2793 8.64 8.89 128.7  |At i 127 crossing south of Dumoni Dunes
Amargosa River 2 4/20/20114 | 35.664181 116.28722 443 dry visual - -- = - - - At rl 127 crossing soulh of Dumoni Dunes
Amargosa River 2 515/2011 | 35.66418] 11626722 443 dry visual - —~ — —~ — —~ At it 127 crassing south of Dumornt Bunes
Amargosa Rivar 2 9/23/2011 { 35.66418] 116.28722 443 dry visuat - -- - - - - At ri 127 crossing south of Dumont Dunes
Armargosa River 2 122172011 35.66418 ) 116.26722 443 dry visual -~ = = - - - At 1t 127 crassing south of Dumant Dunes
Amargosa River 2 5/4/2012  35.66418} 118.29722 443 dry visual — — - - — — At it 127 crossing south of Dumaont Dunes
Amargosa River 2 112612013 | 35.66418 | 116.29722 443 dry visual - -- -- - — — At rt 127 crossing south of Dumant Dunes
Amargasa Rivar 2 418/2013 | 35668418 | 116.29722 443 dry visual = = - — - — At rt 427 crossing south of Dumant Dunes
Amargosa River 2 9/23/2013 | 35.66418 | 116.29722 443 dry visual — — - — — — At 1t 427 crossing south of Dumant Dunes
Amargosa River 2 5/4/2013 | 35664181 116.29722 443 <50 visual -~ - - — -- — Al rt 127 crossing south of Dumont Dunas
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Table 2-1
Field Reconnaissance Data Summary
Amargosa Basin
California/Nevada

Date of | Elevation | Flow Flaw Temp., Spec, Cond, oS Do H ORP
Nane Vislt Latitude |Longitude ft amsl) {gpm) Zohﬂﬁ“ﬂ_»a:ﬁ {deg M— ﬁ:amu._ow...n..uam ) (mg/L) (maiL) P {mv) Notes
wois o
top of cas(ng)
ARHS-1 5/25/2012 | 38.0773 | 116.2953 1,780 111.72 dtw metar 35 2,941 1810 2.04 B.26 107.3  |ALrt 127, 6 miles norh of Shashone, CA
ARHS5-1 4/24/2013 | 36.0773 | 116.2953 | 1,780 111.88 dtw metar - - - - - - Atrt 127, 6 miles north of Shoshens, CA
ARHS-2 5/25/2012 | 35.8054 | 146.1825 1,43¢ 5.79 gdtw meter 24.36 0.912 583 4.2 7.54 129.8  |At China Ranch
ARHE-2 1/25/2013 | 35.8054 | 118.1825 1,430 5.94 diw meter 2373 1.085 714 5.52 7.6 38.8  |At China Ranch
ARHS-2 4/30/2013 | 35.8054 | 116.1825 1,430 §.83 dtw meter - - — - - - At China Rench
ARHS-2 9/24/2013 | 358054 | 1161825 ] 1,430 6.29 dtw meter 25.73 0.758 519 34 7.26 -178.8 _|At China Ranch
ARHS-2 5/9/2014 | 35.8054 | 116.1825 1,430 569 diw meler 24.5 1,27 B26 3.86 7.46 178.4 |At China Ranch
ARHS-3 4/24/2013 | 36.0218 | 116.1554 2,205 18.64 diw meter 248 077 500 5.48 5.86 -101.2 [Located adjacent to 12 Mile Sprin
ARHS-3 92412013 | 36.0216 | 116.1554 | 2,205 19.34 diw meler 24.63 0.647 421 a.72 7.42 -1827 |located adjacent io 12 Mile Spring
ARHS-3 5/5/2014 , 36.0216 | 116.1554 2205 19.13 dtw metar 24,3 1.087 709 5.5 7.68 81.1 Lecated adjacent 1o 12 Mile Spring
ARHS-4 9/24/2013 | 357998 | 116.1035 2072 12.5 dtw mater 2408 0.656 427 4.1 7.5 -171.6__|Lccated adjacent 1o Married Man's Camp
ARHS 4 5/9/2014 | 35.7998 ! 116.1035 2,072 11.94 dbw matar 228 1.108 722 4.96 7.52 1496 |located adjacent to Marmied Man's Camp
Cynthia's Well 11672011 | 358461 [ 116.20478 1,447 38.67 dbw meter 20.61 0.898 584 7.1 8.5 110.4  |Located in Tecopa Heights
Cynthia's Well 5/12/2011 | 35,8461 | 116.20478 1,447 40.51 diw meter - — — - -- - Located in Tecopa Heights
Cynthia's Wail 9/23/2011 | 35.B461 | 116.20478 1,447 42.75 diw meter - — - - - — L ocated in Tecopa Heights
Cynthia's Wall 5/5/2012 | 35,8461 [ 116.20478| 1,447 40.22 dtw meter 2231 1163 756 3 838 338 |Located in Tecopa Hsights
Cynthia's Waell 1/27/2013 | 35,8461 | 116.20478] 1,447 39 ditw meter — - - — - — Located in Tecepa Heights
Cynthia's Wali 4/25(2013 | 35.8481 [ 116.20478 1,447 40.95 dtw meter 2306 1.251 813 2.75 7.36 -113.8 |located in Tecopa Heights
Cynthia's Wall §/12/2014 | 35.8461 [ 116.2047B 1,447 41.16 diw meter 23.8 1.151 748 6.2 7 .86 76 Located in Tecopa Heights
Eagls Mountain Wall 11442010 | 36.24987 [ 116.3053 2,007 14.82 diw metar 22.76 3.35 2177 4.25 8.85 54.4 Located weast of Eagle Mountain
Eagla Mountain Well 5M72011 | 36.24987 | 116.3953 2,007 14.78 ditw meter — — — - - - Located wast of Eagle Mauntain
Eagla Mauntain Weil 9/21/2011 | 36.24087 | 116.3953 2007 1477 dtw mater = - = - - - Located west of Eagle Mountain
Eagla Mountain Wel 4/30/2012 | 3624087 | 116.3953 2,007 14.94 diw mater 19.79 3251 2112 734 842 385 [Located west of Eagle Mountain
Eagle Mountain Wel 1/24/2013 | 36.24987 | 116.3953 2,007 15 dtw mater ] 21.23 4.043 2628 7.68 8.45 41.1 Located west of Eagle Mauntain
Eaple Mountain Well 412472013 | 36.24987 | 116.3963 2,007 14.97 dbw meter 2008 3.487 2267 7.05 7.93 -412.4 |Located west of Eagle Mountain
Eagle Mountain Well 82372013 [ 36.24887 | 116.3953 2,007 14.75 diw mater 22.8 2.984 1938 5.9 8.09 -181.4 |Located west of Eagls Mountain
Eagls Mountain Well 5/9/2014 | 36.24987] 116.3853 2,007 14.92 diw meter 20 3.864 - 66 8.56 - Located west of Eagle Mountain
Married Man's We 1141642011 | 35.80038 ] 116.10177 2,056 2682 diw meter - - — — — — Locate at head of Willow Creek Wash
Married Man's We 4/30/2012 | 35.80038 | 11610477 2,096 2549 diw meter 23.96 1,258 B16 361 7.59 -114.5 |Locale at head of Wilow Creek Wash
Married Man's Wall 126/2013 | 35.80038] 116.10177 2,096 25.51 diw meter - - -- - - - Locate at head of Willaw Cresk Wash
1M6/2011 | 35.8512 }116.24252( 1346 NA NA 2429 2.04 1326 6.63 3.33 62 Located west of Amargosa River {opposite of Tecopa)
1/28/2013 | 36.28748| 118.37854 2,017 <5 visual 21.17 1.653 1074 0.97 8.66 39.9 Located southeast of Death Valley Junction
Hog Farm Wall 4/24/2013 | 36.28748] 116.37854] 2017 <5 visual 21.56 1.432 930 <1 7.687 -180.7 _|Located southsast of Dealh Valley Junction
Heg Farm Well 9/23/2013 [ 36.2874B| 11637854 2017 <5 visual 2194 1.218 792 0.4 9.48 -253 _ |Located southeast of Death Valley Junction
Hog Farm Well 5/5/2014 [ 38.2874B| 1168.37854| 2017 <5 visual 216 1.74 113 0.14 9.74 31.3  |tocated southeast of Dasth Valley Junction
Tocopa School Wall 11/11/2010] 35.84354 | 116.21743 1,372 NA NA 20.068 1.372 892 4.59 7.6 181.2 [Sample from spigot adjacent 1o well head
Tule Spring Well 11132010 35.81178] 116.04809 1,689 10.4 dtw meter 18.85 0.855 556 0.23 7.42 -54.8  |Data from well. Strong odar of decay
Tule Spring Well 4/30/2012 | 36.611781 116.04509 1.889 1001 ditw meter 19.37 0.827 537 1.76 787 268 Data from well._No smell from well.
Tule Spring Well 1/25/2013 | 35.81178] 116.04809 1,889 10 dtw meter 17.44 0.981 838 <2.5 7.35 68.5 Data from well. No smell from well.
Tule Spring Well 4/21/2013 | 35611781 116.04509 1,989 9.83 diw meter 17.38 0.91 591 1.35 6.9 -160.6 _|Data from well. Moderate odor of decay
Tule Spring Well 9/24/2013 | 35.61178] 116.04009| 1,982 108 dtw meter 2091 0.728 473 0.37 742 -272.3 |Data from well._Moderate cdor of decay
Tule Spring Well 5/9/2014 | 3581178 116.04209) 1988 9,98 dtw meter 19.2 1234 900 0.5 7.4 58.9 |Data from wall. Modarats odor of decay

