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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 monitoring 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 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 conducted cooperatively
between the TNC, U.S. Bureau of Land Management (BLM), U.S. Geological Survey (USGS), Amargosa
Conservancy (AC), and Nye and Inyo Counties. It provides an update of work conducted since the last
State of the Basin Report produced in early 2012. The goal of the overall project is to improve the
understanding of the water that sustains the Amargosa River and the desert ecosystems that flourish 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 baseline spring and groundwater-level monitoring, and prepare this SOBR.

In addition to the WSR, the area contains many small springs that provide important watering sources
for wildlife. These types of watering holes frequently get overlooked in regional hydrologic investigations
because they represent such a small portion of the overall water budget. This is unfortunate as these
sensitive receptors are critically important resources 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 principal 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 dry, the flow of water, where present, is in the subsurface. In areas
where surface flow is more constant, or perennial, the flow is the result of groundwater underflow
reaching bedrock or other relatively impermeable constrictions and being driven 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 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
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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 river system.

The principal tasks during this recent phase of this project were 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 area encompassing nearly 1,000 square miles. Among the results of
the current geochemical work were indications that spring sources within the study area 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:

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

e Via carbonate 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 California Valley then toward the Amargosa
River.

Among the findings are that the source of heat 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:
e Monitoring (hydrologic, visual, and monitoring current and potential water use):

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

e The development of a management tool (i.e. 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.

vi
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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), U.S. Bureau of Land Management (BLM), the U.S. 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 river, 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 monitoring 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. Additionally, other small springs and watering
holes are present away from the Amargosa River. All of these springs, 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 frequently
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 critically
important resources for vegetation, and wildlife (both resident and migratory). It is 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 reconnaissance work conducted by the Source
Group, Inc. (SGI) during 2010-2011 (SGI, 2011), regional hydrogeologic investigations in the California
portion of the basin have been virtually non-existent. The discussions regarding the California portion
of the basin therefore have been more conceptual in nature than those regarding the Nevada portion of
the basin.

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

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

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

e Continue to develop an understanding of Amargosa River conditions in the southern half of the
basin;

e Describe the results of groundwater-level monitoring and evaluate potential future monitoring
locations; and,

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

1.1 Current Scope of Work

The current scope of work included the following tasks:

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

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

1.1.1 Discharge, Groundwater Level, and Seepage Run Monitoring

Flow discharge and groundwater elevation measurements have been collected on a periodic basis from a
select group of springs 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 were 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 Spring 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 Reporting

This task included the time required 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.

1.2 Location and Physiographic Setting

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

e 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
e Death Valley Groundwater Basin (California —Nevada).

The Northern Amargosa Valley Groundwater Basin is comprised of the Amargosa River Valley from the
river'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 Counties, 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 Amargosa River Basin range from -282 ft msl 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 area is arid 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 degrees Fahrenheit. Mean monthly high
temperatures at Shoshone range from 58.8 degrees Fahrenheit in December 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. Agricultural and domestic water is generally supplied
with groundwater from private 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
residents 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 primarily crops
such as alfalfa (Nevada) and to a much lesser extent dates (California). Recreational uses include the use
of spring water at the hot springs in Tecopa, California, and the hot springs northeast of Beatty, Nevada
along U.S. Highway 95.

1.4.1 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) were 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.

1-4
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A ruling in 2012 (6169) by the Nevada State Engineer included the denial of two applications filed by
Rockview Dairies, 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 Horticulture, LLC to change the point of diversion and manner of use previously appropriated
for commercial purposes. Over time, land use had changed from commercial 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 Pahrump Valley, Nevada (Groundwater Basin #162) are also provided in
Appendix C.
1.4.1.1 Devil's Hole

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

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

e Any application within the described area that seeks to change and existing point of diversion closer to Devil’s Hole
but remains within its existing place of use and is no more than %2 mile from its original point of diversion;

e Those applications filed which seek to appropriate 2.0 acre-feet per year or less, may be considered and shall be
processed subject to Nevada Revised Statutes (NRS) 533 and 534;

e For projects that require changes of multiple existing rights, the State Engineer may compare the net impact to
Devil's Hole of the proposed changes to the impacts to Devil’s Hole of the base rights. If the net impact of the
proposed changes is the same or less than its base right impacts, as determined by the State Engineer, such change
applications may be considered and shall be processed subject to NRS 533 and 534. In no such case shall new
points of diversion be allowed within ten (10) miles of Devil's Hole.