Hotes:

#l amsl = feel abave mean sea leval

gpm = gallons par minute

Temp. = termperature

deg C = degrees Celcius

mS/cm-deg G = miliSiemans per centimeter degrees Celcius
Spec. Cond. = specific conduclivity
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Table 3-1
Mean Annual Flow
Amargosa River
California/Nevada

Discharge (cfs)

Year
Station 1 Station 2 Station 3 Station 4 Station 5

19682 ND 1.04 ND ND ND
1963 ND 2.54 ND ND ND
1964 ND 0.788 ND ND 0.011
1965 ND 1.03 ND ND 0.019
1966 ND 7.67 ND ND 0.000
1967 ND 0.736 ND ND 0.776
1968 ND 1.68 ND ND 0.249
1969 ND 9.19 ND ND ND
1970 ND 1.36 ND ND ND
1971 ND 0.648 ND ND ND
1972 ND 0.626 ND ND ND
1973 ND ND ND ND ND
1974 ND 0.596 ND ND ND
1975 ND 0.722 ND ND ND
1976 ND 9.93 ND ND ND
1977 ND 8.80 ND ND ND
1478 ND 8.59 ND ND ND
1979 ND 0.567 ND ND ND
1980 ND 4.86 ND ND ND
1981 ND 1.06 ND ND ND
1982 ND 0.948 ND ND ND
1983 ND 14.9 ND ND ND
1984 ND ND ND ND ND
1985 ND ND ND ND ND
1986 ND ND ND ND ND
1987 ND - ND ND ND ND
1988 ND ND ND ND ND
1989 ND ND ND ND ND
1990 ND ND ND ND ND
1991 ND ND ND ND ND
1992 ND 3.38 ND 0.046 ND
1993 ND 11.70 ND 0.095 ND
1994 ND 0.222 0.014 0.000 ND
1995 ND 6.36 0.220 1,72 ND
1996 ND ND = ND ND ND
1997 ND ND ND ND ND
19388 ND ND ND ND ND
1999 ND ND ND ND ND
2000 1.82 0.726 ND ND ND
2001 1.14 0.864 ND ND ND
2002 ND 0.724 ND ND ND
2003 ND 5.23 ND ND ND
2004 ND 1.26 ND ND ND
2005 ND 11.1 ND ND ND
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Table 3-1
Mean Annual Flow
Amargosa River
California/Nevada

Discharge {(cfs)
Year
Station 1 Station 2 Station 3 Station 4 Station 5
2006 ND 0.629 ND ND ND
2007 ND 4.89 ND ND ND
2008 ND D.512 ND ND ND
2009 ND 0.531 ND ND ND
2010 ND 1.52 ND ND ND
2011 ND 5.04 ND ND ND
2012 ND 0.370 ND ND ND
2013 ND 0.688 ND ND ND
Motes:

Station 1 = USGS 10251375 Amargosa River at Dument Dunes near Death Valley, San Bernardina
County, California (Latitude 35%41'45", Longitude 116215'02" NAD27).

Station 2= USGS 10251300 Amargosa River at Tecopa, Inyo County, California
(Latitude 35°50'45", Longitude 116213'45" NAD27).

Station 3= USGS 10251259 Amargasa River at Hwy 127 near Nevada State Ling, Inyo County, California
(Latitude 36%23"12", Longitude 116¢25'22" NAD27).

Station 4 = USGS 10251218 Amargosa River at Hwy 95 below Beatty, Nevada, Nye County, Nevada
{Latitude 36°52'52", Longitude 116245'04" NAD27).

Station 5= USGS 10251220 Amargosa River near Beatty, Nevada, Nye County, Nevada
{Latitude 36°52'01.76", Longitude 116245'37.53" NADS3).

ND = No Data
Complete Annual Data Sets Only.
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Table 3-2

Summary of Pumping

Amargosa Desert
Nevada

Pumping (AFY)

Year .
Irrigation Mining Commercial D:M wu_ﬂ_vﬂ“”.m.m__.._“um_ Other Total Pumping

1983 9,105 125 20 250 NA 9,500
1985 8,472 950 20 230 NA 9,672
1986 8,553 550 10 125 NA 7,238
1987 5,700 302 10 125 NA 6,137
1988 2,978 996 10 125 NA 4,109
1989 1,666 2,220 10 125 NA 3,921
1990 4,953 2,720 10 125 NA 7,807
1991 4,942 1,070 10 100 NA 6,122
1992 5,761 2,293 10 100 NA 8,164
1993 8,709 2,481 10 100 NA, 11,300
1994 9,977 2,508 10 100 NA 12,595
1995 12,354 2,571 10 100 NA 15,035
1996 11,043 2,285 205 50 30 13,613
1997 10,454 2,506 576 368 c 13,902
1998 12,040 2417 537 382 0 15,376
1899 10,835 2,389 593 364 o 14,181
2000 9,711 1,366 1,057 378 10 12,522
2001 9,407 1,187 1,067 396 10 12,067
2002 9,576 1,302 1,128 415 0 12,421
2003 10,471 1,356 1,324 437 0 13,588
2004 10,603 1,169 1,319 453 0 13,544
2005 10,764 438 1,332 466 4 13,004
2006 13,124 527 1,844 491 2 15,988
2007 14,059 77 1,793 505 2 16,736
2008 12,356 1,108 3,984 517 2 17,967
2009 11,477 510 3,805 487 1 16,380
2010 9,898 313 4,683 498 1 15,393
2011 11,258 321 4,458 499 0 16,536
2012 13,190 174 3,756 502 0 17,622
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Figure 2-1

Data Collection
Locations Map

Legend
& River Location

Well Location

@ Spring Locatlon

Scale: 1" = ~10 miles

Date: June 10, 2014
Project: TNC — Amargosa
Image Source: Google Earth
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Figure 2-2

Spring Location Map

Legend

@ Spring Lacation

Scale: 17 = ~6 miles

Date: June 3, 2014
Project: TNC — Amargosa
Image Source: Google Earth
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Figure 2-3

River and Well Location
Map

Legend
& River Location

& Well Location

Scafe: 17 = ~6 miles

Date: June 3, 2014
Project: TNC — Amargosa
Image Source: Google Earth
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>3m,_,m0mm River Hydrographs
Periodic Monitoring Data

Date; June 23, 2014
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Figure 2-5 Passive Diffusion Sampler ANDY ZDON &
Used for Noble Gas Sampling ASSOCIATES, INC.
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8D-6130 plots are compared as regional groupings in this map view. Note that the range in 8D and 8'80
values decreases in general from north to south and that the Tecopa region groundwater overlaps most with

Spring Mts. and Ash Meadows. This suggests that either are potential sources for Tecopa groundwater,
although for the latter mixing with Spring Mts. or possibly Kingston Range recharge would be required.

Figure 2-6 Regional Stable Isotope Groupings ANDY ZDON &
ASSOCIATES, INC.




Regional Carbonate, NTS, and Amargosa River Valley

EXFLANATION

!C.'a}"+
CATICNS

Piperplotcomparingcationand anion relative concentrations in groundwater of the regional carbonate
aquifer (red circles), Ash Meadows (open red squares), Nevada Test Site (green triangles), and
Amargosa River Valley (open blue stars). Note that between the regional carbonate aquifer and the
Amargosa River Valley groundwater, water quality changes from Ca-Mg-HCOs type toward Na-K-
HCO3-Cl-804 type accompanied by increased salinity.