e Those applications for environmental permits filed pursuant to NRS 533.437 and 533.4377, inclusive; and,
e 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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Environmental permits referenced in NRS 533.437 and 533.4377 are 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. Currently,
there is little to no development in the San Bernardino County, California portion of the basin, however
similar functions within San Bernardino 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 responsible
for quantifying 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 records; 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 Department of Environmental Protection
manages Nevada’s storm water pollution program. Within Nye County, Nevada, the Nye County Water
District 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 water-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 for 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 Bureau of Mines and
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Geology, AC, Death Valley National Park, BLM, California Department of Water Resources, and
groundwater level and spring data collected by AZI and within AZI’s water resources library.

1.6.1 Death Valley Regional Flow System Report

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 report. The USGS conducted the modeling and prepared the
associated report bringing together data collected over decades for the U.S. Department of Energy
programs at the Nevada Test Site and at Yucca Mountain. The purposes of the USGS work described
in the report were to:

e Provide boundary conditions for site scale models at the Yucca Mountain and Underground Test
Area Corrective Action Units on the Nevada Test Site;

e Evaluate the impacts of changes in groundwater flux;

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

e Evaluate potential effects to the Nevada Test Site due to off-site groundwater development;
e Provide a framework for identifying an effective groundwater quality monitoring network; and

e Facilitate 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 were sponsored by the AC. That work included geochemical
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:

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

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

e Installation of four shallow monitoring wells 1) north of Shoshone along the Amargosa River, 2)
along Willow Creek, 3) at Twelvemile Spring, and 4) at “Married Man’s Camp” between Willow
Creek and California Valley. This work 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 JWI, 2013a);

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

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

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

¢ Initiation 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 (JWI, 2013c).
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2.0 CURRENT FIELD AND LABORATORY METHODS

The field activities 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 nearly 1,000 square miles. The results of the initial reconnaissance published in the
2011 State of the Basin Report (SGI, 2011), were used as the foundation for the design and
implementation of more detailed hydrogeologic investigations. Additionally, methodologies for
describing spring conditions developed for other areas (Sada & Pohlmann, 2002, and Sky Island Alliance,
2012) formed the basis of field descriptions 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
monitoring for a select group of springs, wells and points along the Amargosa River. The results from
this investigation as described 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
groundwater monitoring effort that will be protective of the environmental and cultural resources of the
basin. The locations of all points monitored or reconnoitered during this work are shown on Figures 2-
1 through 2-3.

2.1 Spring Discharge, Groundwater Level and River Surface Flow Monitoring

During May 2014, spring 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 monitoring points as measured during previous monitoring
events. Additional monitoring included following the movement (progression and regression) of the
leading edge of the River near the Dumont Dunes area and seepage run monitoring of Willow Creek just
upstream of the confluence with the Amargosa River.

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

e To quantify spring discharge rates, groundwater elevations, and river surface flow which will
provide estimates of seasonal variations;

e To establish a record of discharge from the springs and wells selected for monitoring, including
seasonal trend information in order to provide a more robust baseline for future comparisons,
and
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e 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 baseline work 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 Spring. 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 conditions were such that sampling was not
practicable at the time of the initial work (SGI, 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. In some cases, such as Borax Spring and Tecopa Hot Spring, the spring
discharged over a lip or out a pipe which enabled direct measurement of spring flow. At other locations,
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 under-
estimation or over-estimation of free-flowing discharge. 1deally, 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 other 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 requires 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 spring discharge locations would be
required to achieve the accuracy needed to resolve fine, seasonal 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 monitoring event so accurate comparisons between events can be made. All
of the depth to water measurements recorded starting with the initial well survey are summarized 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.

2.1.3 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 undercrossing 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
river flow at each measurement location along the Amargosa River. Surface water flow velocity was
measured and recorded at 0.5-foot intervals across the width of the Amargosa River along a measurement
transect oriented perpendicular to the direction of river flow. Concurrent with each velocity
measurement, depth to river bottom was recorded. The full profile of river velocities and depths for the
complete cross-section of the river 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 November 2010 and January 2011, the
leading edge of the Amargosa 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 late 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 approximately 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. This 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 vegetation along the Amargosa River (i.e. 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:

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

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

e General minerals and metals at Dodge City Spring.

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.

2.2.1 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 earlier work, they also summarized types groundwater
hydrochemistry that showed calcium magnesium bicarbonate groundwater associated with both the
carbonate rock of the Spring Mts. and adjacent Pahrump Valley. In contrast, sodium potassium
bicarbonate groundwater drains the largely volcanic 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
bicarbonate 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 recharge and 40 percent from Pahranagat Valley to the east. They also argue from
radiocarbon data that groundwater velocities ranged approximately 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 during long-range transport. They further showed that stable isotopes of oxygen-18 and
deuterium measured 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 evaporation 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 et al. (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 fracture flow of southern Nevada, and
groundwater derived from basin-filled groundwater of the Amargosa Desert.

Additional studies providing a greater variety 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 tritium, oxygen-18, deuterium, strontium isotopes, and uranium isotopes in regions along the
Amargosa River. He showed that spring samples are largely tritium 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
carbonate 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
barriers and cavities in the regional carbonate aquifer that forces groundwater to migrate upward and
encounter 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 (3"*0) and deuterium (dD) 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 Laboratories in Champaign, lllinois 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 normalization converted to standard & (“del””) notation following the convention:

0= ( R 1) 1000
Rstd

Where R is the isotope ratio of the sample and R 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-tight with cold seal. The samplers were placed in the water to be
sampled for 24 hours. During this equilibration period, gases dissolved in the water diffused through the
semipermeable tube and came into an equilibrium concentration in the tube proportional to that of the
water. At the same time, a special meter was used to measure 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 separate 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
were sent to the noble gas laboratory at the University of Utah. The copper tubes were vacuum fitted to
an evacuated container, the copper cold seal was uncrimped 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
VG-5400 noble gas mass spectrometer. Results are reported as gas volume per milliliter of water.

2.2.3 Results - Geochemistry

A detailed description of the investigative results and associated laboratory data reports are provided in
the report prepared by M.L. Davisson & Associates, Inc., and provided in Appendix E. What follows is
a summary 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 area 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 areg;

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

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

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 subsurface heat
flow increases groundwater temperature and contributes to increased dissolved silica, decreased
bicarbonate, and possibly increased pH, with the latter resulting in the high arsenic concentrations. The
source of the arsenic could be from multiple 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 Amargosa River Valley groundwater mostly
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
Earth’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 elevated 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 warm water is
driven to the surface probably by some structural control.
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Several recommendations for future work are derived from the results 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 occurrence, groundwater movement, hydraulic properties
of aquifer materials, 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 appropriate 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 river
gauging results.

3.1 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 is characterized
by basins of internal drainage with considerable topographic relief, alternating between narrow faulted
mountain chains and flat arid valleys or basins. The ranges generally trend north-northwest parallel to
the regional structural regime. The geology of the Amargosa Basin is very diverse containing
Precambrian, Paleozoic and Mesozoic metamorphic and sedimentary rocks, Mesozoic-aged igneous
rocks, Tertiary and Quaternary-aged volcanic rocks, and playa, 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 Northern 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 are 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 floor 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 principal 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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3.2.1 Basin Fill

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 Eakin, 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 boreholes 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 Spring and Borax Spring in the Shoshone-
Tecopa area.

3.2.2  Volcanic Rocks

Tertiary 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 driving water to
the surface 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 ranges 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. Fractures and secondary solution openings

3-2
ANDY ZDON &
ASSOCIATES, INC.



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

along bedding planes can transmit considerable quantities of groundwater. Groundwater that discharges
from the springs at Ash Meadows largely involves groundwater moving through these secondary
openings in the carbonate rocks. Within the basin, significant groundwater flow through the carbonate
rock aquifer occurs 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. Carbonate rocks with extensive solution
channels or fractures primarily developed in one direction will have permeabilities that are highly oriented
in specific directions. Therefore, the groundwater flow may not be predictable simply by drawing flow
lines perpendicular to regional groundwater surface contours representative of the regional carbonate
aquifer (Davis & DeWiest, 1966). Although the carbonate rock aquifer likely transmits large volumes of
groundwater 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.