Figure 2-7 Piper Plot for Amargosa ANDY ZDON &
' TES, INC.
Region Waters ASSOCIATES,
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Arsenic solubility increases with increasing pH as illustrated by groundwater in the
Amargosa River Valley region. The ultimate source ofarsenic is not known but could be
associated with the Tecopa lake beds deposits.

Figure 2-8 Arsenic and pH Relationships, ANDY ZDON &
Middle Amargosa Waters ASSOCIATES, INC.
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Figure 3-5. Geology of Chicago Va
(Workman 2002)
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Table 2-1

Field Reconnaissance Data Summary

Amargosa Basin
CalifomiatNavada

Flow
Date of Elevation Flow Temp. Spec. Cond. TDS [014] H ORP
Narrie Visit Latitude | Longltude {ft am) (apm) gohwmﬂ_ﬂu.oi (deg _mv ‘SM__aS.ann ©) (mgiL) (mgiL) P {mv) Notes
Springs
Amargosa Canyon Spring 1 | 11/17/2010| 35.83937 | 116.22299 1,204 38 metar 23.22 1.053 6685 7.42 7.93 105.3 _{Manh end of Amargesa Canyen in burned area
Amergosa Canyon Spring 1 | 4/25/2011 | 3583937 | 116.22390 1,294 — — 22.45 1.029 565 B.62 7.94 253.5 |Norih end of Amargosa Canyon in bumned area
Amargosa Canyon Spring 1| 5/11/2011 | 35.83937 | 416.20300 1,284 66.1 bucket - —~ - - - -~ North end of Amargosa Canyon in bumed area
Amargesa Canyon Spring 1 | 9/21/2011 | 35.83837 [ 116.22399 1,284 40.5 buckst 25.79 1.076 700 7.74 8.12 -424  |Morthend of Amargosa Canyon in burned area
Amargesa Canyen Spring 1 | 12/22/2041 | 35.83037 [ 118.22308 1,284 78 meter 18.73 1.008 658 7.96 8.22 77.4 North end of Amargosa Canyon in burned area
Amargosa Canyon Spring 1] &f1/2012 | 35.83937 | 116.22309 1,254 67.7 bucket 23.27 0.573 363 9.28 9.33 1a.7 North end of Amargosa Ganyon in burned area
Amargosa Canyan Spring 1 | 1/26/2013 | 35.83937 | 11622308 1,294 a0z bucket 21 1.274 828 12.32 <] 61.7 North end of Amargosa Canyan in burned area
Amargosa Canyon Spring 1 | 419/2013 [ 35.83937 | 11622399 1,294 834 bucket 22.44 1.02 663 8.4 7.67 -106.5 [North end of Amargosa Canyon in burned area
Amargosa Canyon Spring 1 [ 9/25/2013 | 25.83937 | 116.22389 1294 81 bucket 23.74 0.888 576 5.08 7.85 -180.4 [North end of Amargasa Canyon in burned area
Amargosa Canyon Spring 1 | 562014 | 35.83937] 116.223%9|  1.294 724 bucket 22.3 1.348 878 7.28 8.17 68.2 North end of Amargosa Canyon in burned araa
Amargosa Canyon Spring 3 | 1122014 | 35.82701 | 116.21942 1,262 30 visual 16.74 1.638 1104 9.68 8.51 1864 |Southern most Amargosa Cenyon spring
Amargosa Canyon Spring 3 | 4/25/2011 { 35.82701] 116.21942 1,262 25-30 visual 211 1.506 879 9.51 8.37 261.8  |Southem mast Amargasa Canyon spring
Amargosa Canyon Spring 3 | 9/24/2011 | 35.82701 | 116.21942 1,262 16 meter 2579 1.587 1035 8.57 826 -17.8 _ |Sauthemn most Amargosa Canyon spring
Armargasa Canyon Spring 3 | 5/&/2014 | 35.82701 | 118.21942 1,262 104 buckat 20.9 1.861 1229 8.88 855 58,5  |Southem most Amargosa Canyon spring
Amargasa Ganyon Spring 4 | 11.2/2011 | 35.9348 | 1162226 1,382 25 vigual 25.05 0.915 598 8.07 8.3d 182.2 JAmargosa Canyon spring eminating from east canyon wall
Amargosa Canyon Spring4 | 4/25/2011 | 258348 | 1162226 1,382 - — 2625 1.24 808 8.63 £.13 2421 jAmargosa Canyon spring eminating frem aast canyon wall
Amargosa Canyon Spring 4 | 5/11/2011 | 35.8348 | 116.2228 1,362 7.7 buckat - - - - - — Amargosa Canyon spring eminating from east canyon wall
Amargosa Canyon Spring 4 | 9/21/2011 | 35.8348 | 116.2228 1,382 8.1 bucket 28.2 1.247 arns 7.32 8.16 -18 Amargosa Canyon spring eminating from east canyon wall
Amargosa Canyon Spring 4 | 12/22/2011| 35.6348 | 116.2226 1,382 9.1 bucket 26815 1273 828 7.3 B.33 111.3 _[Amargosa Canyon spring eminating from east canyon wal)
Amargosa Canyon Spring 4 | 5/1/2012 | 358348 | 116.2226 1,382 7 buckel 26.11 1.22 795 2.93 B& 28.4 |Amargosa Canyon spring eminating from east canyon walt
Amargosa Canyon Spring 4 | 1/26/2013 | 358348 | 1162226 1,382 7.9 bucket 26.39 1.537 999 .42 8.31 55.2 _|Amargosa Canyon spring eminating from east canyen wall
Amargosa Canyon Spring 4 | 4/19/2013 | 35.8348 | 116.2226 1,382 7 bucket 26.64 1.333 887 B4 7.88 -106.1_|Amargosa Canyon spring eminating from east canyen wall
Amargesa Canyon Spring 4 | §/25/2013 | 35.8348 [ 116.2226 1,382 7 bucket 2773 1.4 714 5.44 8.16 -168.5 _|Amargosa Canyon spring eminating from east canyon wall
Amargosa Canyon Spring4 | 5/8/2014 | 368348 | 116.2226 1.382 ~10 visual 26.4 1.684 1066 7.04 B.62 3aB.1 Amargosa Canyon spring sminating from east canyan wall
Back Spring 11/19/2010f 3578369 | 115.9322 4,439 L] visual 17.81 0.54 361 3.97 7.14 161.6_ |Located in the Kingston Range
Borax Spring 1/12/2011 | 3588804 | 116.25789) 1342 6.8 bucket 30.53 3.019 1963 0.61 8.91 -206.7
Borax Spring 5572011 | 35.58804 | 116.25789] 1,342 6.9 bucket - - —~ - — -
Borax Spring 9/21/2011 | 35.88804 | 116.25780 1,342 5.9 bucket 30.51 2.681 1938 1.71 10.14 -404.7
Borax Spring 4/30/2012 | 35.88804 | 116.25769| 1,342 5.7 bueket 30.52 274 1781 3.2 1031 -217.1 | pipe crackad on casing
Borax Spring 1/28/2013 | 35.98804 | 116525788 1,342 58 bucket 30.02 3.451 2242 0.99 10.08 -107.5 |pipe cracked on casing
Borax Spring AMB/2013 | 25.88804 ] 116.257689( 1,342 6.1 buckat 30.44 2.985 1940 0.49 9.45 -307.2 |pips cracked on casing
Borax Spring 923/2013 | 35.88804 ] 116.25789| 1,342 €.1 buckst 30.14 2.488 1624 0.07 9.74 -324.8 _ |pipe cracked on casing
Borax Spring 5M2/2014 | 35.88804 | 1168.25789] 1,342 8.1 bucket 29.8 3.234 2100 0.27 10.02 ~280.2 |pipe cracked on tasing
Bera Hole Spring 11/11/20101 35 63608 | 116.23416] 1,356 20 visual 47.77 4.156 2704 228 8.62 141.4 ikely part of Tacopa Hot Spring system
Bore Hole Spring 5212011 | 3588508 116.23416| 1,358 20 visuat 43.98 4176 2711 1.85 871 109.6__ [Likely part of Tecopa Hot Spring system
Bors Hola Spring 92172011 [ 35.88608 [ 116.23416] 1,358 26.2 metsr 47.48 4.202 2731 1.31 8.68 ~748 _ |Lkely part of Tecopa Hot Spring system
Bore Hole Spring A/30/2012 | 35.86608 | 116.23416( 1,386 90 bucket 47.68 3.8% 2529 0.16 993 -13.3 |Likely part of Tecopa Hot Spring system
Bore Hole Spring 1425/2013 | 35886808 ] 11623416 1,356 105 meterivisual 46.83 4.852 3157 1.62 8.85 29.5 Likely part of Tecopa Het Spring system
Bora Hole Spring 418/2013 | 35.88608] 116.23416| 1,356 81 meterivisual 47,75 4.202 2731 0.35 B.47 -143.3 JLikely par of Tecopa Hot Spring system
Bora Hole Spring 9/24/2013 | 35.88608 | 116.23416 1,356 105.2 mataer 48 59 3.571 2323 0.48 5.43 -240 Likely part of Tacopa Hot Spring system
Bore Hole Spring 5102014 | 3583608 116.23416| 1,356 148 USGS" 46.3 4.453 2899 1.1 8.71 44.5  |Likely part of Tecopa Hot Spring system
Chappo Spring 1171242010 35.84723 [ 116.18092( 1,989 <5 wiguat 24.52 0.782 508 0.92 7.48 48.9
Chappo Spring SM/2011 | 35.94723| 11618592 | 1,989 <5 visusl 23.23 0.755 481 3.81 7.84 82.6
Chappo 8pring 5/9/2014 | 35.94723| 11618992 1969 <5 visual 266 0.9596 650 0.83 7.47 827
Crystal Spring 11/19/2010) 35.79503 ) 115.96176| 3,808 & visual 21.09 0.632 411 4.23 7.45 1655 |Localed in the Kingsten Range
Crystal Spring 412612011 | 3578503 | 115.96176] 3,808 135 bucket 21.18 0.61 397 573 7.52 2576 |Located in the Kingston Range
Crystai Spring 9/22/2011 | 35.79503 | 115.98176] 3,808 9.5 bucket 21.38 0637 414 512 7.29 04 |Located in the Kingston Range
Crystal Spring 12/22/2011 ] 3579503 | 115.96175] 3,808 83 bucket 21.3 0607 385 4.26 7.45 15631 [Laocated in the Kingston Range
Crystal Spring 4/30/2012 [ 35.79503 [ 115.98176] 3,808 59 pucket 21.18 0.586 381 6.06 7.61 34.2  |Locatad inthe Kingsion Range
Crystal Spring 1/25/2013 | 35.79503 | 115.881768] 3,808 8.8 bucket 20.88 0.732 476 5.68 7.43 50.1 Located in the Kingsion Range
Crystal Spring 42172013 | 35.79503 [ 115.86176 3,808 54 bucket 21.19 0.638 415 5.26 6.93 -100.5  [Locatad in the x__._um_"o:mh_wﬁm

Page 1o/

ANDY ZDON ASSOCIATES, INC.



Table 21

Field Reconnaissance Data Summary
Amargosa Basin

California/Mevada
Date of . Elevation Flow Flow Tamp. Spec. Cond. TDS Do pH ORP
Name Visit Latitude | Longitude {ft ams1) (gpm] z_au_”ﬂ_ﬁﬁwa {deg C) {mStcm-dag C) (mgiL) {mgiL) mv) Notes
Crystal Spring 9/24/2013 | 36.79503 | 115.96176| 3,808 7.1 bucket 21.52 0.538 349 3.51 7.3 -182.7 [Located in the Kingston Range
Crystal Spring 5442014 | 35.78503| 115.96176 3 808 4.3 bucket 212 0.949 — 3.54 7.43 — Located in the Kingston Range
Dodge City Spring 5412014 | 35.88018 116.22955] 1,387 ~20 visual 23 4.302 2795 3.2 B.79 804 ilocated near Tecopa Hol Springs
Five Springs 111842011 | 36.46457 | 116.3193 2349 30 bucket 34.44 0.523 33, 386 7.77 107.1 _ |Located in Ash Meadows
Five Springs 51142011 | 36.46457| 116.3193 2349 286 buckat 34.24 0.683 454 444 78 179.3  |Located in Ash Meadows
Five Springs 5M/2012 | 36.46457 | 116.2193 2.349 221 bucket 34.52 0.664 432 526 7.68 301 Locaied in Ash Meadows
Five Springs 1/24/2013 | 36.48457 | 116.3193 2348 238 bucket 34.18 0.626 536 468 7.69 386  |Localed in Ash Meadows
Five Springs 4/24/2013 | 35.46457 | 1163193 2,349 238 buckat 34.41 Q.718 457 418 7.25 -105.3 |Localed in Ash Meadaws
Five Springs 9/23/2013 | 36.46467 | 116.2193 2,340 21 bucket 34 65 0.607 395 283 7.1 -1956 [Localed in Ash Maadows
Five Springs 5/512014 | 36.48457 | 116.3193 2.349 238 34.3 0.873 566 3.53 7.52 97.3  |Located in Ash Meadows
Harse Thief Spring 11/19/2010 | 35.77204 | 115.88824 | 4637 5 16.04 0.444 288 2.86 5.94 158.1 [Localed in the Kingston Range
Horse Thief Spring 42612011 [ 3577284 ] 115.88824| 4,837 10.1 1631 0.436 284 5.91 7.37 269 Located in the Kingston Range
Haorse Thief Spring 912212011 | 35.77294 | 115 88824 4,637 7.9 17 81 0.473 308 2.26 7.04 228 Located in the Kingstcn Range
Horse Thief Spring 1212242011 | 35.77294 | 115.88824| 4837 8 17.26 0.441 287 3.53 5.96 124.6  [Located in the Kingston Range
Horse Thiaf Spring 43012012 [ 3577294 11588624 4837 8.8 16,72 0.429 279 3.98 7.2 52 Located in the Kingston Range
Herse Thief Spring 1252013 | 35.77294 ) 115.89824| 4837 — - 16.71 (.54 351 <4 6.7 B0 Located in the Kingstcn Range
Horse Thief Spring 4182013 | 35.77294 | 11588824 4837 — - 16684 0.5 326 2.54 5.47 -108.8 [Localed in the Kingston Rangs
Horse Thief Spring 9124/2013 | 3577294 | 115886824 | 4837 — - 17.86 0.401 261 1.69 6.84 -21B6.4 |Located in the Kingston Range
Horse Thief Spring 5442013 | 35772041 11588824 4837 10 visual 16.8 0.573 -- 1.7 5.95 - Located in tha Kingston Range
Ibax Spring 11/4/2010 | 3577211 | 1156.4111 1,133 no flow visual 18.78 2.466 1617 0.98 8.78 30.5
lbex Spring 41242011 [ 357721101 116.4111 1,433 no flow visual 16.35 2.234 1452 2.99 7.98 114.4
Ibex Spring 511172014 | 3577211 116.4111 1,133 no flow visual 16.7 2327 1615 2.4 8.44 108.2
Owl Hole Spring 1118/2010] 35.63931] 116647686 1,911 no flow visual 17.01 4.098 2664 0.29 6.86 -73
Owl Hole Spring 5H11/2014 | 35.63031 ]| 116.64766| 1,911 no flow visual 13.7 7.543 4901 1.0 7.49 116.2
Resling Spring 1/23/2011 | 3587728 116.15757 | 1,767 150 buckat 26.84 0.923 800 5,62 8.36 157.8
Salsbemy Spring 1M10/2011 | 35.93162] 116.4142 3,410 § visual 2.35 0.585 288 13.01 8.24 181.8  |Spring watar mixed with runoff from melting snow and ice
Salt Spring 11/5/2010 | 3562622 | 116.23041 550 <5 visual 20,48 6.514 4235 074 7.94 -176.9
Salt Spring SM0/2011 | 35.62622] 116.28041 550 <5 visual 19.46 5.944 5814 579 7.7 196.2
Satt Spring 5/11/2014 | 35.62622 | 116.28041 550 <5 visual 28.3 10.429 8793 8.34 8.3 124.5
Saratoga Spring 11/4/2010 | 356809 | 116.42254 207 unknawn visual 28.8 4.73 3075 2.49 7.71 258.1
Shesp Craek Spring 11/5/2010 | 35.68863 | 116.36047} 1,719 5 visual 231 0.614 400 8.57 .02 62.5
Sheep Creek Spring 4/24{2011 | 35.58863 | 116.36047 1,719 5 visual 21.4 1218 789 7.67 7.78 188.2
Sheephead Spring 1£17/2011 | 35689979 ] 116.40629| 3,253 2 visual 11.58 0.818 531 8.59 8.22 169.8
Shoshone Spring 1/23/2011 | 36.88086 | 116.27384] 1,611 250+ meter 33.54 1.624 1056 375 7.78 162.7 _|This is from the Sheshene Spring source
Sheshone Spring 4/2712011 [ 35.98056 | 116.27284] 1,611 250+ meter - — - - — - This is from the Shoshone Spring source
Shoshona Spring 52012 | 35.99056 | 116.27384] 1,611 104+ bucket 33.51 1477 280 6.77 768 16.7 __ [This s from ihe Shashene Spring source
Shoshone Spring 1/29/2013 | 35.98056 | 116.27384 1,611 - - 33.31 1.847 1201 5.85 7.66 30.7__ |This is from the Shoshene Spring source
Shoshene Spring 5/2/2013 | 35.98056( 116 27384 1,611 — — 33.47 1.601 1040 4.5 7.41 -97.1  |This is from the Shoshone Spring source
Shoshone Spring 92572013 | 35.98056] 116.27384| 1811 - = 33.62 1.35 878 2.565 7.23 -182 1 _[This is from the Shoshane Spring source
Shashene Spring 51272014 | 35.98056] 116.27384 1611 - - 323 1.831 1190 298 7.51 149.4  [This is from the Shoshone Spring source
Smith Spring 11/19/2010| 35.78814 | 116589752 | 2068 ~1 visual 21.41 0.451 293 5.36 7.81 86.9 | Data from flow out of spring box
Smith Spring A/26/2011 | 35.78814 [ 11599752 3,066 2-3 visual - - - - - — Data from flow out of spring box
Smith Spring 5/0/2014 [ 35788141 11599752 | 3,068 dry visual — - - - - — Data from flow owt of spring box
Tecopa Hol Spring 11/11/201Q| 35.8789 | 116.23612 1,332 S 3l buckel 40.76 4.306 2798 (.84 B.E1 120.7  jSample from Amargose Consarvancy Trailer spring outlet
Tecopa Hot Spring 9/21/2011 | 35.8789 | 116.23812 1,332 514" bucket 38.85 8.4 4100 274 918 -71.1__|Sample from Amargosa Conservancy Trailer spring outlet
Tecopa Hot Spring 4/30/2042 | 35.8789 | 116.23812 1,332 4.g% bucket 41.2 3.625 2311 3.54 8.96 20 Sample from Amargosa Conservency Trailer spring oullet
Tecopa Hot Spring 142942013 | 35.8789 | 116.23812] 1,332 5.4 bucket 38.02 5 3250 3.48 8.87 329 |Sample from Amargesa Censervancy Trailar spring oullet
Teccpa Hot Spring 9/23/2013 | 35.8789 [ 115.23812 1,332 5.3 bucket 41.38 3675 2388 1.7 8.43 -237.4 __|Sample from Amargosa Conservancy Trailer spring outlet
Tecopa Hot Spring 51042014 | 35.8739 | 116.23812 1,332 =5 visual 40.6 4.598 2990 0.23 8.71 €0.7 Samp'e from Amargesa Conservancy Trailer spring outlet
Thom Spring 11/11/2010| 35.85861 | 116.22677] 1,408 5 wisual 2481 1.571 1021 2.77 7.63 148.3 | Data from fiowing water within the vegetalion
Thom Spring 4/30/2012 | 35.85661 | 116.22677 1,408 -2 visual 24.9 1.478 980 3.66 6.79 74.9 Data from flowing water within the vegetation
Thom Spring 1/28/2013 | 35.85661 | 116.22677 1,408 <5 visual 28.63 1.819 1182 2.8 7.73 32.9 Data obtained near modified outflow
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Table 2-1