3.2.4 Geologic Structure

The rocks in the Amargosa River Basin have been extensively deformed by a variety of fault types that
have occurred 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 dominant;

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

e Thrust faults (low angle faults) that during 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 (Figure 3-2). Shoshone Spring also rises along the northward extension of the same fault that
passes through Tecopa, part of the Furnace Creek Fault Zone (California Division of Mines, 1954). The
Death Valley — Furnace Creek Fault System (inclusive of the Furnace Creek Fault Zone) is part of a large,
currently active, northwest directed pull-apart zone. Movement along the Furnace Creek Fault Zone is
primarily strike-slip (Brogan, Kellog, Slemmons and Terhune, 1991). The Death Valley — Furnace Creek
Fault System is the second longest fault system in California (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 volcanic or 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 faulting
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 (e.g., quartzite thrust against carbonate rocks), those
faults may also serve as a barrier 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 Cambrian and Precambrian clastic rocks 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.

3.3 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 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 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 rainstorms, 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 here,
the river flows generally southwest toward Beatty, Nevada, and after passing through the Amargosa
Narrows where water is forced to the surface, enters the Amargosa Desert. After crossing the border
into California, the river 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 southward 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 series of conceptual cross-sections following the course 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 anticipated.

This condition also emphasizes the sensitivity of the relatively constant, or perennial 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 underflow, and further highlights the
sensitive nature of the river system. More 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 locations
along the river 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 recorded 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 summarized 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 are somewhat intermediate in chemistry between the more saline hot spring
waters at Tecopa, and the fresh water springs identified in the area. This monitoring has provided strong
indications that the extent of flow in the Amargosa River is significantly 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
vegetation along the Amargosa River (i.e. 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 spring-fed ponds in the Ash Meadows area (Nevada),
spring-fed Grimshaw Lake in the Tecopa area, and streams that issue from springs only to end where
either that flow is utilized by vegetation, or it percolates back into the subsurface. One exception to this
is Willow Creek, a significant spring-fed stream that rises northeast of China Ranch (south of Tecopa),
and flows into the Amargosa River within the Amargosa River Canyon.

3.4 Regional Groundwater System

The regional groundwater flow system is considerably more extensive than the Amargosa River Basin
watershed (Figure 3-3). The reason for this is the extensive area beyond the watershed boundary
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underlain 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
(Planert and Williams, 1995).

The Northern Amargosa River Basin appears to receive much of its carbonate-rock aquifer underflow
from central Nevada. As shown on Figure 3-4, groundwater moves southward through Lincoln County,
Nevada where 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 directly 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
area toward the Shoshone-Tecopa area 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 primarily comprised of quartizite, shale, siltstone and dolomite of lesser permeability than
would be expected of the Paleozoic-age carbonate rocks. Alternative flow paths likely include one or
more of the following:

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

e Via carbonate 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 California 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 (JWI, 2013a) as a potential
source for Twelvemile Spring. 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 nearly 40,000 square miles. The following
sections describe the occurrence and movement of groundwater, the aquifer characteristics of the basin
fill and carbonate rock aquifers, and groundwater basin inflow and outflow components.

3.4.1 Groundwater Occurrence and Movement

Within the Amargosa River Basin, groundwater occurs primarily 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
groundwater 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 Eakin, 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 described in Section 3.3., underflow in the basin fill
contributes to surface flow in the Amargosa River where constrictions 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 Amargosa River Canyon), underflow in river
channel deposits, spring discharge and evapotranspiration, 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
flows laterally across basins as interbasinal flow as described earlier.

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, groundwater 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 is the same map that was provided in the 2011 SOBR. Based on the continued
monitoring of groundwater levels in the area since that time, and the little change observed south of
Death Valley Junction, this map is likely still 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 alluvium
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. North 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
water likely flows down China Ranch Wash, which in turn is the source of the water from Willow Spring
and Willow Creek.

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

Based on the results of AZI’s 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 Creek area warm springs are 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 or faults to the surface where it is discharged. 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 f/d in the coarse-grained sands and gravels (Belcher, 2004). AZI is unaware of
any aquifer testing that has occurred within the basin fill in the Middle Amargosa River Basin or the Death
Valley Basin, but it is likely that hydraulic conductivities generally fall within the same range as those
described above.

The aquifer characteristics of the carbonate rock aquifer can be highly variable. Where fractures and
solution openings exist, these rocks can be the most permeable materials in the basin. 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).

3.4.3 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, primarily through the
carbonate rock aquifer. In this area, large 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 & Eakin (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 estimates
associated with them (California Department of Water Resources, 2003).