Field Reconnaissance Data Summary

Amargosa Bagin
Califomia/Nevads

Dats of ) Elevation |  Flow Flow Temp. Spec. Cond. TDS bo H ORP
Name Visit Latitude | Longitude {ft amsl} tapm} gch”“__””_._.mi {deg Mu 5%33&3 o (mgiL) (mgiL) P (mv) Notes
Thom Spring 4/30/2013 | 35.85661 | 116.22677 1,408 <5 visual 27 .86 1.601 1.04 1.83 7.2 -141.5 {Data obizined near modified oulflow
Thom Spring 9/25/2013 | 3588651 ] 116.22677 1,408 <5 visual 28.08 1.34 871 1.13 7.35 -205.% jData obtaned near modified outflow
Thom Spring 5612014 [ 35.B5661] 116.22677 1,408 <5 visual 27.8 1.869 1229 0.83 7.55 83 Data oblained near mogified autflow
Twelvemile Spring 11/14/2010( 36.02172] 116.15531 2,240 no flow visual 1923 ng 520 1.38 7.68 =141 Data from shaliow puddle
Wild Bath Spring 1111/2010] 35.67277 | 116.21932 1,424 1.7 buckst 28.88 1.642 1067 4,69 7.9 1655 [Tub located off Furnace Cresk Road behind Tecopa Hot Springs
Wild Bath Spring 9/24/2011 | 35.87277 | 116.21932 1,424 1.9 buckat 37.99 1.664 1083 559 7.83 2.2 Tub located off Furnace Creek Road behind Tecopa Hot Springs
Wild Balh Spring 5/5/2012 [ 35.87277( 116.21932 1,424 1.3 buckat 34.89 1.559 1012 5.64 8.37 16.2  |Tub located off Fumnace Creek Road behind Tecopa Hot Springs
Wild Bath Spring 1/25/2013 | 36.87277 | 116.21932 1,424 <2 visual 36.53 1.908 1024 4.52 7.94 528 |Tub covered with plastic tarp
Wild Bath Spring £/4/2013 [ 35.87277 | 116.21932 1.424 <2 visual 3383 1.633 1061 3.87 7.81 -89.8 _ |Tub located off Furnace Cresk Road behind Tecopa Hot Springs
Wild Bath Sgring 9/25/2013 | 3587277 ] 116.21932 1.424 <2 visual 30.76 1.403 411 5 8.07 -178.5_ |Tub located off Fumnace Creek Road bshind Tecopa Hot Springs
Wild Bath Sering 510/2014 | 35.87277 | 116.21832 1,424 <2 visual 35.5 1.872 1216 3.85 8.2 85.5 Tub lecated off Fumaca Creek Road behind Tecopa Hoi Springs
China Ranch Cyn Spring 1 | 113/2011 | 35.80335( 11614099 1,770 10 visual 13.94 1.215 789 9.34 8.5 44.5 a.k.a. Willow Caryon 1 spring
China Ranch Cyn Spring 2 | 1/13/2011 | 35.80445( 116.14235 1,767 20+ visual 21.28 0.931 606 6.22 8.17 46.6 _ |aka Wilew Canyon 3 spring
Willow Spring 1 11732010 } 35.80856 116.18284 1,420 28 bucket 23.73 1.502 958 572 8.26 34 Junction of spring water caplure piping {above pand)
Willow Spring1 4126/20114 1 35.80556 [ 116.18284 1,420 - — 21.82 1.141 737 6.21 7.29 93.1 Junction of spring water capture piping {(above pond)
Willow Spring 1 $9123/2011 | 35.80556¢ 116.18284 1420 20 bucket — — -~ - — — Lombined pond autflow and spring box
Willow Spring 2 1HM8/2011 | 35.80096f 116.19449( 1,235 120-130 mater 17.88 1.9 1241 9.34 a.1B -31.1__|Measurement taken at culvert
Willow Spring 2 92372011 135800081 116.19449| 1,235 52.9 metar 2416 1.028 668 4.08 8.14 -28.2  |Measurement taken al culvert
Willow Spring 2 5/1/2012 135.80098§ 116.19449| 1,235 — -~ 2233 1.164 756 895 4.09 16.2  [Measurament laken ai culvert
Willow Spring 2 443072013 | 3580098 | 116.19449 1235 - — 229¢ 1.154 750 712 7.24 -1168 |Measurement laken ai culvert
Willow Spring 2 925020123 ] 35800981 115.19448| 1235 37 meter 23.54 0.837 544 5.6 8 -168.4  |Measurement taken at culvert
Wiilow Spring 2 9/25/20123 ] 35.80098] 116.18449| 1,235 45 USGS ~ -- —~ — — -~ Measurement taken al culvert
Amargosa River
Amargosa RiverlUSGS 1 1173/2010 [ 35.684654 | 116.23081 1,325 40 USGS - -- = — - -- At 1he Tecopa USGS flow siation
Amargosa River/USGS 1 | 4/20/2011 | 3584954 | 116.23081 1,325 94 UsGS - -- - = — - At the Tecopa USGS flow siation
Amargesa River/lUSGS 1 | 9/22/2011 | 35.84954 116.23081 1,325 31 USGS - -- - - - - At the Tecopa USGS flow station
Amargosa RiverlUSGS 1_} 12/22/2011 [ 3584954 | 116.23081| 1,325 583 USGS - - - ~ - - Al the Tecopa USGS flow station
Amargosa RiverUSGS 1 | 4/30/2012 { 3584954 | 116.23081 1,325 117 UsGs 17.57 10.808 7024 10.28 9,36 36.3  |Altha Tecopa USGS flow station
Amargosa River/USGS 1 1/2612013 | 35.84954 | 116.23081 1,326 162 UsSGS 5.99 14.25 0264 17.48 8.71 574 At the Tecopa USGS flow station
Amargosa River/lUSGS 1 | 4/30/2043 | 35.84954 | 116.23081 1,325 45 USGS 17.52 9.69 6303 10.14 8.34 -172.8 _|Af the Tecopa USGS flow station
Amargosa River/lUSGS 1 9/25/2013 [ 35.84954| 116.23081 1,325 18 USGS 19.4 5659 3681 54 8.58 -207 At the Tecopa USGS flow station
Amargosa River/USGS 1 | 511042014 | 35.84054 | 116.23081 1,325 130 USGS 185 9.499 6142 7.98 8.2 235  |Atthe Tecopa USGS flow station
Amargosa River/USGS 2 | 4/28/2011 | 35.79042 | 116.20777 1,084 558 meter | 18.13 3878 2520 12.85 8.52 152 At China Ranch USGS flow station
Amargosa River/USGS 2 | 6/10/2011 | 35.79042{ 116.20777 1,094 856 meter 158 3.481 2263 11.45 8.48 188.8  |At China Ranch USGS flow station
Amargosa River/USGS 2 | 9/20/2011 | 35.79042 | 11620777 1,084 380 UsGs 23.08 3.658 2378 10.22 8.53 -33.4__|At China Ranch USGS flow station
Amargosa River/USGS 2 | 12/22/2011 | 35.78042 [ 116.20777 1,084 G43 LSGS - - — - - -~ At China Rench USGS fiow station
Amargosa RiverlJSGS 2 532012 | 35.78042] 116.20777 1,094 487.9 mater 19.07 3.898 2534 12.03 B8.59 51,8 |At China Ranch USGS fiow slation
Amargess River/USGSE 2 5/3/2012 [ 36.78042] 116.20777| 1,094 763 USGS - - - - -~ - At China Ranch USGS flow station
Amargosa River/lUSGS 2 | 1/27/2013 [ 35.79042 | 116.20777 1,094 914 mater 11.33 10.56 5863 15.83 8.57 B& At China Ranch USGS flow stalion
Amargosa River/lJSGS 2 | 1/27/2013 [ 35.79042| 116.20777| 1,094 538 UsGs - - — - - - At China Ranch USGS flow station
Amargosa RiverlUSGS 2 | 4/20/2013 | 35679042 | 116.20777 1,084 399 meter 15.96 4.634 3012 14.04 3 -104.8 | At China Ranch USGS flow station
Amargosa River/USGS 2 | 4/20/2013 | 35.79042 | 116.20777 1,084 484 USGS = - - - - = At China Ranch USGS flow station
Amargosa River/lUSGS 2 | 9/24/2013 | 35.79042 | 116.20777 1,004 735 meter 15.1 3.263 2121 6.85 832 -184.4 Al China Ranch USGS flow station
Amargosa River/USGS 2 | 9/24/2013 | 35.79042 | 116.20777 1,094 1436 USGS = -~ - - - — At China Ranch USGS flow station
Amargosa River/USGS 2 5472014 | 35.79042 | 116,20777 1,084 6527 meater 17.8 4.443 2886 9.83 8.61 844  [At China Ranch USGS flow station
Amargosa River/USGS 2 5472014 | 3578042 116.20777 1,084 444 usgs - -- — - - - At China Ranch USGS flow station
Willow Creek 4/29/2011 | 35.7B757 | 116.20038 1,107 42.9 hucket 20.75 1.474 954 8.4 8.42 190.6  |Above confluence with Amargosa River
Willow Creek - 12/22/20111 35.78757 | 116.20038| 1.107 dry buckst - - - - -~ = Abcove confluence with Amargosa River
Willow Creek 5/3/2012 | 35.78757| 115.2003¢| 1,107 377 bucket 2053 1.357 g3z 10.89 8.8 264  |Above confluence with Amargosa Rivar
Willow Creak 1/27/2013 | 35.78757 | 116.20039 1,107 33 meterivisual 1428 1.651 1073 15.48 B.38 68.3  Above confluence with Amargosa River
Willow Creek 4/20/2013 | 35.78757 | 116.20039 1,107 47 maetar 27 .07 1.414 a18 928 818 -107.1 _{Abave confluence with Amargosa River
Wilow Cregk 9/24/2013 | 35.78757 | 116.20039 1,107 qry visual - -- - - -- — Above cenfluence with Amargosa River
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Table 2-1