As part of the water-supply feasibility study for a potable water source for Tecopa, JWI (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, D’Agnese and O’Brien, 2004).

With respect to the Middle Amargosa River Basin, the existing Death Valley Regional Flow System model
could be used to evaluate 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 essential management tool and will likely provide
additional insight into the dynamics of regional flow in the area.

3.4.4 Groundwater Basin Outflow Components

3.4.4.1 Spring Flow & Evapotranspiration

Spring flow and evapotranspiration have been combined as a basin outflow component in this basin as
in this area as they are unavoidably linked. Groundwater-dependent vegetation (phreatophytes) are
present along the Amargosa River and in spring areas. Springs discharge water from the groundwater
system, but in nearly 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 area, the combined spring flow and
evapotranspiration has been estimated at approximately 8,900 AFY. In the Death Valley Basin, combined
spring 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 spring flow (not including evapotranspiration or
Amargosa River flow), AZI'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 Northern Amargosa River Basin. This
water is largely used for irrigation. 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
records, the Northern 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 annual 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, water supplies are more reliant on spring
flow, and groundwater pumping is relatively insignificant in comparison to the Nevada portion of the
basin. Groundwater pumpage for domestic or public use is probably on the order of less than 100 AFY
(San Juan, Belcher, et.al., in Belcher, 2004). Water used for irrigation 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
groundwater pumping in the Pahrump 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 conditions and may represent a 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 spring 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 a “puddle” 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 has been reported in selected areas of Pahrump Valley
indicative of a basin beginning to come closer to balance with recently reduced pumping rates.
3.45 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,

3-11
ANDY ZDON &
ASSOCIATES, INC.



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

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 Northern Amargosa River
Basin where groundwater pumping is focused, much of the water present is suitable for irrigation (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.

3.5 Groundwater in Storage

The volume of groundwater in storage within the basin fill is a function of the area of the aquifer material,
a 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 Amargosa 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 feet 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.

3.6  Groundwater Levels and Discussion of Inflow and Outflow Components

The volume of groundwater in storage is an important aspect of the groundwater system. Changes in
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) is:

Inflow — Outflow = Change in Storage

When outflow exceeds inflow, there 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 are a clear indication that outflow has been exceeding inflow for an
extended period of time. It 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 where inflow equals outflow. Groundwater pumping causes a 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 vegetation (vegetation whose water requirements are
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met by roots tapping groundwater such as in the area of springs) and reduction or elimination of spring
flow. All pumped water must be supplied by one or more of the following:

e Decreases in groundwater storage;
e Increased or induced recharge; and

e Decreased 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 groundwater 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 fill aquifer has been
postulated as early as the 1960's (Walker & Eakin, 1963). Elevated pumping in the basin fill aquifer could
induce greater upward leakage from the carbonate rock aquifer that correspondingly could result in
reduced spring flow from those carbonate rocks.

If the system can come to a new equilibrium (i.e., a combination 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 environmental resources of the area.
Numerical models are 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.

Groundwater inflow, outflow and storage estimates were provided where 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, there has been an increased use of groundwater in the Nevada
portion 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 in a 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
report.
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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 clear that an effective monitoring program for the WSR will include sites well away from the River.
Although the management plan will be for a specific water course, the unique hydrology and the expansive
area that contributes to the river through complex groundwater flowpaths would make purely river-
centric monitoring of limited value. Based on the results of current and past work, decreases in
groundwater level and associated underflow 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 river to maintain surface flow. While the Nevada portion
of the basin has been well-studied, primarily as a result of hydrologic studies centered on the Nevada Test
Site and the Yucca Mountain Project, until recently 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, prior to
the Amargosa River being impacted.

In the Northern Amargosa River Basin groundwater is already over-allocated. Although pumping does
not currently take place at the full amount entitled to by water rights holders, considerable impacts to the
groundwater reservoir 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 Amargosa
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.

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 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 potential impacts to the river and its feeder springs before
irreversible impacts from future groundwater development occur. Based on the results of the current

4-1
ANDY ZDON &
ASSOCIATES, INC.



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

and past hydrologic work along the Amargosa River, the following sections highlight technical needs that
should be incorporated into a management plan for the Amargosa WSR.