Id Reconnaissance Data Summary
Amargosa Basin
Califernia/Nevada

Dateof | _. Etevation | Flow Flow Temp., Spee. Cond. oS Do H ORP
Name visit | Laitude |Longitude} o o | tgpm) Monswrorent|  (deg P Aamma.%u c) | ma | tme F {mv) Nates
Wiilow Creek Si42014 | 35.78757 ] 116.20039 1,107 25 meterfvisual 18.1 1.424 823 10.1 8.61 108.1  |Above confluenca wilh Amargosa River

Amargosa River Corfluence | 4/29/2011 35.785 | 116.2023 1,053 862 meter 2023 3.88 2523 9.25 8.64 205 Confluenca with Wi

Amargosa River Confluence | 8/22/2011 | 36785 | 116.2023 1,053 332 meter 12.24 4228 2748 9.5 2.48 7.2 Confluence with Wi

Amargosa River Confluenca | 122212011 35.785 | 116.2023 1,083 463 mater 277 5.657 3677 11.7 438 Bl.6  |Confluence wiih W

Amargosa River Confluencel 5/3/2012 | 35785 | 1152003 1,053 395 mgter 17.88 4.262 2770 10.26 8.59 322 Confiuence with Wi

Amargasa River Confluenca] 1/27/2013 | 35785 | 118.2023 1,083 £61 metar 10.51 7.547 4905 15.62 7.94 29.9 Confluance with Wi

Amargosa River Confluenca | 4/20/2013 | 35,785 | 1152003 1,053 £63 meter 14,05 5.004 3253 11.48 2.02 -111.9 | Conflusnce with Wi

Amargosa River Confluence | $/24/2013 | 35785 | 1182023 1,053 461 meter 14 61 3.54 23 7.0d4 8.43 -147.5 | Confluence with W

Amargosa River Confluence | 5/&4/2014 | 35785 | 1162023 1,083 843 metar 17.3 4.786 3114 9.2 8.63 111.4 _ [Confluence with Willow Creek
Amargosa River 3 1141612010 35.74637 | 116.22219 848 477 meter 19.08 4.015 2610 10.89 8.79 1721 [At Sperry Wash
Amergosa River 3 42972011 [ 35.74637 | 116.22219 846 452 meter 1967 4.225 2745 10.08 a6 202.3 At Sperry Wash
Amargosa River 3 50572011 | 35.74637{ 116.22219 846 271 mater 19.4 4.198 2728 10.84 8.64 190.4  [At Sperry Wash
Amargosa River 3 9i20/2011 | 35,74637 | 116.22219 846 158 meter 26.58 4426 2879 10.18 §.91 -11.8 At Spemy Wash
Amargosa River 3 9/23/2011 [ 35.74637 | 116.22219 B46 119 metar 17 4.321 2809 11.03 8.6 -10.5 _ |At Sperry Wash
Amargosa River 3 122142011 35.74637 | 116.22219 846 389 maeter 9.33 5179 3366 11.3 a.6 130.7 _ [At Sperry Wash
Amargosa River 3 /412012 | 3574637 | 116.22218 B8B4G 366 meter 24.22 4.388 2852 11,76 9.0z 224  |At Sperry Wash
Amarposa River 3 1/26/2013 | 35.74637 | 116.22219 B46 510 meter 13.02 6.656 4325 16.55 B.32 76.2 At Sperry Wash
Amargosa River 3 4118/2013 | 35.74637 | 116.22219 846 398 mater 25.66 5.223 3395 12.37 8.4 -102 _ [AL Sperry Wash
Amargosa River 3 9/23/2013 | 35.74637 | 116.22219 846 275 mater 22.71 4.171 2711 834 B.62 -157.7 Al Sperry Wash
Amargasa River 3 5412014 | 35.74637 | 116.22219 848 588 mater 262 4.631 3140 1272 893 20.8 | At Sperry Wash
Amargosa River 4 47292041 | 35.69809 | 116.25002 549 70 meter 15.67 4.472 2904 11.88 B.93 206.3 | At crossing of Dumont Dunes Road
Amargosa River 4 5i5/2011 | 3569609 | 116.25082 549 dry meter — - - - -- — At erossing of Dumont Dunes Road
Amargusa River 4 9/23/2011 | 35696090 | 116.25082 849 dry mater — — -~ - -- - Al erossing of Bumont Dunes Road
Amargosa River 4 12/21/2011 | 35.69608 | 116.25082 849 136 meler 379 4.727 3073 12.35 86 214.1  [Ad crossing of Dumont Dunes Road
Amargosa River 4 5/472012 | 3569600 | 116.25082 £49 44 metar 27.23 4.617 3003 9.07 9.22 22,5 At crossing of Dument Dunes Road
Amargosa River 4 1/26/2013 | 35.69608] 116.25082 649 171 meter 12.08 £.025 3916 15.34 8.49 76.4  |At crossing of Dumoni Dunes Road
Amargosa River 4 41872013 | 35.69609 [ 116.25082 649 dry meter - - — - — ~ At crossing of Dumont Dunes Road
Amargosa River 4 9/23/2013 | 35.60608 | 116 25082 649 <50 visual 18.54 5.134 3338 6.8 8.95 -196.2 |At crossing of Dumant Dunes Road
Amargosa River 4 5/4/2014 | 3568609 | 116.25082 549 <50 visual 25.4 5.976 3854 7.9 9.15 759.1 At crossing of Dumont Dunes Road
Amargosa River 2 11/16/2010| 35.668418 | 116.29722 443 256 meter 214 4.205 2793 8.64 B.89 126.7  [ALrt 127 crossing south of Dumont Dunes
Amargosa River 2 4/28/2011 | 3566418 [ 116.29722 443 dry visual - — — — -- — At 127 erossing scuth of Dumont Dunes
Amargosa River 2 5/5/2011 [ 35.66413 | 118.29722 443 dry visual - — — - -- -- Al rt 127 crossing south of Dument Dunes
Amargosa River 8/23/2011 | 3566418 | 116.26722 443 dry visual - — - - -- — At rt 127 crossing south of Dument Dunes
Amargosa River 2 12/21/2011 [ 35.65418) 116.24722 443 dry vigual -~ — - ~ -~ - At rt 127 crassing south of Dumont Dunes
Amargosa River 2 Sfdf2012 | 35.66418 11820722 443 dry visual - — - — -~ - At it 127 crossing south of Durnont Dungs
Amargosa River 2 1/26/2013 | 3566478 | 116.29722 443 dry visual — -~ — - — - At 1t 127 crossing south of Dumont Dunes
Amargesa River 2 4/18/2013 | 35.66418] 116.29722 443 dry visual — - — -~ - — At rt 127 crossing south of Dumont Dunes
Amargosa River 2 9/23/2013 | 3566418 | 116.20722 443 dry visual - — - - - - At rt 127 cressing south of Dumarnt Dunes
Amargosa River 2 £¢4/2013 | 35.66418| 116.29722 443 <50 vislal — - - — -~ - At rt 127 crossing south of Dumont Dunes
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Table 2-1
Field Reconnaissance Data Summary

Amargosa Basin
Califorria/Nevada

Flow
Date of - Elevation Flow Temp. Spec. Cond. TDS Do H ORP
Name visy | betitude | Longltude e on | igpm) :ﬁwﬁwu.na {deg _m. Asm__na.%n ) (mgiL) | {mgiLy ? {mv) Notes
el
top of casing}
ARHS-1 S5/25/2012 | 36.0773 | 116.2953 1,780 141.72 dtw mater 35 2.941 1810 204 8.26 4073 |Atrt 127, 6 miles norh of Shashonse, CA
ARHS-1 412442013 | 36.0773 | 1162853 1,780 111.88 dtw meter — - — — -- - At rt 127, 6 miles norih of Shoshene, CA
ARHS-2 5/26/2012 | 35.8054 | 1161825 1,430 579 diw meter 24.36 0.912 533 4.2 7.54 129.8 At China Ranch
ARHS-2 1/25/2013 | 35.8054 | 116.1825 1,430 5.84 diw meter 23.73 1.085 714 5.52 7.6 36.9 At China Ranch
ARHS-2 4/30/2013 | 35.8054 | 116.1825 1,430 5.83 dtw meisr — -- - - -- e At China Ranch
ARHS-2 342013 | 358054 | 116.1825 1,430 6.39 diw meler 25,73 0.758 519 3.41 7.25 -178.8  |At China Ranch
ARHS-2 5/9/2014 | 358054 [ 1161825 1,430 568 " diw meler 24.5 1.27 825 3.86 7.46 178.4 [At China Ranch
ARHS-3 4124/2013 ¢ 36.0246 | 116.1554 2,205 13.64 dtw meter 24.6 077 500 5.48 6.86 -101.2  [Localed adjacent to 12 Mile Spring
ARHS-3 S124/2013 | 36.0216 | 116.1554 2,205 19.34 diw meter 24.63 0.647 421 3.72 7.42 -182.7 |Localed adjacent te 12 Mile Spring
ARHS-3 5/5/2014 | 368.0218 j 116.1654 2,205 19.13 diw metar 24.3 1.087 709 5.5 7.68 81.1 Located sdjacent to 12 Mile Sprin
ARHS4 9/24/2013 | 35.7998 | 116.1035 2,072 12.5 dbtw meter 24.08 0.656 427 4.1 7.5 -171.6 |Located adjacent to Married Man's Camp
ARHS-4 S5/972014 | 35.799¢ { 116.1035 2,072 11.94 diw mater 228 1.106 722 4.98 7.52 1486 |Located adjacent io Married Man's Camp
Cynihia's Wall 1416/2011 | 358461 | 116.20478] 1,447 38.87 dbw reter 20.61 0.898 584 71 85 1104 |Located in Tecopa Heights
Cynihia's Wall 5/12/2011 | 35.8461 [ 116.20478 1,447 40.51 dtw mater — — -- -- - - Located in Tecopa Hsights
Cynihia's Well 923/2011 | 35,8461 | 116.2047B] 1,447 42.75 dtw meter - — ~ ~ - - Located in Tecopa Heights
Cynihia's Wall 5/5/2012 | 35.8461 | 116.20478 1,447 40.22 diw meter 223 1.163 766 3 8.36 239 |Located in Tecopa Heights
Cynthia's Well /2712013 | 35.8461 | 116.20478 1,447 39 diw mater — - -- - -~ — Located in Tecopa Heights
Cynthia's Wall 4/25/2013 | 35.8461 | 116.20478 1,447 40.95 dtw meter 23.06 1.251 813 2.75 7.38 -113.8 |Located in Tecopa Heights
Cynthia's Well 51212014 | 358461 | 116.20478 1,447 41.16 diw meter 238 151 748 6.2 7.86 76 Located in Tecopa Heights
Eegle Mountain Well 11/4/2010 | 36.24987 | 116.3963 2007 14.82 dtw meter 22.76 3.35 2177 4.28 8.85 544 jtccated west of Eagle Mountain
Eagle Mountain Wall 5172011 | 38.24887 | 116.3953 2,007 14.78 dtw meter - — - - - -~ Located west of Eagle Mountain
Ezagle Mountain Wa 9/21/2011 | 36.24987 | 116.3953 2,007 14.77 dtw metar - — ~ — - - Located west of Eagle Maurtain
Eagle Mountain We 4/30/2012 | 3624907 | 1163953 | 2,007 14.84 dbw meter 19.79 3251 2112 7.39 8.42 36.5 |Located west of Eagla Mouniain
Eagle Mountain We 1/24/2013 | 36.24087 [ 116.2953 2 007 15 dtw mater 21.23 ° 4.043 2628 7.98 8.45 41.1 Located west of Eagle Mountain
Eagle Mountain Wsill 4/24/2013 | 36.24887 | 116.3853 2,007 14.97 diw meter 20.08 3.487 2267 7.05 7.93 -112.4  |Located wesi of Eagle Mountain
Eagle Mountain Well 223/2013 | 36.249971 116.3983 2,007 14.75 diw mater 22.8 2.984 1938 59 8.08 -181.4 |Located west of Eagla Mountain
Eagle Mauntain Well S5/9/2014 | 36.24587| 116.3953 2,007 1492 dbw meter 20 3.864 - 8.6 8.58 — Located wast of Eagle Mountain
Married Man's Wall 11182011 | 35.80036} 118.10177| 2,056 2582 dtw meter - - - - - - Locate at head of Willow Creek Wash
Married Mart's Well 4/30/2012 ] 35.800381 116.10177 2,096 2548 diw meter 23.98 1.255 816 3.61 7.50 -114.5 [Locals af head of Willow Creek Wash
Married Man's Waell 1/25/2013 § 35.80038 | 116.10177 2,096 25.51 dtw meler — - - v — - Locale at head of Willow Creak Wash
Junior's Wall 1/116/2011 § 35.8512 | 116.24252 1,346 NA NA 2428 2.04 1326 5.63 8.33 Located west of Amargosa River (opposite of Tecopa}
Hog Farm Well 1/28/2013 | 36.28748 | 116.37854 2,017 <5 visual 2117 1.653 1074 0.97 8.66 tocated southeast of Daath Valley Junclicn
Hog Farm Well 4/24/2013 | 36.287481 116.376864( 2017 <5 visual 21.568 1.432 930 <1 787 Located scutheast of Desth Vallay Junction
Hog Farm Well 9/23/2013 | 36.28748| 116.37854| 2017 <5 visual 21.94 1.219 792 0.4 8.48 Located southeast of Daath Valley Junction
Hog Farm Wall 5/5/2014 | 36.28748] 116.37854 2,017 <5 visual 21.6 1.74 1131 014 8.74 Located southeast of Death Valley Junction
Tecopa School Well 11/11/2010] 36848564 | 116.21743 1,372 NA NA 20.06 1.372 a92 4.59 7.6 wEP_m from spigot adjacent to well head
Tule Spring \Well 1113/2010] 3581178 116.04809 1,983 10.4 gtw meter 18.85 0.855 556 0.23 7.42 Data from well. Sireng cdor of decay
Tule Spring Well 43042012 | 3581178 116.04909 1,988 10.01 dtw meter 16.37 0.827 537 1.76 7.87 Data fram well. No small from well.
Tula Spring Well 1/26/2013 | 35.81178 | 116.04809 1,988 10 diw meter 17.44 0.281 638 <25 7.35 Data from well. No smell from well.
Tule Spring Well 4/21/2013 | 35.81178{ 116.04809 1,989 0,83 dtw mater 17.38 0.91 591 1.35 5.9 -160.6 | Data from well. Moderate odor of decay
Tule Spring Well 9/24{2013 | 35.81178 [ 116.04909 1,888 10.8 dtw mater 20.91 0.728 473 Q.37 7.42 -272.3 | Data from well. Moderate odor of decay
Tula Spring Well 5/9/2014 | 35.81178] 116.04909| 1,985 2.98 dtw matar 192 1.234 800 0.5 7.4 £59.9  [Data from well. Moderate odor of decay