4.1 Monitoring

Monitoring forms the basis for any water management activities in that it is impossible to manage any
resource without a basis for what that resource comprises. The recommendations provided below
contain provisions for both automated monitoring techniques and regular field monitoring. In desert
areas where river channel or spring conditions can radically change as the result of one summer
thunderstorm, having regular field observations taking place is key to not only monitor the resource, but
to 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 is
compromised (e.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
groundwater level. Generally, water rises to the surface of the river channel where constrictions are
encountered forcing water to the surface. Groundwater monitoring will therefore be an essential
component to river management. Additionally, infestation of non-native vegetation such as tamarisk will
also have a negative effect on river flow and spring flow where it is present at spring discharge points.
Visual monitoring of vegetation, particularly for the presence of tamarisk or other water-using, non-native
vegetation will be a key component of river management.

AZI makes the following monitoring recommendations:

e 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.
Seepage run monitoring should continue to be conducted periodically (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,
elevation and seepage run monitoring points.

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

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

0 ARHS-02- Willow Creek — identification of changes in groundwater level that may
affect the most important tributary to the Wild and Scenic Amargosa River;
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0 ARHS-03 — Twelvemile Spring — Identification of changes in groundwater level that
may indicate reduced movement of groundwater from Pahrump Valley beneath
northern portion of Nopah Range; and,

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

Other wells to be monitored will include those new wells listed for future installation 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 river
environments. This will assist in identification of tamarisk or other non-native vegetation
encroachment that could affect river and spring flows. Additionally, periodic cross-checking with
aerial imagery should be conducted to identify changes to areas not specific to monitoring sites.

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

4.2 Additional Investigation

Currently, 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 groundwater budget for the Middle Amargosa River Basin will be to develop
a firm understanding of the various groundwater discharge 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 work, and in order to accomplish the larger goals of the
project, the following lines of investigation to refine the conceptual model for the Middle Amargosa Basin
should be considered fall into three categories including; 1) monitoring well installation to improve our
understanding of the system and provide protective monitoring 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 piezometers/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 conditions and identification of
impacts to groundwater levels in the future should they occur. AZI anticipates the wells would
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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);

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

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);

0 One shallow well along the Amargosa River near Tecopa and the USGS Amargosa River
gaging station there;

0 Four deep wells in the area northeast, east and southeast of Tecopa to evaluate flow
coming from Chicago Valley and the Kingston Range, and,

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

Deep monitoring 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, locations 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 constituents, 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,
so this would entail specialized analysis to obtain metals concentration information at substantially
lower detection limits than typically conducted.

Radiocarbon Dating and Chlorofluorocarbons (CFCs) Analysis — Carbon-13 and Carbon-
14 analysis along with CFCs to age date waters, particularly 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.

e 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.

e Analysis of Salts in Discharge Areas — To 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.

e 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 Eagle
Mountain. This would also help inform our understanding of monitoring results in that area.

e 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
locations:

0 The south flank of Eagle Mountain;

o Twelvemile Spring;

0 Saratoga Spring; and

0 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 ft 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 is planned that data downloading would be accomplished during quarterly events as part
of the hydrologic monitoring. It is anticipated that NOAA-II 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 location (Horsethief Spring area). Precipitation
stations would be secured by fencing.

4.3 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 originally
developed by the USGS. The model should be developed in a 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 private 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.

4.4 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
monitoring 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 Amargosa 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 report 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, corporations, 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
California/Nevada

Flow
Date of . ) Elevation Flow Temp. Spec. Cond. TDS DO pH ORP
Name visit | Latitude jLongitude| "t oy (gom) Measurement | (aeg ©) (mSlcm-deg C) mgl) | (mgi) mv) Notes
TDS = total dissolved solids

mg/L = milligrams per liter

DO = dissolved oxygen

ORP = oxidation-reduction potential
mV = millivolts

*Flow Measurement Method = spring and river flow were measured either directly with a solid state meter (meter), indirectly using time to fill a 5-gallon bucket (bucket), or using visual estimation techniques (visual).
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Figure 2-5 Passive Diffusion Sampler ANDY ZDON &
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Regional Carbonate, NTS, and Amargosa River Valley

EXPLANATION
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Ea:_
CATICNS

Piper plotcomparing cationand anion relative concentrations ingroundwater 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-
HCOs-Cl-SO4 type accompanied by increased salinity.

Figure 2-7 Piper Plot for Amargosa ANDY ZDON & @
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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 & A
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