Notes:

ft amsl = feet above mean sea lavel

gpm = gallons per minute
Temp. = temperature
deg C = degrees Celcius

mSfem-deg C = miliSiemnans per centimeter degrees Celcius

Spac. Cond. = spe

c conduntivity
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Table 2-1
Field Reconnalssance Data Summary
Amargosa Basin
Cafifomia/Nevada

Flow
Date of . Elevation Flow Tomp. Spec. Cond. TDS DO pH ORP
Name Visit Latltude | Longitude #t amsl) {gpm) gwh”ﬂ_”:sn_. nt (deg C) (mSicm-deg C) {maiL) (mgiL) mv) Notes

TDS = 1ctal dissalved solids

D0 = digsolved cxygen
ORP = oxidation-reductian potential

*Flow Measurement Mathed = spring and rivar flow were measured either direcily with a solid stale meter {meter), indirectly using time to fill a 5-gallon bucket {bucket], or uging visusl estimalion lachniques {visual).
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Tabie 3-2

Summary of Pumping

Amargosa Desert
Nevada

Pumping (AFY)

Year
Irrigation Mining Commercial D:M Mn_.s:“_m_..mum_%m_ Other Total Pumping

1983 9,105 125 20 250 NA 9,500
1985 8,472 950 20 230 NA 9,672
1986 6,653 550 10 125 NA 7,238
1987 5,700 302 10 125 NA 6,137
1988 2,978 996 10 125 NA 4,109
1989 1,566 2,220 10 125 NA 3,921
1990 4,953 2,720 10 125 NA 7,807
1991 4,942 1,070 10 100 NA 6,122
1992 5,761 2,293 10 100 NA 8,164
1993 8,709 2,481 10 100 NA 11,300
1994 9,977 2,508 10 100 NA 12,595
1995 12,354 2,571 10 100 NA 15,035
1996 11,043 2,285 205 50 30 13,613
1997 10,454 2,506 576 366 0 13,902
1998 12,040 2,417 537 382 0 15,376
1999 10,835 2,389 593 364 0 14,181
2000 9,711 1,366 1,057 378 10 12,522
2001 9,407 1,187 1,067 396 10 12,067
2002 9,576 1,302 1,128 415 ¢ 12,421
2003 10,471 1,356 1,324 437 0 13,538
2004 10,603 1,169 1,319 453 0 13,544
2005 10,764 438 1,332 466 4 13,004
2008 13,124 527 1.844 491 2 15,988
2007 14,059 377 1,793 505 2 16,736
2008 12,356 1,108 3,984 517 2 17,967
2008 11,477 510 3,905 487 1 16,380
2010 9,898 313 4,683 498 1 15,393
2011 11,258 321 4,458 499 0 16,536
2012 13,190 174 3,756 502 0 17,622
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Table 3-1
Mean Annhual Flow
Amargosa River
California/Nevada

Discharge (cfs)
Year
Station 1 Station 2 Station 3 Station 4 Station 5

1962 ND 1.04 ND ND ND
1963 ND 254 ND ND ND
1964 ND 0.786 ND ND 0.011
1965 ND 1.03 ND ND 0.018
1966 ND 7.67 ND ND 0.000
1967 ND 0.736 ND ND 0.776
1968 ND 1.68 ND ND 0.249
1969 ND 9.19 ND ND ND
1970 ND 1.36 ND ND ND
1971 ND 0.648 ND ND ND
1972 ND 0.626 ND ND ND
1973 ND ND ND ND ND
1974 ND 0.596 ND ND ND
1975 ND 0.722 ND ND ND
1976 ND $.93 ND ND ND
1977 ND 8.80 ND ND ND
1978 ND 8.59 ND ND ND
1979 ND 0.567 ND ND ND
1980 tND 4.86 ND ND ND
1981 ND 1.06 ND ND ND
1982 ND 0.948 ND ND ND
1983 ND 14.9 ND ND ND
1884 ND ND ND ND ND
1985 ND ND ND ND ND
1986 ND ND ND ND ND
1987 ND ND ND ND ND
1988 ND ND ND ND ND
1989 ND ND ND ND ND
1990 ND ND ND ND ND
1991 ND ND ND ND ND
1992 ND 3.38 ND 0.046 ND
1993 ND 11.70 ND 0.095 ND
1994 ND 0.222 0.014 0.000 ND
1995 ND 6.36 0.220 1.72 ND
1996 ND ND ND ND ND
1997 ND ND ND ND ND
1998 ND ND ND ND ND
1999 ND ND ND ND ND
2000 1.82 0.726 ND ND ND
2001 1.14 0.864 ND ND ND
2002 ND 0.724 ND ND ND
2003 ND 5.23 ND ND ND
2004 ND 1.26 ND ND ND
2005 ND 111 ND ND ND
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Table 3-1
Mean Annual Flow
Amargosa River
California/Nevada

Discharge (cfs)
Year
Station 1 Station 2 Station 3 Station 4 Station 5
2006 ND 0.629 ND ND ND
2007 ND 4,89 ND ND ND
2008 ND 0512 ND ND ND
2009 ND 0.531 ND ND ND
2010 ND 1.52 ND ND ND
2011 ND 5.04 ND ND ND
2012 ND 0.370 ND ND ND
2013 ND 0.688 ND ND ND
Notes:
Station 1 =  USGS 10251375 Amargosa River at Dumant Dunes near Death Valtey, San Bernardino
County, California (Latitude 35°41°45", Longitude 116%15'02" NAD27).
Station 2= USGS 10251300 Amargosa River at Tecopa, Inyo County, Califomia
(Latitude 35250'45", Langitude 116213'45" NAD27).
Station 3= USGS 10251259 Amargosa River at Hwy 127 near Nevada State Line, Inyo County, Galifornia
(Latitude 36223'12", Longitude 116225'22" NAD27).
Station 4 = USGS 10251218 Amargosa River at Hwy 95 below Beatty, Nevada, Nye County, Nevada
(Latitude 36252'52", Longitude 116245'04" NAD27).
Station 5 =

USGS 10251220 Amargosa River near Beatty, Nevada, Nye County, Nevada
{Latitude 36°62'01.76", Longitude 116°45'37.53" NADS3).
ND = No Data

Complete Annual Data Sets Only.
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